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ABSTRACT

The Alaska wild salmon industry has gone through a period of low prices and
changing markets in the past two decades. Average exvessel prices have dropped from
$1.46 per pound in 1988 to $0.35 per pound in 2005, due in large part to increased
volume of farmed salmon and marine-reared rainbow trout. This thesis examines the
potential price and revenue effects from the interaction between wild Alaskan salmon and
anticipated production increases of farmed salmon from Chile. To investigate these
linkages I developed an international simultaneous equilibrium market model for wild
and farmed salmon and marine-reared rainbow trout. While world-wide farmed salmon
(and trout) and the various wild Alaskan salmon species are not identical products, they
are close substitutes. Changes in the volume of aquaculture production substantially
affect the market-clearing prices of wild salmon. This model will then be used to
simulate potential changes in Chilean farmed salmon production and Alaska wild salmon
production on salmon exvessel prices in Alaska.

iv

TABLE OF CONTENTS
Page
SIGNATURE PA G E.................................................................................................................i
TITLE PAGE............................................................................................................................ ii
ABSTRACT............................................................................................................................. iii
TABLE OF CONTENTS........................................................................................................ iv
LIST OF FIGURES.............................................................................................................. viii
LIST OF TABLES.................................................................................................................xiii
ACKNOWLEDGMENTS..................................................................................................... xv
CHAPTER 1
INTRODUCTION.................................................................................................................... 1
Research Objectives..............................................................................................................2
Thesis Organization..............................................................................................................3
CHAPTER 2
BACKGROUND OF WILD AND FARMED SALMON.....................................................4
The Wild Alaska Salmon Fishery........................................................................................4
International Salmon Aquaculture.......................................................................................7
Salmon Demand on the World Market..............................................................................14
Japan and Chilean Salmon Farms......................................................................................18
Alaska Finfish Farm Moratorium......................................................................................20
CHAPTER 3
SALMON DEMAND MODEL.............................................................................................23

V

Introduction......................................................................................................................... 23
Salmon Nomenclature........................................................................................................ 33
Salmon Demand Equations................................................................................................ 33
United States Inverse Demand Functions.........................................................................34
United States Inverse Demand for Chilean Atlantic Salmon...................................... 36
United States Inverse Demand for Canadian Atlantic Salmon................................... 37
Japanese Inverse Demand Functions................................................................................ 41
Japanese Inverse Demand for Chilean Coho............................................................... 43
Japanese Inverse Demand for Chilean Trout............................................................... 44
Japanese Inverse Demand for Norwegian Trout.......................................................... 45
Japanese Inverse Demand for United States Sockeye.................................................46
Salmon Allocation Equations............................................................................................48
Allocation of Chilean Atlantic Salmon to the U.S....................................................... 50
Allocation of Canadian Atlantic Salmon to the United States.................................... 51
Allocation of Chilean Coho to Japan............................................................................ 52
Allocation of Chilean Trout to Japan............................................................................ 53
Allocation of Norwegian Trout to Japan......................................................................54
Allocation of United States Sockeye to Japan............................................................. 55
Alaska Exvessel Price Equations.......................................................................................56
Alaska Exvessel Price for Sockeye............................................................................... 57
Alaska Exvessel Price for Chinook............................................................................... 57
Alaska Exvessel Price C oho..........................................................................................59

vi

CHAPTER 4
ECONOMETRIC MODEL RESULTS................................................................................ 60
Salmon Market Model Estimation.....................................................................................60
United States Inverse Demand for Chilean Atlantic Salmon...................................... 64
United States Inverse Demand for Canadian Atlantic Salmon................................... 66
Japanese Inverse Demand for Chilean Coho................................................................68
Japanese Inverse Demand for Chilean Trout................................................................70
Japanese Inverse Demand for Norwegian Trout.......................................................... 73
Japanese Inverse Demand for U.S. Sockeye.................................................................76
Allocation of Chilean Atlantic Salmon to the U.S....................................................... 79
Allocation of Canadian Atlantic Salmon to the U.S.................................................... 81
Allocation of Chilean Coho to Japan............................................................................ 82
Allocation of Chilean Trout to Japan............................................................................ 84
Allocation of Norwegian Trout to Japan......................................................................86
Allocation of U.S. Sockeye to Japan............................................................................ 88
Alaska Exvessel Price for Sockeye............................................................................... 89
Alaska Exvessel Price for Chinook............................................................................... 90
Alaska Exvessel Price for Coho.................................................................................... 93
Goodness-of-Fit.................................................................................................................. 94
CHAPTER 5
PREDICTIONS AND CONCLUSIONS.............................................................................107
Sensitivity Analysis.......................................................................................................... 107

Vll

Scenario 1: Increased Chilean Exports of Atlantic Salmon.....................................107
Scenario 2: Increased Chilean Exports of Coho.......................................................I l l
Scenario 3: Chile Increases Export of Trout............................................................. 113
Scenario 4: Increased Chilean Exports of Coho and Trout......................................115
Scenario 5: Adjustments to Alaskan Coho Harvests............................................. 117
Scenario 6: Adjustments to Alaskan Sockeye Harvests........................................120
Scenario 7: Adjustments to Alaskan Chinook Catches.......................................... 122
Discussion..........................................................................................................................123
REFERENCES......................................................................................................................128

Vlll

LIST OF FIGURES
Page
Figure 2.1. Nominal Alaska Exvessel Prices for Five Species of Salmon, 1980-2005
($/lb.)...........................................................................................................................

6

Figure 2.2. Real Alaska Exvessel Prices for Five Species of Salmon, Base Year 1980,
1980-2005 ($/lb.)...................................................................................................................... 6
Figure 2.3. Total World Salmon Production, Wild and Aquaculture, 1978-2003 (million
pounds)....................................................................................................................................... 8
Figure 2.4. Chile and Norway Aquaculture Production of Salmon and Trout, 1987-2004
(million pounds).......................................................................................................................11
Figure 2.5. Exports of Atlantic Salmon to the U.S., 1982-2005(million pounds)...........12
Figure 2.6. Country Distribution of Norway Atlantic Salmon Exports in 2005.............. 14
Figure 3.1. Total Chilean Production of Atlantic Salmon, Coho, and Trout, 1988-2004
(million pounds)...................................................................................................................... 24
Figure 3.2. A Schematic Representation of Relationships Represented in the M odel.... 25
Figure 3.3. Total U.S. Imports of Atlantic Salmon by Country, 1989-2005 (million
pounds)..................................................................................................................................... 35
Figure 3.4. Canadian and Chilean Export Price of Atlantic Salmon to the U.S., 19892005 ($/lb.)...............................................................................................................................38
Figure 3.5. Total Production of Atlantic Salmon in the Three Largest Producing
Countries, 1989-2004 (mil lbs.).............................................................................................39

Figure 3.6. Export Prices of Chilean Coho and U.S. Sockeye to Japan, 1989-2005 (in
¥/lb.)........................................................

42

Figure 3.7. Exports of Farmed Chilean Species to Japan, 1989-2005 (million pounds). 43
Figure 3.8. Quantity of Salmon and Trout Species Most Frequently Exported to Japan,
1989-2005 (million pounds).................................................................................................. 47
Figure 3.9. Canadian Exports of Atlantic Salmon by Recipient Country, 1988-2005
(million pounds)...................................................................................................................... 51
Figure 3.10. Exports of Chilean Coho by Recipient Country, 1989-2005 (million pounds)
...................................................................................................................................................52
Figure 4.1. Chilean Atlantic Salmon Exports by Recipient Country, 1989-2005 (million
pounds)..................................................................................................................................... 80
Figure 4.2. Exports of Chilean Coho by Recipient Country, 1989-2005 (million pounds)
...................................................................................................................................................83
Figure 4.3. Export of Chilean Trout by Recipient Country, 1989-2005 (million pounds)
...................................................................................................................................................85
Figure 4.4. Real Norwegian Fuel Price Index, NPFUELR=CPI Fuel/CPI Food, 19812005.......................................................................................................................................... 88
Figure 4.5. Actual (CXAUP) and Predicted (CXAUPH) Chilean Export Price of Atlantic
Salmon to the U.S., 1990 to 2005 (Chilean Peso/lb.).......................................................... 99
Figure 4.6. Actual (AXAUPD) and Predicted (AXAUPDH) Canadian Export Price of
Atlantic Salmon to the U.S., 1990 to 2005 (S/lb.)............................................................... 99

X

Figure 4.7. Actual (CXSJPYA) and Predicted (CXSJPYH) Chilean Export Price of Coho
Salmon to Japan, 1990 to 2005 (S/lb.).................................................................................100
Figure 4.8. Actual (CXTJPYA) and Predicted (CXTJPYH) Chilean Export Price of
Trout to Japan, 1990 to 2005 ($/lb.)....................................................................................100
Figure 4.9. Actual (NXTJPYA) and Predicted (NXTJPYH) Norwegian Export Price of
Trout to Japan, 1990 to 2005 (¥/lb.)....................................................................................101
Figure 4.10. Actual (UXRJPYA) and Predicted (UXRJPYH) U.S. Export Price of
Sockeye to Japan, 1990 to 2005 ($/lb.)................................................................................101
Figure 4.11. Actual (CXAUQA) and Predicted (CXAUQH) Quantity of Chilean Atlantic
Salmon Exported to Japan, 1990 to 2005 (mil. lbs.)...........................................................102
Figure 4.12. Actual (AXAUQA) and Predicted (AXAUQH) Quantity of Canadian
Atlantic Salmon Exported to the U.S., 1990 to 2005 (lbs.)............................................... 102
Figure 4.13. Actual (CXSJQA) and Predicted (CXSJQH) Quantity of Chilean Coho
Exported to Japan, 1990 to 2005 (lbs.)................................................................................103
Figure 4.14. Actual (CXTJQA) and Predicted (CXTJQH) Quantity of Chilean Trout
Exported to Japan, 1990 to 2005

(lbs.)........................................................................ 103

Figure 4.15. Actual (NXTJQA) and Predicted (NXTJQH) Quantity of Norwegian Trout
Exported to Japan, 1990 to 2005

(lbs.)........................................................................ 104

Figure 4.16. Actual (UXRJQA) and Predicted (UXRJQFI) Quantity of U.S. Sockeye
Exported to Japan, 1990 to 2005

(lbs.)........................................................................ 104

Figure 4.17. Actual (ARP) and Predicted (ARPH) Exvessel Price for Alaska Sockeye,
1990 to 2005 ($/lb.)............................................................................................................... 105

xi

Figure 4.18. Actual (ASP) and Predicted (ASPH) Exvessel Price for Alaska Coho, 1990
to 2005 ($/lb.).........................................................................................................................105
Figure 4.19. Actual (AKP) and Predicted (AKPH) Exvessel Price for Alaska Chinook,
1990 to 2005 ($/lb.)............................................................................................................... 106
Figure 5.1. Simulated 2005 Alaskan Chinook Exvessel Price (AKPH) for Various Levels
of Total Chilean Exports of Atlantic Salmon (CXATQ) ($/lb.)........................................108
Figure 5.2. Simulated 2005 Alaskan Coho Exvessel Price (ASPH) for Various Levels of
Total Chilean Exports of Atlantic Salmon (CXATQ) ($/lb.)............................................109
Figure 5.3. Simulated 2005 Alaskan Chinook Exvessel Revenue (AKREV) for Various
levels of Total Chilean Exports of Atlantic Salmon (CXATQ) (mil $)............................ 110
Figure 5.4. Simulated 2005 Alaskan Coho Exvessel Revenue (ASREV) for Various
Levels of Total Chilean Exports of Atlantic Salmon (CXATQ) (mil. $ ) ....................... 111
Figure 5.5. Simulated 2005 Alaskan Sockeye Exvessel Price (ARPH) for Various Levels
of Total Chilean Exports of Coho Salmon (CXSTQ) ($/lb.)........................................... 112
Figure 5.6. Simulated 2005 Alaskan Sockeye Exvessel Revenue (ARREV) for Various
Levels of Total Chilean Exports of Coho Salmon (CXSTQ) (mil. $ ) .............................. 113
Figure 5.7. Simulated 2005 Alaskan Sockeye Exvessel Price (ARPH) for Various Levels
of Total Chilean Exports of Trout (CXTTQ) ($/lb.).........................................................114
Figure 5.8. Simulated 2005 Alaskan Sockeye Exvessel Revenue (AREV) for Various
Levels of Total Chilean Exports of Trout (CXTTQ) (mil. $)............................................115
Figure 5.9. Simulated 2005 Alaskan Sockeye Exvessel Price (ARPH) for Various Levels
of Total Chilean Exports of Coho and Trout (CXSTQ + CXTTQ) ($/lb.).......................116

Xll

Figure 5.10. Simulated 2005 Alaskan Sockeye Exvessel Revenue (AREV) for Various
Levels of Total Chilean Exports of Coho and Trout (CXSTQ + CXTTQ) (mil. $ )....... 117
Figure 5.11. Simulated 2005 Alaskan Coho Exvessel Revenue (ASREV) for Various
Levels of Alaskan Coho Harvests (ASL) (mil. $)...............................................................118
Figure 5.12. Simulated 2005 Alaskan Coho Exvessel Price (ASPR) for Various Levels of
Alaskan Coho Harvests (ASL) (S/lb.)................................................................................ 119
Figure 5.13. Simulated 2005 Alaskan Sockeye Exvessel Revenue (ARREV) for Various
Levels of Alaskan Sockeye Exports (ARL) (mil. $)...........................................................120
Figure 5.14. Simulated 2005 Alaskan Sockeye Price (ARPR) for Various Levels of
Alaskan Sockeye Harvests (ARL) ($/lb.)........................................................................... 121
Figure 5.15. Simulated 2005 Alaskan Chinook Exvessel Revenue (AKREV) for Various
Levels of Alaskan Chinook Harvests (AKL) (mil. $).........................................................122
Figure 5.16. Simulated 2005 Alaskan Chinook Price (AKPR) for Various Levels of
Alaskan Chinook Harvests (AKL) (mil $).......................................................................... 123

Xlll

LIST OF TABLES
Page
Table. 2.1. Percent of Total Imports of Salmon and Trout to Japan,in 1994 and2005.. 17
Table 2.2. Percent of Salmon Imports into Japan by Speciesand Country of Origin, in
1994 and 2005.................................................................................................................... 17
Table 3.1. Behavioral Equations for the Salmon Market Model........................................28
Table 3.2. Market Clearing Identities used in the Salmon Market Model........................ 29
Table 3.3. Definitions of Variables used in the Salmon Market Model (in alphabetical
order)................................................................................................................................... 30
Table 3.4. Data Sources for Data Sets in Table 3.3....................................................... 33
Table 4.1. Dependent Variable: Price of Chilean Atlantic Salmon Exported to the U.S.:
CXAUPDR.........................................................................................................................64
Table 4.2. Dependent Variable: Price of Canadian AtlanticSalmon Exportedto the U.S.:
AXAUPDR.........................................................................................................................66
Table 4.3. Dependent Variable: Price of Chilean Coho Exported to Japan: CXSJPYR 68
Table 4.4. Dependent Variable: Price of Chilean Trout Exported to Japan: CXTJPYR 70
Table 4.5. Dependent Variable: Natural Logarithm of the Price of Norwegian Trout
Exported to Japan: ln(NXTJPYR)....................................................................................73
Table 4.6. Dependent Variable: Price of U.S. Sockeye Exported to Japan: UXRJPYR76
Table 4.7. Dependent Variable: Quantity of Chilean Atlantic Salmon Exports to the
U.S.: CXAUQ.................................................................................................................... 79

xiv

Table 4.8. Dependent Variable: Quantity of Canadian Atlantic Salmon Exports to the
U.S.: AXAUQ......................................................................................................................... 81
Table 4.9. Dependent Variable: Quantity of Chilean Coho Exports to Japan: CXSJQ.. 82
Table 4.10. Dependent Variable: Natural Logarithm of the Quantity of Chilean Trout
Exports to Japan: ln(CXTJQ)................................................................................................. 84
Table 4.11. Dependent Variable: Natural Logarithm of the Quantity of Norwegian Trout
Exports to Japan: ln(NXTJQ)................................................................................................ 86
Table 4.12. Dependent Variable: Natural Logarithm of the Quantity of U.S. Sockeye
Exports to Japan: ln(UXRJQ)................................................................................................ 88
Table 4.13. Dependent Variable: Natural Logarithm of the Real Exvessel Price for
Alaska Sockeye: ln(ARPR).................................................................................................... 89
Table 4.14. Dependent Variable: Natural Logarithm of the Real Exvessel Price for Wild
Alaska Chinook: ln(AKPR)................................................................................................... 90
Table 4.15. Dependent Variable: Natural Logarithm of the Real Exvessel Price for
Alaska Coho: ln(ASPR)..........................................................................................................93
Table 4.16. Historical Simulations - Goodness-of-Fit Statistics....................................... 96

XV

ACKNOWLEDGMENTS

At this time I would like to acknowledge the people and organizations that made
the completion of this project possible. First of all, the Alaska Sea Grant that supported
this project (ASG 05-02) and allowed me to be a part of it. Also the faculty and staff of
the University of Alaska particularly the School of Management, whose encouragement,
patience, and guidance have given me the skills I needed to complete this project and I
will take those lessons I have learned with me in the future.
My committee members have been infinitely helpful during the process of
completing this project. I would like to thank Drs. Keith Criddle and Joshua Greenberg,
whose advice and contributions of knowledge about Chilean and Alaska salmon have
been invaluable to this paper. And a special thanks to Dr. Mark Herrmann for this
opportunity. Your patience and long hours never went unnoticed.
Lastly, I would like to extend my deepest gratitude to my family and friends for
bearing with me. I owe a huge thank you to my parents and my brother for their
continuous support. And to Troy for being with me here and always.

1

CHAPTER 1
INTRODUCTION

One of the primary reasons Alaska fought to become its own state was the
opportunity to manage and benefit fully from its wild salmon resources (Alaska
Department of Fish and Game 2005). The culture of Alaska has been greatly influenced
by seasonal salmon runs and Alaskans that live along the coasts have built their lives
around salmon production. These Alaskans have invested greatly in fishing vessels and
equipment and many support their families on salmon fishing and processing. Until the
early 1990s the salmon industry was by all accounts prosperous.
However, the 1990s brought a boom of salmon aquaculture production in foreign
countries, and with it, a temporary glut on the international salmon market. Large
quantities of farmed Atlantic and coho salmon, and rainbow trout, principally from Chile,
Norway, and Canada, have driven down the price of all salmon products throughout the
world. Consequently, the exvessel price of Alaska wild salmon has dropped greatly, as
has the revenue for the Alaska fishermen and processors. The Alaska exvessel salmon
prices have become so low in the past two decades that in some years and areas
fishermen have chosen not to fish for salmon at all (Knapp et al. 2007). From 2000 to
2002, the number of workers employed in the overall fishing industry in Alaska fell
dramatically, causing a strain on the economies of small, coastal communities that rely on
fish harvesting and processing (Robinson and Gilbertsen 2006). A small recovery
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occurred after 2002, which can be largely accounted for by an increased participation in
the chinook salmon fishery (Robinson and Gilbertsen 2006).
Due to the unknown environmental effects resulting from salmon farms, and a
dedication to the wild salmon industry, the Alaska government has had a ban on salmon
farming in its waters. The environmental effects of salmon farming are slowly becoming
evident in the countries that have invested heavily in the industry. However, each
environmental issue is still highly debated among the relevant stakeholders within these
areas and the net environmental effects of salmon farms are still unresolved. As this
debate is likely to continue for some time, it isn’t likely that the Alaska salmon farm
moratorium is going to be lifted any time in the near future.
New marketing techniques are developed continually in Alaska in order to
increase the overall demand for salmon, as well as to help consumers recognize the
difference between the quality of farmed and wild salmon. The goal of recent marketing
is to develop niche markets where consumers and distributors will develop and maintain
loyalty to wild Alaska salmon.

Research Objectives
The overall goal of this research is to study the effects the farmed salmon boom
has had on the wild Alaska salmon industry and what further effects can be expected into
the future. Specifically, the research objectives are as follows:
To construct an international econometric model representing the salmon market
to study the effects certain aspects of salmon production have on the market. For
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example, which products compete most directly with Alaska salmon and if other
factors, such as per capita income, affect the consumer’s decision to purchase
wild salmon products over farmed salmon.
To determine the sensitivity of Alaska exvessel prices and total revenue to
changes in Chilean salmon and trout production and Alaska production of its wild
species.

Thesis Organization
The following chapter presents a background of the Alaska salmon fisheries, the
development of the salmon farming industry in foreign counties, and the historical
changes in supply, demand, and prices on the world market. In chapter 3 the theoretical
model is presented including an explanation for each behavioral equation and the
variables used. Here, economic theories and market knowledge are used to describe the
expected effects of the variables. The results of the econometric analysis are documented
in Chapter 4. Finally, Chapter 5 shows the predictions made by the sensitivity analysis
and ends with a concluding discussion.
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CHAPTER 2
BACKGROUND OF WILD AND FARMED SALMON

The Wild Alaska Salmon Fishery
Alaska’s coast, rivers, and lakes are ideal for anadromous fish such as Pacific
salmon and the waters are abundant with them. The habitat of Alaska supports five
species of salmon: sockeye or red, chinook or king, coho or silver, pink or humpies, and
chum or dog salmon (ADFG 2005). Although pink and chum are the first and third most
abundant species harvested in Alaska, respectively, they are not modeled in my study
because their meat is sold in lower-valued markets that are somewhat insolated from
world supplies of the higher-valued farmed salmon. The three Alaskan species (chinook,
coho, and sockeye) that are the focus of my study interact intensely with farmed species
(Asche 1997, Asche et al. 1999, Herrmann 1993 and 1994, Herrmann et al. 1993).
Although some sockeye salmon is still canned for sale into low-valued markets, sockeye
is the only high-valued Alaska salmon that is still primarily sold into foreign markets.
Frozen sockeye is exported to Japan where it competes with farmed Chilean coho and
farmed Chilean and Norwegian rainbow trout. Coho and chinook were once prized in the
European markets but have been largely squeezed out by ever increasing volumes of
farmed Norwegian Atlantic salmon (Herrmann 2002). Alaskan coho and chinook are now
primarily sold in the U.S. where they compete with Canadian and Chilean farmed
Atlantic salmon.
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The bulk of the Alaskan sockeye salmon harvests occur in the Bristol Bay area
during June and July. However, the Copper River sockeye fishery, which is one of the
earliest, enjoys a price premium and is often used as an indicator for whether exvessel
prices for Bristol Bay sockeye will be relatively high or relatively low each summer. The
coho salmon fishery is one of the latest in Alaska, usually occurring in late fall and early
winter, and is often underexploited due to bad weather (ADFG 2005). Chinook are the
largest of the high valued species but are also the least abundant.
The decreased prices have been difficult for the Alaska fishermen and the
communities that rely upon the economic activity associated with a vibrant fishery. In
particular, the industry’s prices have plummeted since the highs of 1988. In 1988,
Alaskan salmon fishermen harvested 534.5 million pounds and grossed $781 million for
their catches, corresponding to an average exvessel price of $1.46 per pound. By
contrast, in 2005 the harvest was up to 961 million pounds and gross revenues had
declined to $334 million value (ADFG 2007), or approximately $0.35 per pound. The
low price in 2005 and a similar price in 2004 were actually an improvement from the
most severe dip in exvessel prices in the years 2001 to 2003. The average exvessel prices
for those years were $0.29, $0.26, and $0.27 per pound, respectively, even though total
salmon harvest was between 650 and 800 million pounds each year (ADFG 2007).
Figure 2.1 shows these prices nominally and Figure 2.2 shows the same prices adjusted to
1980 dollars.
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International Salmon Aquaculture
A substantial reason for this extreme drop in price was due to increased supplies
of salmon in the world markets due to substantial and sustained growth in salmon
farming (Herrmann 1992). Salmon farming, also called aquaculture or mariculture, is the
science, art, and business of cultivating marine and freshwater food fish or shellfish under
controlled conditions (Dictionary.com 2004). In 1980, the world salmon supply was
approximately 1.1 billion pounds, with 98% coming from capture fisheries; by 2004 that
number had quadrupled to approximately 4.8 billion pounds, with 62% coming from
salmon farms (FAO 2006) (see Figure 2.3). Although tariffs and other import barriers
partially insolated the domestic salmon industry from the effects of global production
increases in domestic markets, the domestic industry was fully exposed to prevalent
world prices in international markets. These effects are inevitable pose continued
problems for the Alaska wild salmon industry.

BW ild □ Aquaculture
Figure 2.3. Total World Salmon Production, Wild and Aquaculture, 1978-2003
(million pounds)
Source: FAO 2006

Fish farmers, like those in Chile, have some seasonal and production advantages
over Alaska fishermen in the salmon market. For instance, Chile can harvest fresh salmon
in the winter months when all but a very small fraction of the Alaska harvest is complete.
In addition, salmon aquaculture has made it possible to plan production years in advance
in order to meet the needs of the market. From 1980 to 2005 total wild salmon harvests
have ranged from 508 million pounds up to 994 million pounds (ADFG 2007). Alaska
salmon runs are subject to cyclical periods of high and low abundance that are varied and
not well understood, making yearly production difficult to predict (Heard 2001). Salmon
farmers can also choose the time of their harvest dependent on the size of the salmon in
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their pen. Alaskans do not have that freedom, since salmon size is left up to nature.
Since 1970, the average weight of chinook salmon, Alaska’s largest salmon species, has
ranged from 15.41 pounds in 2005 to 19.86 pounds in 1973 (ADFG 2007).
Alaska has taken action to change their vulnerability to nature by creating salmon
enhancement programs and experimenting with hatcheries. The Alaska State Legislature
created a division within the Alaska Department of Fish and Game (ADFG) in 1971 in
order to address declining fish stocks (Heard 2001). Hatchery programs allow salmon
eggs to hatch and grow in a controlled environment, until they are juveniles and then they
are let back into the river to swim to the ocean and grow in the wild. Hatcheries have
been successful in adding to commercial harvests, but they have had the most effect on
chum and pink salmon production, while increases in production have been far less for
the coho, chinook, and sockeye that compete most closely with the farmed Atlantics,
coho, and trout species in world markets (Heard 2001).
Concern for the rapid growth of the salmon aquaculture industry in Chile has led
to some significant oversights of laws and regulations. Chilean Laws of Fisheries and
Aquaculture as of 1993 made it clear that the maintenance of cleanliness and the
ecological equilibrium of the site of aquaculture activity are the responsibility of the
concessionary or owner of an authorization (Barton 1997). However, consolidation and
restructuring of the industry since then has made it easier to regulate, inspect, and
standardize the industry to minimize negative environmental, social, and safety concerns.
In a sense, the industry has entered a period of “catching up" which includes an increased
regulatory role for the Chilean government (Olson 2005).
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In 2001, the average wage paid to Chilean workers in the salmon industry was
$199 per month, the average paid to Alaska seafood processing workers was more than
$2,100 (Gilbertsen 2003). Although, this may be a comfortable wage for the average
worker to live on in Chile, the costs to the producers clearly differ. Chile can produce
their products, spending 90% less on labor costs, and therefore sell their products for less
and put Alaskan producers in a position where their costs quickly approach their benefits,
making it much more difficult to run a successful business.
Another advantage for Chilean salmon farmers is their convenient access to fish
feed. Chile makes approximately 1.1 billion pounds of fishmeal per year (International
Fishmeal and Fish Oil Organisation 2006). The Chilean fishmeal industry is the second
highest producer in the world, but not even in the top four fishmeal exporting countries.
A large amount of fishmeal is being used domestically by Chile’s fish farmers. Often
times feed supply is integrated within the largest salmon producers, which is an
advantage, but the price and availability is still quite unpredictable (Olson 2005).
Norway produces the most farmed salmon in the world and their Atlantic salmon
and rainbow trout also compete with Alaska salmon in foreign markets. Norway began
farming salmon in the 1950s, and is still considered by many as the world leader in the
industry, but Chile has been following very close behind and it is possible that Chile will
overtake Norway in the near future. In 2004, the gap between the two countries had
decreased to less than 200 million pounds with nearly 1.4 billion pounds produced in
Norway and just over 1.2 billion pounds in Chile (FAO 2006) (see Figure 2.4).
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Year
—♦—Norway —■—Chile
Figure 2.4. Chile and Norway Aquaculture Production of Salmon and Trout, 19872004 (million pounds)
Source: FAO 2006

In 1990, the U.S. imposed a tariff on Norwegian salmon imports. This insolated
Canadian and Chilean salmon farmers from Norwegian competition and ultimately
provided an opportunity for Chile to become the principal supplier of farmed Atlantic
salmon to the U.S.. The complaint from the United States was that Norway produced
salmon at unfairly low prices due to government subsidies (Herrmann et al. 1991). The
temporary tariff in 1990 was 2.45%. It increased in 1991 and has ranged from 16 to 32
percent ever since. Although the tariff barrier was retained in the most recent review
period, continuation of these protective tariffs is presently being reconsidered. This tariff
applies to fresh, whole Atlantic salmon, so there are still some fillets and frozen salmon
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that come into the U.S. tariff-free. Norway exported nearly 29 million pounds of salmon
to the U.S. in 1989 but only 5 million pounds in 2005 (Statistics Norway 2007). Canada
and Chile filled the void left when Norway was knocked out of the U.S. market. In 2005
Canada exported 126 million pounds of farmed Atlantic salmon to the United States and
Chile exported 258 million pounds (see Figure 2.5).

Year
—♦—Canada —■—Chile —a—Norway
Figure 2.5. Exports of Atlantic Salmon to the U.S., 1982-2005 (million pounds)
Source: Statistics Canada 2007, Statistics Norway 2007, Ramirez 2006

Norway has faced trade barriers in the EU as well. Before the 1991 tariff,
Norway had been the dominant supplier of Atlantic salmon to the U.S. market. To offset
lost access to the U.S. market, Norwegian Atlantic salmon began to be aggressively
marketed in the EU. During the 1990s and early 2000s, through a combination of
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displacing U.S. chinook and coho sales and increasing overall demand for salmon,
Norway managed to gain over 80% of the EU salmon market (USDA 2005). From 1997
to 2000, Norway had a five-year agreement with the EU that promised to impose
minimum prices and restrictions on salmon imports from Norway. Due to increased
competition from around the world, in large part from Chile, the market price dropped
even lower than this minimum price. Norway was having a hard time competing, but the
agreement continued until May 2003. After this time period with many complaints from
Scotland about the agreement, there was an industry safeguard measure created by the
EU which imposed a tariff on all imports from Norway after they exceeded a specified
amount. This measure was only in place until December 2004. Even after these tariff
reforms, Norway’s primary salmon export market remains the EU which imported 59%
of Norway’s Atlantic salmon exports in 2005 (see Figure 2.6).

14

60%
50%
40%
30%
20 %
10 %

0%
Japan

US

Canada

EU

Other

Country

Figure 2.6. Country Distribution of Norway Atlantic Salmon Exports in 2005
Source: Statistics Norway 2007

Salmon Demand on the World Market
The demand for salmon is widespread throughout the world. The major salmon
importing countries/regions for fresh, frozen and canned salmon are the EU, U.S.,
Canada, and Japan. Japan is the largest, most diversified salmon market in the world
with wild and farmed species from Europe and South and North America competing in
the same market (Asche et al. 2005). It is the largest seafood consumer in the world. In
1991, fishery products accounted for about 21% of protein intake in Japan, compared
with only 8% in Norway, 4% in England, and 2% in the U.S (Knapp 1993). In addition,
salmon was the second most frequently consumed seafood in Japan (Knapp 1993).
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Japan is still one of the world leaders in salmon production, wild and farmed, with
almost 661 million pounds of salmon produced in 2004 (FAO 2006). However, of that
total, approximately 573 million pounds were chum salmon, not the higher quality
salmonoids—sockeye, coho, chinook, Atlantic salmon, and rainbow trout—for which
Japanese consumers are willing to pay much higher prices. Japan enjoys fresh Pacific
salmon seasonally, but is increasingly substituting the fresh, farmed Atlantic salmon and
rainbow trout during the times when Pacific salmon fillets and steaks are only available
frozen. Also, it is customary to give gifts of food to relatives and business clients,
particularly those that are seasonal like salmon, in July and December (Kikuchi 1987,
Kikuchi et al. 1988, and Wessels 1990 and 1991). December, being the more popular
month of the two, gives farmed salmon another advantage over wild salmon since Alaska
can only supply frozen salmon in the winter.
The United States and Chile are the main competitors in the Japanese market for
the higher-valued salmon species. While Alaska mainly exports frozen sockeye salmon
to Japan, Chile exports fresh and frozen farmed coho salmon and rainbow trout. In
addition to the previously mentioned advantages of farmed salmon over wild salmon, the
appearance of salmon is a primary concern in the Japanese market giving farmed salmon
another edge over wild salmon. Pen-raised salmon can be harvested at anytime without
the use of nets and hooks which damage salmon flesh. The salmon are bled, chilled, and
processed immediately. This is much harder to do with Alaska wild salmon that is caught
on a boat, usually with a net, and then brought to another location for processing.
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Both in 1994 and 2005, the species mix of Japanese imports of salmon and trout
has changed substantially (see Table 2.1). In 1994, 48% of Japan’s salmon imports were
sockeye, of those sockeye imports 93% came from North America (see Table 2.2). In
2005, only 25% of Japanese salmon imports were sockeye and only 55% of sockeye
imports came from North America, with most of the rest coming from Russia (Ministry
of Finance 2006). Over the same time period, Japanese imports of coho salmon, rainbow
trout, and Atlantic salmon all increased. Atlantic salmon imports increased from 8% to
14% of total salmon and trout imported by Japan. During the same period, Japanese
imports of rainbow trout increased from 12% to 23%. Almost all of the Atlantic salmon
and rainbow trout imports came from Chile and Norway. Perhaps most notably, of the
coho imported (16% of total salmon and trout imported by Japan in 1994 and 32% in
2005), 59% came from Chile and 41% from North America in 1994; in 2005, 97% of
Japanese coho imports came from Chile.
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Table. 2.1. Percent of Total Imports of Salmon
and Trout to Japan , in 1994 and 2005
Year
1994
2005
Sockeye
48%
25%
Coho
16% 32 %
Trout
12% 23%
Atlantic
8% 14%
*Total includes sockeye, coho, other Pacific salmon,
rainbow trout, Atlantic salmon, and other Atlantic species
as specified by Ministry of Finance (2006).

Table 2.2. Percent of 5Salmon Imports into Japan by Species and
Country of Origin, in ]1994 and 2005
U.S.
Canada
Chile
Norway
EU
Other

Year
1994
2005
1994
2005
1994
2005
1994
2005
1994
2005
1994
2005

Sockeye
Coho
80%
33%
54%
2%
13%
8%
1%
0%
0%
59%
0%
97%
0%
0%
0%
0%
0%
0%
0%
0%
7%
8%
45%
2%
Source: Ministry of Finance 2C)06

Trout
0%
0%
0%
0%
61%
73%
26%
22%
5%
5%
8%
0%

Atlantic
1%
2%
1%
8%
11%
12%
75%
69%
4%
6%
8%
3%

This rapid expansion of salmon production and addition of new salmon producers
is possible because the boom has been accompanied by an increase in salmon demand all
over the world. In the U.S., total salmon consumption grew from about 287 million
pounds in 1989 to over 661 million pounds in 2004 (Knapp et al. 2007). Historically,
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Japan has been the largest consumer of salmon, until recently when the EU took over in
the fresh and frozen market, with the vast majority coming from aquaculture (Knapp et
al. 2007). The increase is partly due to the inception of programs like the Alaska Seafood
Marketing Institute that was created in 1981 by the Alaska government in partnership
with the Alaska seafood industry. ASMI creates marketing campaigns primarily for the
U.S. but also for other countries that frequently import salmon, such as Japan and the EU
(Alaska Seafood Marketing Institute 2006).

Japan and Chilean Salmon Farms
Japan was a major contributor to the development of salmon farming in Chile.
Foreign aid from Japan as well as the U.S. and Canada were used for salmon-growing
experiments in Chile. In 1969, a project called the “Program to Introduce Coho Salmon
in Chile” was set up by joint efforts from the Japan International Cooperation Agency
(JICA), the Fishing and Hunting Division of Chile’s Agriculture and Livestock Service,
and the Fisheries Association of Japan (Iizuka 2004). In the following decade, the U.S.
and Canada quit exploring in Chile, Japan continued to invest directly with its company,
Nichiro Chile, and other countries such as Norway decided to operate through
partnerships with Chilean producers rather than invest directly, avoiding potential risks.
During the Pinochet era (1973-1990), Chilean salmon farming continued to grow
and innovate. Chile quickly moved to a free-market economy with increased imports and
exports and greatly reduced tariffs. Japan and Norway continued to introduce their
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salmon farming technologies to the Chilean industry, but private, foreign involvement
remained limited. Investment activities were mainly run by the Chilean government.
It was not until 1990, with the return to democracy, that the Chilean salmon
farming industry began to boom. The government opened the industry to primarily
private investors and this meant foreign investors as well. Several small and medium
firms within the production line became connected to larger conglomerates and are
referred to by some as clusters (Olson 2005). The producer with the largest yearly
export value is Marine Harvest, a Dutch conglomerate, also included in the top ten
companies are companies from Norway, Japan, and Spain, but five of the remaining top
ten companies are Chilean owned (Olson 2005).
Japan’s involvement in Chilean salmon farms has always posed a threat to the
Alaska wild salmon fisheries, but tariffs on Japanese imports of Chilean salmon gave
Alaska some advantage over farmed salmon in the Japanese market. However, in 2006,
Japan and Chile signed a free-trade agreement that eliminated all salmon import duties by
early 2007. The U.S. signed a free-trade agreement with Chile as well, but tariffs did not
exist for salmon previously, so the agreement made little difference to the U.S. salmon
market. Japan knew Chile’s new democracy would make it a safer, more dependable
area in which to invest. In addition, around the same time, Chile signed free-trade
agreements with many South American countries, making it further attractive to the
Japanese government.
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Alaska Finfish Farm Moratorium
Facing the challenge of competing with this rapidly expanding production, Alaska
needed to decide whether to allow this production method in its own waters. The second
finfish farming moratorium expired in 1990 and before the decision to renew was made,
significant re-exploring of the controversial topic occurred. The Alaska Legislature
created the Alaska Finfish Farming Task Force in 1988 to study the socioeconomic,
biological, and environmental issues related to finfish farming (Alaska Finfish Farming
Task Force 1990). In order to incorporate several perspectives, the Task Force included
one representative of the commercial salmon fishermen, one aquatic farming advocate,
one private economist, one fisheries biologist, and one public member with no
involvement in the seafood or aquatic farming industry (Alaska Finfish Farming Task
Force 1990). State employees were not permitted to participate.
Some of the environmental concerns covered by these researchers were water
quality, effects on the seabed, spread of disease to wild stocks, change in genetics of wild
stocks, and predator conflicts. The Task Force did not find any environmental or
biological issues that could not be minimized with proper location and conservative
regulation. Risk management of disease and genetic problems found in finfish farms
would be no different than for fisheries management at that time (Alaska Finfish Farming
Task Force 1990). The Task Force did not address issues such as disposal of dead fish in
hatcheries, use of antibiotics and food additives, and treatment of diseased fish because
these issues were already covered by existing regulations (Alaska Finfish Farming Task
Force 1990).
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The expansion of regulatory bodies would be a large expense to the state of
Alaska, however. Economically, the Task Force found the trade-off between the cost of
new regulation and the creation of new jobs and other benefits to be negligible. One
documentary points out that low oil revenues represented a slow economic period in
Alaska in 1988 and the introduction of any new industry was highly scrutinized (Alaska
Sea Grant College Program 1988). Although exvessel prices for wild salmon were high
at the time, the market remained uncertain especially for farmed salmon.
The Task Force also considered the effects the farmed salmon industry would
have on the marketability of Alaska wild salmon. Already in 1990, Alaska saw a decline
in demand for their salmon all over the EU and U.S. with certain niche market fisheries
taking the hardest hit. One such fishery is the fresh, troll-caught salmon which is one of
Alaska’s highest quality salmon and historically have earned a premium price (Alaska
Finfish Farming Task Force 1990). In response to the growing suspicions of the health
risks of consuming farmed fish, a new marketing campaign had recently been proposed to
emphasize Alaska’s salmon as wild and entering into the farmed salmon industry would
negate effects of this campaign. Differentiating the attributes of wild vs. farmed salmon
could have beneficial consequences for consumers’ willingness-to-pay for the attributes
of wild salmon (Wessels 2002). The introduction of salmon farms in Alaska would cause
a further disadvantage for wild salmon in the competitive market.
In conclusion, the Task Force could not support an unequivocal “yes” or “no” as
to whether any particular type of finfish farming should be permitted (Alaska Finfish
Farming Task Force 1990). It was left up to the legislature to decide, but it was strongly

recommended by the Task Force that government solidify regulations and procedures
before the current moratorium expired to avoid confusion and intrusion by foreign
conglomerates. This implied allocating appropriate funding to the project immediately
without even the possibility of profits until 1993. Given these recommendations, the
legislature decided to continue the ban in 1990. The reason given was to protect wild
stocks from the danger of disease and pollution as well as the possibility of escaped
farmed fish displacing or breeding with wild fish (Gaudet 2002).

23

CHAPTER 3
SALMON DEMAND MODEL

Introduction
Constructed market models are simplifications of the complex interactions
resulting in price formation. In the construction of market models the primary goal must
be articulated before model construction begins. Further, data availability often hinders
the modeler’s ability to build the chosen model. For this project, an international
allocation and demand equilibrium model was constructed to describe exvessel price
formation for Alaska sockeye, chinook and coho salmon using the most influential
factors (where data was available) for the time period of 1990 to 2005 with lagged
variables starting at 1989. The starting time period, 1990, was chosen because it was the
second year of exvessel prices following the historical high exvessel prices of 1988 and
marks the beginning of a period that reflects a pattern of declining prices (see Figures 2.1
and 2.2). The year 1990 also marks the beginning of a time period where, due to
increases in production of coho and Atlantic salmon and rainbow trout, Chile became a
prominent world player in salmon markets, a player on par with Norway. Figure 3.1
shows Chile’s increase in production. The growth and development of Chile’s salmon
industry is particularly important to the following analysis because Chile is the country
whose farmed salmon and trout products most directly compete in the same markets as
wild Alaska salmon whereas much of the Norwegian production has already nearly

entirely displaced Alaska salmon, such as coho and chinook, out of once prominent
markets such as the EU.

Figure 3.1. Total Chilean Production of Atlantic Salmon, Coho, and Trout, 19882004 (million pounds)
Source: FAO 2006

The model used for this project is illustrated in Figure 3.2.
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Figure 3.2. A Schematic Representation of Relationships Represented in the Model.

The model presented above is focused on understanding current markets for
Alaska salmon and as such, the model reflects those markets that are primary outlets for
Alaskan salmon and the competing supplies in those markets. For this reason, European
markets and Norwegian supplies to the European market were not represented. While it is
true that there was once a thriving market for Alaskan salmon in Europe, and that there
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may be a reemergence of a market for Alaskan salmon, sales of Alaskan salmon to
Europe were minor during 1990-2005. Similarly, although some Norwegian Atlantic
salmon was sold into the U.S. and Japanese markets during 1990-2005, the volumes were
relatively minor (see Figure 2.5 and Figure 2.6). And although farmed Norwegian
Atlantic salmon has had the largest historical influence on salmon prices (Asche 1997,
Asche et al. 1999, Herrmann 1993 and 1994, Herrmann et al. 1993), including these
additional market flows would have added considerable complexity to the model without
adding much to today’s price formation for Alaska salmon. Alaska sockeye salmon is
primarily sold in Japan and Alaska coho and chinook salmon sold in the U.S.
Over the past 17 years, Chile has exported 95% of its farmed coho and 85% of its
farmed trout to Japan, meanwhile exporting 64% of its Atlantic salmon to the United
States. Japan has been the recipient of 70% of Alaska’s frozen sockeye salmon export
and 58% of Norway’s farmed trout. Lastly, Canada exports 96% of its farmed Atlantic
salmon to the United States. These relationships are represented in the model.
The international supply and demand equilibrium model for salmon and trout
consists of 15 behavioral equations and 15 market clearing identities. The complete
system contains 30 endogenous variables and equations. The behavioral equations
include U.S. inverse demand for Chilean and Canadian Atlantic salmon; Japanese inverse
demand for Chilean coho and trout, Norwegian trout, and U.S. sockeye; the allocation of
Chilean and Canadian Atlantic salmon to the U.S.; and the allocation of Chilean coho
salmon and trout, Norwegian trout, and U.S. sockeye salmon to Japan. The behavioral
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equations also include the exvessel price formation for Alaska sockeye, coho and
chinook.
The behavioral equations and identities are listed in Tables 3.1 and 3.2. All
variables on the left-hand side of the equations are endogenous. Each equation also
contains a constant term which is not shown here. It should be noted that the equations
represented are from the final model specification and, in some cases, are not identical to
the initial model specification.
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Tab!le 3.1. Behavioral Equations for the Salmon Market Model.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

U.S. inverse demand for Chilean Atlantic salmon
CXAUPDR= f,(CXAUQC, AXAUPDR, UINCRC, CXAUQC.i)
U.S. inverse demand for Canadian Atlantic salmon
AXAUPDR= f2(AXAUQC, CXAUPDR, UINCRC, CXAUQC.i)
Japanese inverse demand for Chilean coho salmon
CXSJPYR= f3(CXSJQC, WXTJPYR, UXRJPYR, JINCRC)
Japanese inverse demand for Chilean trout
CXTJPYR= f4(CXTJQC, WXSJPYR, NXTJPYR, JINCRC, CXTJQC.j, 196)
Japanese inverse demand for Norwegian trout
NXTJPYR= f5(NXTJQC, WXSJPYR, CXTJPYR, JINCRC, 191)
Japanese inverse demand for U.S. sockeye salmon
UXRJPYR= f6(UXRJQC, CXSJPYR, WXTJPYR, JINCRC, XJQC.i, 191)
Allocation of Chilean Atlantic salmon to the U.S.
CXAUQ = f7(CXAUP, CXAYP, CXATQ, 103)
Allocation of Canadian Atlantic salmon to the U.S.
AXAUQ = f8(AXAUPR, AXATQ)
Allocation of Chilean coho salmon to Japan
CXSJQ = f9(CXSJPR, CXSTQ)
Allocation of Chilean trout to Japan
CXTJQ = f10(CXTJPR, CXTTQ, CXTJQ%.,)
Allocation of Norwegian trout to Japan
NXTJQ = fi i(NXTJPR, NXTTQ, NXTJQ%.], NPFUELR)
Allocation of Alaska frozen sockeye salmon to Japan
UXRJQ = f12(UXRJPR, ARL, UXRJQ.,)
Alaska exvessel price sockeye salmon
ARPR = f13(UXRJPR)
Alaska exvessel price chinook salmon
AKPR = f15(AKDOM, UPMEATR, ASPR, UNICRC, 194)
Alaska exvessel price coho salmon
ASPR = fi4(ASDOM, AKPR, WXSUPDR, 194)
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Table 3.2. Market Clearing Identities used in the Salmon Market
Model
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

CXAUP=((CXAUPDR)*UPPIFF)*CEXCH
CXAUQ = CXAUQC*UPOP
AXAUPR=((AXAUPDR*UPPIFF)*AEXCH)/APPIFF
AXAUQ = AXAU QC *UPOP
CXSJPR = (((CXSJPYR)*(JWPIA)*(JEXCH/CEXCH)))/CWPI
CXSJQ = CXSJQC*JPOP
WXTJPYR = ((CXTJP*(JEXCH/CEXCH)*CXTJQ+NXTJP*(JEXCH/NEXCH)
*NXTJQ)/(CXTJQ+NXTJQ))/JWPIA
CXTJPR=(((CXTJPYR)*JWPIA)*(CEXCH/JEXCH))/CWPI
CXTJQC= CXTJQC*JPOP
WXSJPYR = (((CXS JP *(JEXC H/CEXCH)) *CXSJQ
+(UXRJP *(JEXCH)) *UXRJ Q)/(CXS J Q+UXRJ Q))/JWPIA
NXTJPR=(((NXTJPYR)*(JWPIA)*(NEXCH/JEXCH))/NCPIFOOD)
NXTJQ = NXTJQC*JPOP
UXRJPR = (((UXRJPYR* JWPIA)/JEXCH)/UPPIF
URXJQ = UXRJQC/JPOP
WXSUPDR = (((CXAUP/CEXCH) *CXAUQ+( AXAUP/AEXCH) *AXAUQ)/
(CXAUQ+AXAUQ)/UPPIFF

Variable definitions and their sources are included in Table 3.3 and Table 3.4.
Note that all variables with a subscript (-1) are variables lagged one-year. Endogenous
variables are identified by asterisks.
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Table 3.3. Definitions of Variables used in the Salmon Market Model
(in alphabetical order)
AEXCH

Canada-U.S. exchange rate. (C$/U.S.$)2

APPIFF

Canada PPI Foods and Feeds3

AKDOM
AKL

Gross approximation to domestic consumption o f chinook salmon. AKDOM =
AKL *0.75 -UXKT Q4,5
Alaska chinook landings (lbs.)

AKP

Exvessel price ($/lb.) o f Alaska chinook salmon4

AKPR*

Exvessel price ($/lb.) o f Alaska chinook salmon (deflated by U PPIFF)2,4

AKREV

Exvessel revenuee ($) o f Alaska chinook salmon4AKREV=AKP* AKL

ARL

Alaska sockeye landings (lbs.)4

ARP

Exvessel price ($/lb.) o f Alaska sockeye salmon4

ARPR*

Exvessel price ($/lb.) o f Alaska sockeye salmon (deflated by UPPIFF)2,4

ARREV

Exvessel revenue ($) o f Alaska sockeye salmon4ARREV=ARP* ARL

ASDOM
ASL

Gross approximation to domestic consumption of coho salmon.
ASDOM = ASL*0.72-UXSTQ 4 5
Alaska coho landings (lbs.)4

ASP

Exvessel price ($/lb.) o f Alaska coho salmon4

ASPR*

Exvessel price ($/lb.) o f Alaska coho salmon (deflated by UPPIFF)2,4

ASREV

Exvessel revenue ($) of Alaska coho salmon4 ASREV=ASP*ASL

AXATQ

Canadian total exports of Atlantic salmon (lbs.)3

AXAUP

Price of Canadian exports of Atlantic salmon to the U.S. (C$/lb.)3

AXAUPDR*

Real price of Canadian imports ($/lb.) o f Atlantic salmon to the U.S.1

AXAUPR*

Real price of Canadian exports (C$/lb.) of Atlantic salmon to the U.S. 1

AXAUQ*

Canadian exports of Atlantic salmon to the U.S. (lbs.)3

AXAUQC*

Per capita Canadian exports o f Atlantic salmon to the U .S .1

CEXCH

Chile-U.S. exchange rate (Chile peso/U.S.$ ) 2

CXATQ

Chile total exports of Atlantic salmon (lbs.)6

CXAUP*

Price o f Chilean exports (Chile peso/lb.) o f Atlantic salmon to the U.S.6

CXAUPDR*

Real price o f Chilean exports ($/lb.) o f Atlantic salmon to the U.S.1

CXAUQ*

Chilean exports of Atlantic salmon to the U.S. (lbs.)

CXAUQC*

Per capita Chilean exports o f Atlantic salmon to the U.S.1
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Table 3.3 continued. Definitions of Variables used in the Salmon
Market Model (in alphabetical order)
CXAYP
CXSJP
CXSJPR*

Price of Chilean exports of Atlantic salmon to countries other than the U.S.
(Chile peso/lb.)6
Price of Chilean exports o f coho salmon to Japan (Chile peso/lb).6

CXSJPYR*

Price of Chilean exports (CXSJP) o f coho salmon to Japan (Chile peso/lb)
deflated by C W P I.6’7
Real price of Chilean exports (¥/lb.) of coho salmon to Japan1.

CXSJQ*

Chilean exports of coho salmon to Japan, (lbs.)6

CXSJQC*

Chilean pre-capita exports of coho salmon to Japan

CXTJP

Price o f Chilean exports o f trout to Japan. (Chile peso/lb.)6

CXTTQ

Chilean total exports of trout, (lbs.)6

CXTJPR*

Real Price of Chilean exports of trout to Japan (Chile peso/lb.)1.

CXTJPYR*

Real price of Chilean exports of trout to Japan.1

CXTJQ*

Chilean total exports of trout to Japan, (lbs.)6

CXTJQC*

Per capita Chilean exports o f trout to Japan.1

CXTJQ%_i
CXTTQ

The lagged fraction of Chile trout exports to Japan over total (lbs.)
CXTJQ%_= (CXTJQ/CXTTQ).!6
Chilean total exports of trout, (lbs.)

CWPI

Chilean wholesale price index (total)

191

Indicator variable marking 1991

194

Indicator variable marking 1994

196

Indicator variable marking 1996.

103

Indicator variable marking 2003.

JWPIA

Japanese producer price index for agricultural products (base 2000)7

JEXCH

Japan-U.S. exchange rate. (¥/$)2

JINC

Japan private final consumption expenditure, (bil. ¥) 7

JINCRC
JPOP

Real per-capita Japan private final consumption expenditure.
JINCRC=JINC/(JWPIA*JPOP).7
Japan population, (mil.)8

NCPIFOOD

Norwegian consumer price index for food 9

NEXCH

Norwegian U.S. Exchange Rate (NOR Kroners/U.S. $)2

NPFUEL

Norwegian fuel price index NPFUELR=CPI fuel/CPI food.9

NXTJP

Price of Norwegian exports (NXTJP) of trout to Japan (NOR K roners/lb.)9
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Table 3.3 continued. Definitions of Variables used in the Salmon
Market Model (in alphabetical order)
NXTJPR*
NXTJPYR*

Price o f Norwegian exports (NXTJP) o f trout to Japan (NOR Kroners/lb.)
deflated by NCPIFOOD7’9
Real price of Norwegian exports o f trout to Japan.1

NXTJQ*

Norwegian exports o f trout to Japan, (lbs.)9

NXTJQC*

Per-capita Norwegian exports o f trout to Japan.1

NXTJQ%.i
UINC

The lagged fraction of Norwegian trout exports to Japan over total (lbs.)
NX TJQ% .= (NXTJQ/NXTTQ).,9
U.S. personal income (billion $)2

UNICRC

U.S. real personal per-capita income UINCRC = UINC/(UPOP*UPPIFF)2

UPMEATR

Real U.S. price o f meat.2

UPOP

U.S. population.2

UPPIFF

U.S. Producer price index foods and feeds2

UXKTQ

U.S. total exports o f chinook salmon to Japan (lbs.5).

UXRJP

Price o f U.S. exports o f sockeye salmon to Japan ($/lb.)5

UXRJPR*
UXRJPYR*

Price o f U.S. exports o f sockeye (UXRJP) salmon to Japan ($/lb.) deflated by
UPPIFF2’5
Real price of U.S. exports o f sockeye (¥/lb.) salmon to Japan.1

UXRJQ*

U.S. exports o f sockeye salmon to Japan, (lbs.)5

UXRJQC*

Per capita U.S. exports o f sockeye to Japan.1

UXSTQ

U.S. total exports o f coho salmon to Japan (lbs.). 5

WXSJPYR*

Weighted real export price o f salmon from Chile and the United States (¥/lb.) to
Ja p a n .1
Weighted real export price o f trout from Chile and Norway (¥/lb.) to Japan. 1

WXTJPYR*
WXSUPDR*
XJQC.i

Weighted real export price o f Atlantic salmon from Chile and Canada ($/lb.) to
the United States.1
Chile and Norwegian exports of salmon and trout to Japan (lagged one-year)
(lb s.)6’9
*Endogenous variables
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Table 3.4. Data Sources for Data Sets in Table 3.3
1
2
3
4
5

6
7
8
9

See Table 3.2
Economagic. 2007. http://www.economagic.com.
Statistics Canada. Government of Canada. CANSIMS. 2007. httD://cansim2.statcan.ca/.
Alaska Department of Fish and Game (ADFG).
httD://www.cf.adf2.state.ak.us/eeninfo/finfish/salmon/salmon catch.php
National Marine Fisheries Service (NMFS). 2007. Foreign Trade Division. Foreign
Trade Information Online Database, http://www.st.nmfs.gov/stl/trade.
Ramirez, personal communication. 2006.
DSI Data Services and Information. 2007. OECD Statistics.
httD://www.statistischedaten.de/ shop/campus2.php
Web Japan. 2007. http://web-japan.org/stat/index.html.
Statistics Norwav 2007 http://www.ssb.no/enelish/

Salmon Nomenclature
Throughout this report I refer interchangeably between the usage of coho,
chinook, and sockeye and coho salmon, chinook salmon and sockeye salmon. In
addition, when I refer to a country’s production of salmon, such as Chilean Atlantic
salmon or Norwegian Atlantic salmon, this implies that the Atlantic (or other) salmon has
been produced by these countries and does not infer that they are different species as they
are not.

Salmon Demand Equations
The following demand equations are similar in a number of ways. First, all are
inverse demand functions. This is because, in agriculture and aquaculture, often times
the current price of a good is largely determined by the quantity available rather than the
quantity being determined by the price. This is due to seasonal production and goods that
are perishable and cannot be stored for long periods of time (Tomek and Robinson,
1972).
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The exports of the producing countries have been used for the model’s data (as
opposed to the importing country’s recorded imports). This is, in part, due to a shorter
time period of recorded data in Japan for individual salmon and trout species than the
data recorded for the exporting countries. For the inverse demand curves, all prices and
incomes used have been transformed into the currency of the importing country and
deflated using an appropriate price index. As the export prices are Free-on-Board (FOB),
and the importers would pay Cost/Insurance/Freight (CIF), the prices are not the actual
prices paid by the importing countries. However, lacking a time series of actual imported
prices for the time period modeled, the exported prices will serve as a proxy to imported
prices and, as long as changes in energy costs etc. remain somewhat similar between
exporting counties, this should not introduce bias into the model estimates. Using the
price index to deflate the data imposes a well-established economic property that demand
functions are homogeneous of degree zero in prices and income. In other words, if all
prices and income in the model increase or decrease by the same percentage, all else
remaining equal, demand remains unchanged (Nicholson 1998).

United States Inverse Demand Functions
Canadian and Chilean Atlantic salmon were chosen as a substitute for each other
because they are similar products, produced in a similar manner, and are the most
frequently exported salmon to the U.S. market. Virtually all of Atlantic salmon exports
to the United States originate from these two countries (see Figure 3.3). Again, Norway
once the prominent exporter of Atlantic salmon to the United States exported minor
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amounts of Atlantic salmon to the U.S. during 1990-2005, largely as a consequence of
the substantial tariffs imposed on Norwegian Atlantic salmon imported to the U.S.
Theoretically, it is important to limit the number of substitutes in a regression model to
one or two because, the prices of substitutes are often highly correlated with each other;
the inclusion of large numbers of substitutes often leads to high levels of multicollinearity
which can increase the standard errors of coefficient estimates and make it difficult to
ascertain accurate estimates of the effect of each substitute (Greene 2003).

00

■o
fi

3

O
a.
0s
1

□ Canada □ Chile □ Norway DEU □ Other
Figure 3.3. Total U.S. Imports of Atlantic Salmon by Country, 1989-2005 (million
pounds)
Source: NMFS, 2007
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United States Inverse Demand fo r Chilean Atlantic Salmon
The United States is the most important importer of Atlantic salmon from Chile
having imported an average of 64% of total Chilean Atlantic salmon exports from 1989
to 2005. Economic theory suggests that the price of Chilean Atlantic salmon exported to
the United States is dependent on the per capita quantity of Chilean Atlantic salmon
exported to the U.S., the real price of a Canadian Atlantic salmon (a substitute) exported
to the U.S., changes in real U.S. income, and the amount of Chilean Atlantic salmon that
was consumed in the U.S. the previous year. The hypothesized inverse demand function
is presented in Equation 3.1.

(3.1)

CXAUPDR= f(CXAUQC, AXAUPDR, UINCRC, CXAUQC.i)
(-)
(+)
(+)
(+)

The real price of Chilean Atlantic salmon exports to the U.S. (CXAUPDR) and its
per capita quantity supplied in the U.S. (CXAUQC) should be inversely related. As more
Chilean Atlantic salmon enters into the U.S. market, the price of the salmon is expected
to drop, all else equal. The real price of Canadian Atlantic salmon exports to the U.S.
(AXAUPDR) is theorized to be positively related to the price of Chilean Atlantic salmon
exports to the U.S. When the import price of Canadian Atlantic salmon increases
(decreases), all else equal, importers are willing-to-pay more (less) for imports of Chilean
Atlantic salmon. Real U.S. income (UINCR) is expected to be positively correlated
because salmon is expected to be a normal good which means if people have more money
to spend, they will choose to buy more salmon, all else equal. The time lag variable
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(CXAUQC.i) shows that the price of Chilean salmon is dependent on the amount of
salmon exported to the U.S. from Chile the previous year. As more consumers in the
U.S. are exposed to Chilean salmon, their preference for it grows, and with it the demand
for more in the following year, leading to an increasing price. Therefore, this variable is
expected to show a positive relationship with the price of Chilean Atlantic salmon in the
model.

United States Inverse Demand fo r Canadian Atlantic Salmon
The United States is the main importer of Canadian Atlantic salmon. The
economic theory used to formulate this equation is similar to that applied in the
development of the U.S. inverse demand model for Chilean Atlantic salmon. The price
of Canadian Atlantic salmon exported to the United States is expected to be dependent on
the per capita quantity of Canadian Atlantic salmon exported to the U.S., the real price of
Chilean Atlantic salmon (a substitute) exported to the U.S., and changes in real U.S.
income.
The only difference between this model and the Chilean equation is the final
variable. It would be expected that the demand function would be dependent on the
amount of Canadian Atlantic salmon that was consumed in the U.S. the previous year.
Instead, the model uses Chilean Atlantic salmon supply from the previous year in this
equation as well. This part of the model was not originally hypothesized, but was
determined through trial and error during the analysis. The Chilean salmon supply is the
fastest growing supply of salmon to the U.S. market, and in 2000, overtook Canada as the
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leading exporter of salmon to the United States (see Figure 3.3). While the United States
had imported salmon from Canada for many years (first wild then both wild and farmed)
the Chilean import market was still relatively new and it is hypothesized that it took time
to establish the marketing relationships where importers were as experienced with
importing from Chile as they were from Canada. By examining Figure 3.4, it is evident
that at first the Chilean import price was lower, allowing Chile to gain market share. But
these prices became similar as the Chilean exports of Atlantic salmon caught the
Canadian exports.

Figure 3.4. Canadian and Chilean Export Price of Atlantic Salmon to the U.S.,
1989-2005 ($/lb.)
Source: Statistics Canada 2007, Ramirez 2006.
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The lagged Chilean exports for Atlantic salmon to the United States measures the
reduced amount that U.S. importers were willing-to-pay for imports of Canadian Atlantic
salmon, once U.S. importers established market links with Chile, all else equal. The
leveling off of Canadian production of Atlantic salmon is possibly due to the
implementation of a moratorium on granting new site permits for salmon farms in British
Columbia beginning in 1995 (Environment News Service, Jan. 31, 2002) (see Figure
3.5). The inverse demand function is presented in Equation 3.2.

(3.2)

AXAUPDR= f(AXAUQC, CXAUPDR, UINCRC, CXAUQC.i)
(-)
(+)
(+)
(+)

Year
—♦—Canada —■—Chile —a—Norway
Figure 3.5. Total Production of Atlantic Salmon in the Three Largest Producing
Countries, 1989-2004 (mil lbs.)
Source: FAO 2006
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The real price of Canadian Atlantic salmon exports to the U.S. (AXAUPDR) and
its per capita quantity supplied in the U.S. (AXAUQC) are expected to be negatively
related as they were hypothesized to be in the equation that represented U.S. demand for
Chilean Atlantic salmon. The real price of Chilean Atlantic salmon exports to the U.S.
(CXAUPDR) is expected to be positively related to the price of Canadian Atlantic
salmon exports to the U.S. Real U.S. income (UINCRC) is expected to be positively
related to price, because Canadian Atlantic salmon is also a normal good. The difference,
again, is the time lag variable (CXAUQC.i) which was hypothesized to have a positive
relationship with the price of Chilean salmon, and is hypothesized to have a negative
relationship with the price of Canadian Atlantic salmon. As mentioned before, as more
consumers and importers in the U.S. are exposed to Chilean salmon, their preference for
it grows, and with it the future demand.
During the modeled time period (1989-2005) the Chilean Atlantic salmon
exported to the United States went from virtually nothing to far surpassing the imports of
Canadian Atlantic salmon. The reliance on imports of Canadian Atlantic salmon was
largely due to the U.S. placing tariffs of 16 to 32 percent on imports of Norwegian
Atlantic salmon in 1989. However, this has failed to significantly slow down the
importation of farmed fish, as Norwegian imports were simply replaced by imports first
from Canada and later from Chile and Canada combined (see Figure 2.4). Under
NAFTA, Canadian imports are not subject to tariffs. While consideration was given to
impose a tariff on imports of farmed Chilean salmon, it was not pursued (Herrmann
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2002); with the free-trade agreement coming into place between the U.S. and Chile,
imposition of a tariff has become increasingly unlikely.
After the U.S. placed tariffs on imports of Norwegian Atlantic salmon, Chilean
production has continued to expand and Canada’s appears to have leveled-off. It is
possible that the period of slow or negative production growth of Canadian Atlantic
salmon will end soon. In early 2002, the moratorium on new salmon farm tenures in
British Columbia was lifted, with operations of the new tenures scheduled to begin in
April of that year. The initial plan was to have slow growth with about ten new farms per
year (Environment News Service, Jan. 31, 2002). The lift of the moratorium doesn’t
seem to have had a large effect on Canadian production thus far.

Japanese Inverse Demand Functions
The next several equations were developed to describe Japanese inverse demand
for Chilean coho, Chilean trout, Norwegian Atlantic salmon, and U.S. sockeye. Again,
export data from the various countries were used instead of Japanese import data for
consistency and due to a lack of species-specific import data for Japan before 1992. In
each equation, the export prices of the other three species are used as substitutes. To
prevent extensive multicollinearity in the estimation, a weighted price for trout was used
in the salmon equations and a weighted price for salmon was used in the trout equations
(Equation 3.3).
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(3.3)

WXTJPYR=
((NXT JP YR*NXTJ Q+CXTJP YR* CXTJ Q)/(NXT J Q+CXT J Q))/J WPIA

A similar formula was used to find the weighted price for salmon using Chilean
coho prices and quantities and that of U.S. sockeye. The correlation coefficient between
the two prices is 0.70 and Figure 3.6 illustrates the similarity between the two prices.

Year
Chilean C o h o

U.S. Sockeye

Figure 3.6. Export Prices of Chilean Coho and U.S. Sockeye to Japan, 1989-2005 (in
¥/lb.)
Source: NMFS 2007, Ramirez 2006

Japanese Inverse Demand fo r Chilean Coho
Unlike the U.S. which mostly imports farmed Atlantic salmon from Chile, Japan
mostly imports Chilean farmed coho and trout. Figure 3.7 shows the distribution of
Chilean farmed species to Japan.

Year
—♦—Atlantic —■—Coho —a—Trout
Figure 3.7. Exports of Farmed Chilean Species to Japan, 1989-2005 (million
pounds)
Source: Ramirez 2006

The Japanese inverse demand equation is hypothesized to be a function of
imported quantity, the real price of imported farmed trout, the real price of imported
Alaska sockeye, and real per-capita income (see Equation 3.4).
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(3.4)

CXSJPYR= f(CXS JQC, WXTJPYR, UXRJPYR, JINCRC)
(-)
(+)
(+)
(+)

Similar to the previous equations, the quantity of Chilean coho on the Japanese
market per capita (CXSJQC) will, theoretically, have a negative relationship with the real
price of Chilean coho (CXSJPYR), all else equal. As the price of either U.S. sockeye
(UXRJPYR) or the weighted price of Chilean or Norwegian trout (WXTJPYR) increases,
all else equal, the price of Chilean coho is expected to rise as well. Finally, Chilean coho
is expected to be a normal good, so its price is expected to be positively related to real
Japanese income (JINCRC).

Japanese Inverse Demand fo r Chilean Trout
As shown in Figure 3.7, Japanese importers are also an important market for
Chile’s farmed trout. The price of Chilean trout on the Japanese market is hypothesized
to depend on the variables included in Equation 3.5.

(3.5)

CXTJPYR= f(CXTJQC, WXSJPYR, NXTJPYR, JINCRC, CXTJQC.i, 196)
(-)
(+)
(+)
(+)
(+)
(?)

If the per capita quantity of Chilean coho exported to the Japanese market
(CXTJQC) increases, all else equal, it is expected that its price (CXTJPYR) will
decrease, and vice versa. The model uses prices from two substitutes: the weighted price
of Chilean coho and U.S. sockeye (WXSJPYR) and the price of Norwegian trout
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(NXTJPYR). The prices of each of these substitutes are expected to show a positive
relationship with the price of Chilean trout, all else equal. As previously explained, an
increase in real per capita Japanese income (JINCRC), all else equal, is expected to
increase the price of Chilean trout to increase as well, and vice versa. Next, this equation
includes a lagged variable that represents the quantity of Chilean trout exported to Japan
the previous year (CXTJQC.i). This variable is expected to show a positive relationship
to the price of Chilean trout, all else equal. As was hypothesized in the U.S. inverse
demand function for Chilean trout, the positive relationship is assumed because Chilean
coho salmon is a relatively new product to Japan (in comparison, for instance, the long
history that Japan has in importing wild Alaska salmon) and because importer and
consumer preferences for Chilean coho are still being formed. Finally, in order to
address model misspecification the indicator 196 was included in the equation. (The
nature of this variable and the rational for its inclusion will be discussed in Chapter 4.)

Japanese Inverse Demand fo r Norwegian Trout
The price of Norwegian trout exported to Japanese is modeled by the following:

(3.6)

NXTJPYR= f(NXTJQC, WXSJPYR, CXTJPYR, JINCRC, 191)
(-)
(+)
(+)
(+) (?)

Similar to the previous equations, the real price of exported Norwegian trout to
Japan (NXTJPYR) and the per-capita quantity exported (NXTJQC) are expected to have
a negative relationship, all else equal. The same weighted salmon price (WXSJPYR) that
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was used in the Japanese inverse demand function for Chilean trout is used here. The
weighted salmon price was used along with the price of Chilean trout on the Japanese
market (CXTJPYR) to represent substitutes and each is expected to exhibit positive
relationships with the price of Norwegian trout, all else equal. Next, real per capita
Japanese income (JINCRC) has the same role in this model as similar variables had in the
other equations described above. If income increases, all else equal, consumption of
Norwegian trout is expected to increase as well as its price. As in the model of Japanese
inverse demand for Chilean coho salmon, an indicator variable is used to address model
specification, this time marking 1991. (The nature of this variable and the rational for its
inclusion will be discussed in Chapter 4.)

Japanese Inverse Demand fo r United States Sockeye
Figure 3.8 shows the increasing imports of farmed salmon into Japan and
concomitant decreases in imports of U.S. sockeye salmon. Consequently, increased
imports of farmed salmon and trout can be expected to exhibit a different effect on the
Japanese inverse demand for U.S. sockeye than was expected in the other Japanese
inverse demand functions. The hypothesized relationship is described in Equation 3.7.
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Year
------- Chilean Coho
—*— US Sockeye

—■— Chilean Trout

— a— Norwegian Atlantic

Norwegian Trout

Figure 3.8. Quantity of Salmon and Trout Species Most Frequently Exported to
Japan, 1989-2005 (million pounds)
Source: Statistics Norway 2007, NMFS 2007, Ramirez 2006

(3.7)

UXRJPYR= f(UXRJQC, CXSJPYR, WXTJPYR, JINCRC, XJQC-i, 191))
(-)
(+)
(+)
(+)
(-)
(?)

This function is similar to the other Japanese inverse demand equations in that the
quantity of U.S. sockeye exported to Japan per capita (UXRJQC), all else equal, is
expected to be negatively related to the price of U.S. sockeye exported to Japan
(UXRJPYR). Also, a rise (decline) in the price of Chilean coho exported to Japan
(CXSJPYR) or the price of Norwegian and Chilean farmed trout exported to Japan
(WXTJPYR), all else equal, is expected to increase (decrease) the price of U.S. sockeye.
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Real per capital Japanese income (JINCRC) has the same expected, positive relationship
as in the other equations. Because of the incredible fifteen year period where Alaska
sockeye salmon dominated the Japanese market to today, where it was pretty much
relegated to a niche market, we included the lagged quantity of Japanese imports of
farmed salmon and trout from Chile and Norway (XJQC.i). Because these species were
relatively new in 1989, it could be expected that it might take Japanese importers some
time to establish market channels for these products. Thus, over time, it could be
expected that imports of Chilean and Norwegian salmon would have an increasingly
negative effect on the price of sockeye salmon from the United States. This captures the
dynamic effect that goes beyond switching from Alaska to farmed salmon due to current
import prices alone. Finally, in order to address model misspecification the indicator 191
(as it was in the Japanese inverse demand equation for Chilean trout) was included in the
equation. (The nature of this variable and the rational for its inclusion will be discussed
in Chapter 4.)

Salmon Allocation Equations
In this study, I do not model the factors affecting the supply of the raw product.
For wild salmon, supply is determined by nature and upper limits on catches are set to
reflect biological perceptions of harvest levels that will not compromise the long-run
reproductive capacity of the stock. The amount of salmon caught each year is limited by
a quota. In other words, the supply of salmon is fixed beyond a certain price. Although
on some occasions the salmon price will dip low enough that not all the salmon is
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harvested, this is usually not the case. So an allocation equation is used to show how
much of each species is being imported into each foreign market which represents the
supply portion of the economic model.
Certainly, in the case of farmed salmon, the supply is less fixed. It is this fact that
has allowed long-run growth which has severely depressed wild salmon prices
(Herrmann 2002). Modeling the supply of farmed salmon and trout is beyond the scope
of this work. However, in the simulation sections I will examine a variety of production
scenarios or “what i f ’ questions. For example, what if the price of farmed salmon and
trout feed were to continue to drop? How might farmed supplies subsequently increase?
I will then use the model to examine the possible effects on world salmon prices.
Economic theory suggests that allocation equations can be determined by a
number of factors. First, obviously, the total export supplies are very important in
determining current allocation. If the market is dominated by a single importer then the
real export price was first included as well as the export price to all other regions to see if
any price arbitrating may have been occurring. If the export prices to other regions were
not statistically significant they were dropped because it is not clear in single-dominated
markets if competing prices are an important determinant of allocation. Other factors that
were examined include the real price of fuel and a lagged export variable to capture
momentum. The following equations are the final equations and were not necessarily
hypothesized as is, but rather, evolved through trial and error during the analysis.
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Allocation o f Chilean Atlantic Salmon to the U.S.
Equation 3.8 describes the allocation of Chilean Atlantic salmon to the United
States.

(3.8)

CXAUQ = f(CXAUP, CXAYP, CXATQ, CXAUQ.j, 103)
(+)
(-)
(+)
(+)
(?)

The quantity of Chilean Atlantic salmon exported to the U.S. (CXAUQ) is
expected to be positively related to the real price Chilean producers receive for their
salmon from U.S. distributors (CXAUP) and negatively related to the price received by
all other countries (CXAYP), all else equal. Although the United States has dominated
the Chilean Atlantic salmon export market from 1989-2005 still approximately one-third
of the Chilean salmon exports during this time went to other countries. Because these
other countries are scattered, CXAYP is an exogenous variable. As total exports rise, it is
expected that an increase in the total quantity of Atlantic salmon available (CXATQ), all
else equal, would increase the quantity exported to the United States. Lastly, the quantity
of salmon imported by the U.S. the previous year (CXAUQ.i) all else equal, is expected
to have a positive relationship with the quantity imported during the current year due to
increasing exports making it easier to establish long-term relationships as time moves on.
Finally, in order to address model misspecification the indicator 103 (marking 2003) was
included in the equation. (The nature of this variable and the rational for its inclusion
will be discussed in Chapter 4.)
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Allocation o f Canadian Atlantic Salmon to the United States
The allocation equation for Canadian Atlantic salmon (see Equation 3.9) to the
United States is very simple due the United States being the only major market for
Canada’s Atlantic salmon (see Figure 3.9).
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Figure 3.9. Canadian Exports of Atlantic Salmon by Recipient Country, 1988-2005
(million pounds)
Source: Statistics Canada 2007

(3.9)

AXAUQ - f(AXAUPR, AXATQ)
(+)
(+)

The quantity of Canadian Atlantic salmon allocated to the U.S. market (AXAUQ)
is hypothesized to be a function of the real price of that Canadian Atlantic salmon
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producers receive from United States distributors (AXAUPR) and the total quantity of
Canadian Atlantic salmon available for export (AXATQ). Both factors are expected to
have a positive relationship with the quantity of Canadian Atlantic salmon allocated to
the U.S. when all other factors remain equal.

Allocation o f Chilean Coho to Japan
Figure 3.10 illustrates the extent to which exports of Chilean coho have been
dominated by the Japanese market. This means the allocation equation for Chilean coho
is similar to the allocation of Canadian Atlantic to the Unites States (see Equation 3.10).

Figure 3.10. Exports of Chilean Coho by Recipient Country, 1989-2005 (million
pounds)
Source: Ramirez 2006
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(3.10)

CXSJQ = f(CXSJPR, CXSTQ)
(+)
(+)

The quantity of Chilean coho exported to the Japanese market (CXSJQ) is
expected to have a positive relationship with the price Chilean coho producers receive
from Japanese distributors (CXSJPR), all else equal. Also, a positive relationship is
expected, all else equal, between the quantity of Chilean coho on the Japanese market and
the total quantity of Chilean coho available for export (CXSTQ).

Allocation o f Chilean Trout to Japan
From 1989-2005 approximately 85% of Chilean farmed trout exports went to
Japan. However, the function, Equation 3.11, for Chilean trout allocated to Japan is
slightly more complicated than the previous two models.

(3.11)

CXTJQ = f(CXTJPR, CXTTQ, CXTJQ%.,)
(+)
(+)
(+)

The quantity of Chilean trout allocated to Japan (CXTJQ), is expected to show a
positive relationship with its price on the Japanese market (CXTJPR), all else equal.
Also, if the total quantity of Chilean trout available for export (CXTTQ) increases, all
else equal, it is expected that the quantity exported to Japan will increase as well. To
solve a model misspecification problem another variable was added (CXTJQ%.i) which
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is the fraction of the total Chilean production of trout that went to Japan the previous year
(CXTJQ%.i). This variable is also used in the Norwegian allocation of farmed trout to
Japan. In both of these situations, the product is relatively new and it takes time to build
up the marketing chain. It is hypothesized that as the market share of the exported
species has increased in Japan, it has become easier to export to Japan, all else equal. If
this variable, marking the past share of Chilean coho exported to Japan increases, all else
equal, it is expected that the quantity exported to Japan in the current year will also
increase.

Allocation o f Norwegian Trout to Japan
Equation 3.12 describes the allocation of Norwegian trout to the Japanese market.

(3.12)

NXTJQ = f(NXTJPR, NXTTQ, NXTJQ°/<m , NPFUELR)
(+)
(+)
(+)
(-)

Three of the four factors that affect the quantity of Norwegian trout exported to
the Japanese market (NXTJQ) are expected to show positive relationships when all else is
held equal. These three factors are: the real price received by Norwegian trout producers
from Japanese distributors (NXTJPR), the total amount of Norwegian trout available for
exportation (NXTTQ), and the percent of total exports that went to Japan during the
previous year (NXTJQ%.i).
The difference between this allocation equation and the allocation of Chilean trout
to Japan is that the real price of fuel in Norway (NPFUELR) was significant (and
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negative) in this equation. Although it would be expected that the price of fuel be
important in the Chilean allocation equations, Chile allocated 95% of its farmed coho and
85% of its farmed trout exports to Japan while Norway exported just 58% of its trout to
Japan during this period. So, it may be that with more options, energy prices are more
influential in the choice of export market for Norway than Chile. It needs to be
mentioned that Russia is now the largest importer of Norwegian farmed trout (surpassing
Japan in 2004). However, Russia historically imported so little Norwegian farmed trout
that its imports were not recorded until 1999. Therefore, because of the late entry into the
market the Russian market could not be modeled explicitly.

Allocation o f United States Sockeye to Japan
The allocation of Alaska frozen sockeye to the Japanese market is described in
Equation 3.13.

(3.13)

UXRJQ = f(UXRJPR, ARL, UXRJQ.i)
(+)
(+)
(+)

The quantity of U.S. sockeye allocated to Japan (UXRJQ) is expected to show a
positive relationship with the real price the exporters receive for the product from
Japanese distributors (UXRJPR) and Alaska sockeye landings (ARL), all else equal. A
positive relationship would also be expected between sockeye allocation and the quantity
of sockeye allocated to the Japanese market the previous year. Although the majority of
Alaska sockeye landings are frozen and exported to Japan a non-trivial amount is canned.
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In my initial allocation specifications I included the canned salmon price but it was not
statistically significant. Only 35% of sockeye salmon was canned from 2000-2004 with
11.4% of that canned sockeye being exported to the United Kingdom (Knapp et al.,
2007).

Alaska Exvessel Price Equations
There are three exvessel price equations of interest. First is sockeye salmon,
easily the most-valued salmon in Alaska. In 2005, the sockeye salmon value was 62% of
the total Alaska salmon production (chinook, coho, sockeye, chum and pink salmon).
The highest-price salmon is chinook salmon. In 2005 the exvessel price of chinook
salmon was $2.27, over $1.50 higher than the next closest, coho salmon, which is my
third exvessel price equation.
The three equations are very different in how they can be modeled. The vast
majority of the sockeye salmon is frozen and exported to Japan. The remainder is mostly
canned and exported or consumed domestically. Very little sockeye salmon is consumed
domestically either fresh or frozen. By contrast, nearly all chinook salmon is consumed
domestically. Likewise, the majority of the coho salmon is consumed domestically;
however a larger proportion of coho than chinook is exported. It should be noted that
historically, chinook and coho had strong export markets in Europe but, since 1990, sales
of chinook and coho into Europe have been almost entirely displaced by sales of
Norwegian farmed Atlantic salmon (Herrmann 2002).
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Alaska Exvessel Price fo r Sockeye
Because the vast majority of sockeye salmon is exported to Japan, it can be
anticipated that the Japanese price drives the exvessel price. Further statistical evidence
comes in support of this assumption, finding that the price of canned salmon was not
statistically significant in the sockeye allocation equation. The specification for the
Alaska exvessel sockeye price equation is Equation 3.14.

(3.14)

ARPR = f13(UXRJPR)
(+)

This equation is very simple. The real Alaska exvessel price for sockeye salmon
is modeled as a mark-down relationship to the real sockeye salmon export price to Japan.
As Japan is still the dominant market for sockeye it is hypothesized that the exvessel
price is largely determined by the Japanese export price.

Alaska Exvessel Price fo r Chinook
The equation for the Alaska exvessel price of chinook salmon is different because
virtually all the chinook salmon is consumed domestically. Therefore, the equation is
modeled as a reduced-form equation (see Equation 3.15).

(3.15)

AKPR = fi5(AKDOM, UPMEATR, ASPR, UNICRC, 194)
(-)
(+)
(+)
(+)
(?)
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A very gross approximation to domestic consumption is AKDOM which is the
recovered landings less total current exports. With the incredibly unfortunate decision by
NMFS to discontinue the collection of cold storage fish holdings in 2002, it is no longer
possible to obtain consistent estimates of domestic disappearance. In past salmon studies
inventories have been a vital component of the modeling effort (Herrmann 1993 and
1994, Herrmann et al. 1993). However, for this study AKDOM will have to suffice. It is
hypothesized that as net landings (net of exports) rise, all else equal, that price should

Originally, it was hypothesized that the two most significant substitutes for
chinook salmon might be the imports of Atlantic salmon from Chile and Canada.
However, this hypothesis was not supported in estimation and it probably should not be
surprising in that the chinook salmon is somewhat unique as a salmon. Chinook has the
lowest landings of any of the Pacific salmon and is the highest priced. In fact, the
exvessel (raw) price of chinook salmon is comparable with the first import price of
Atlantic salmon. Most chinook salmon is consumed on the West Coast where it has a
historically strong presence. However, its closest historical salmon competitor, coho
salmon (ASPR), with a slightly higher domestic consumption value (due to higher
landings) was not found to be a strong substitute species. Finally, meat price
(UPMEATR) in general was significant in the equation.
In order to address model misspecification, the indicator 194 (marking 1994) was
included in the equation. (The nature of this variable and the rational for its inclusion
will be discussed in Chapter 4.)

Alaska Exvessel Price Coho
The equation for the exvessel price of coho salmon was difficult to model,
probably because of the mix of exports and domestic consumption (see Equation 3.16).

(3.16)

ASPR = f14(ASDOM, AKPR, WXSUPDR, 194)
(-)
(+)
(+)
(?)

The Alaska coho real exvessel price was modeled as a function of the gross
approximation to domestic consumption (ASDOM), the real exvessel price of chinook
salmon (AKPR), the real weighted export price of Atlantic salmon from Chile and
Canada, and an indicator variable marking 1994 (194) that will be discussed in the
estimation section. Again, it is expected that as net landing (net of total exports)
increases, that the exvessel price will decline, all else equal. As in the exvessel price
equation for chinook salmon where coho was found to be a substitute, chinook salmon
was found to be a substitute for coho and thus their prices positively associated. In the
coho salmon equation, the import price of Atlantic salmon was also found to be positive
and significant indicating that the imports of Atlantic salmon affect the price of Alaska
coho salmon. Coho salmon is less of a niche product in the United States and therefore
more likely than chinook to be affected by increases in the Atlantic salmon imports.
Initially, income was also included in the equation but the parameter was not the correct
sign and statistically insignificant.
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CHAPTER 4
ECONOMETRIC MODEL RESULTS

Salmon Market Model Estimation
The salmon market model features fifteen behavioral equations to be estimated
and fifteen identities to make the system complete (thirty endogenous variables and
equations). Estimation and sensitivity analyses were performed using the Statistical
Analysis Software (SAS) 9.1 (SAS 2007). Parameter estimates were obtained using
seemingly unrelated regression estimation (SUR) to improve efficiency by accounting for
error terms that are related across equations (Kennedy 1998). SUR is a form of
generalized least squares (GLS), an estimation procedure that uses estimates of the
variance-covariance matrix to adjust parameter estimates across equations. When the
errors are strongly correlated across equations, the efficiency gains from using a GLS
method can be substantial.
Because the system of equations contains right-hand-side (RHS) endogenous
variables, and these endogenous variables are correlated with the error terms, an
instrumental variables approach is often used to obtain consistent estimators. A common
instrumental variable approach that combines two-stage-least squares (2SLS) with the
SUR methods is the three-stage-least-squares (3SLS) estimation procedure. This has
been often used in fishery models (e.g. Herrmann and Greenberg 2007). In the first stage
of (3SLS) it is necessary to estimate the instrumental variables, which is commonly done
by regressing the RHS variable on all exogenous variables in the system (Kennedy 1998).
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However, in our system with limited data (17 years) and fifteen behavioral equations, it
was not possible to estimate the instrumental variables in this fashion as there were more
exogenous variables in the system than annual observations. Therefore, rather than using
a subset of exogenous variables to estimate the instrumental variables, I decided to forego
the instrumental variable approach to avoid the risk of producing a poor instrument to
replace the RHS endogenous variables.
Within the SAS software the PROC MODEL procedure and FIT statement were
used to invoke the SUR estimation. For each equation the Durbin-Watson (DW) statistic
was also estimated. The DW statistic is often used as an indication of first-order
autocorrelation. First-order autocorrelation may arise due to many different situations
such as spatial autocorrelation, prolonged influences of shocks, inertia, and data
manipulation (Kennedy 1998). For these causes there are standard autocorrelation
procedures to produce estimators which are asymptotically efficient in comparison to the
standard estimation procedures. However, autocorrelation can also arise as a result of
incorrect specification of functional form or lag structure, or through the omission of
important explanatory variables. When autocorrelation arises from model mis
specification, coefficient estimates will be biased and the bias cannot be eliminated with
the standard autocorrelation procedures. In all cases, to protect against an incorrect
m odel specification I approached the solution to autocorrelation by trying different

functional forms and searching for omitted variables. In the model I started with the
linear-linear functional form because it allows elasticities to change directly with changes
in the levels of both the independent and dependent variable. However, where the linear
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functional form appeared to induce serially correlated errors we explored log-linear,
linear-log, and double log functional forms. In addition to examining different functional
forms, we tested models that included variables that were not originally theorized to be
important in the variation in the dependent variable but that, upon further research, were
found to be influential. For example, the inclusion of indicator variables to account for
changes in market relationships that were exogenous to relationships modeled in the
equation system. All of my final DW statistics lie, at least, within the inconclusive region
of the DW test so that the hypothesis of no first-order autocorrelation cannot be rejected
at a = 0.05.
Finally, because there were several substitute prices used for some of the demand
equations the problem of multicollinearity arose. Multicollinearity occurs when some of
the RHS variables are highly correlated with one another. In this instance it is difficult to
separate out the individual effects of the variables because the estimated parameters have
very high standard errors (Judge et al. 1982). Multicollinearity arose a few times in the
demand modeling and was corrected by replacing the offending variables (e.g., imports
of Norwegian and Chilean trout) with their weighted averages.
The estimated coefficients in the model indicate the magnitude and direction
(positive or negative) of the effects that each independent, or predetermined, variable has
on the dependent variable, holding all other independent variables constant. The
statistical significance of the individual estimated parameters is indicated by their pvalue. The p-value is the probability of a type I error for the hypothesis of no effect. The
one-sided p-value was used when the parameter’s sign could be signed a priori; a two
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sided p-value was used when the parameter could not be signed a priori. Elasticities (or
flexibilities) were used to gauge the relative influence of explanatory variables because it
can be difficult to interpret parameter influence when the dependent variable is a
transformation of the variable of interest. Elasticities (and flexibilities) are scale-free
measures of the responsiveness of the independent variable to changes in the dependent
variable, all else equal.
The mean-level elasticities (and flexibilities) are found using the formula
e = ( ^ / /d x ) ( / /y ) were e

^ e elasticity (or flexibility),

is the partial derivative of

y with respect to x, and y and x are the mean-level values of y and x, respectively.
Elasticities represent percentage changes in the independent variable given a one-percent
change in the corresponding dependent variable, all else equal. Elasticities are referred to
as flexibilities when the dependent variable is price (as opposed to quantity) in demand
equations. Model performance is also gauged by the coefficient of determination, R2,
which indicates the percent of the observed changes in the dependent variable that is
accounted for by the model estimates.

64

United States Inverse Demandfor Chilean Atlantic Salmon

Table 4.1. Dependent Variable: Price of Chilean Atlantic Salmon
Exported to the U.S.: CXAUPDR
Variable
Per capita Chilean Atlantic
salmon exports to the U.S.
CXAUQC
Real price of Canadian Atlantic
salmon exports to the U.S.
AXAUPDR
U.S. real personal income.
UINCRC
CXAUQC lagged one year.
CXAUQC. i
Constant

Estimated
Coefficient
-2.0E-5

P-values

Mean-Level Flexibility

<0.0001

-0.460

0.705

<0.0001

0.847

77.895

<0.0001

0.936

1.8E-5

<0.0001

0.362

-0.012

0.0015

R2 = 0.84
DW = 1.81

This model explains 84% of observed variations in the real import price of
Chilean Atlantic salmon in the U.S. market. The one-sided p-values show statistical
significance at the 0.05 level for all independent variables. The quantity of Chilean
Atlantic salmon exports to the U.S. has a negative coefficient, as expected. The price of
Canadian Atlantic salmon, U.S. real personal income, and the lagged quantity of Chilean
Atlantic salmon exports to the U.S. all have positive coefficients as is consistent with
economic theory and knowledge of the market.
The flexibilities for this equation show some responsiveness of price to quantity.
The own-price flexibility of -0.46 indicates that the price of Chilean Atlantic salmon can
be expected to decrease by almost 0.5% with each additional 1% increase in the quantity
imported, at the mean, and all else remaining equal. This indicates that there is the
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potential for Chilean Atlantic salmon export revenues to increase with increases in the
exported quantity of Chilean Atlantic salmon because increases in exports are estimated
to bring about a smaller percentage decreases in price, all else equal. The price flexibility
with respect to the quantity supplied the previous year is 0.36, all else equal. Since this is
a positive number, the willingness to pay for Chilean Atlantic salmon is estimated to
increase as more consumers are exposed to the product during the previous year; the
demand curve shifts out by approximately 0.36% for every 1% increase of the previous
year’s imports.
The model confirms that Chilean Atlantic salmon and Canadian Atlantic salmon
are significant substitutes in the United States. The estimated cross-price flexibility
indicates that, at the mean, a 1% increase in the price of Canadian Atlantic salmon would
lead to a 0.85% increase in the price of imported Chilean salmon, all else equal. The
flexibility associated with the income variable is nearly unit responsive. Consequently, a
one-percent increase (decrease) in real per-capita income is estimated to increase the real
price of imported Chilean Atlantic salmon by 0.94%. This is consistent with economic
theory for normal goods.
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United States Inverse Demandfor Canadian Atlantic Salmon

Table 4.2. Dependent Variable: Price of Canadian Atlantic Salmon
Exported to the U.S.: AXAUPDR
Variable
Per capita Canadian Atlantic
salmon exports to the U.S.
AXAUQC
Real price of Chilean Atlantic
salmon exports to the U.S.
CXAUPDR
U.S. real personal income.
UINCRC
CXAUQC lagged one year.
CXAUQC-1
Constant

Estimated
Coefficient
-2.0E-5

P-values

Mean-Level Flexibility

<0.0001

-0.217

0.233

0.002

0.193

40.905

0.001

0.409

-6.4E-6

<0.0001

-0.107

0.017

<0.0001

R2 = 0.93
DW = 1.73

The functional form used for the U.S. inverse demand for Canadian Atlantic
salmon is also linear. The model explains 93% of the observed variation in the real price
of Canadian Atlantic salmon imported to the U.S. market. Again, the one-sided p-values
for all estimated coefficients of the independent variables are statistically significant at
a = 0.05. The positive and negative signs on the estimated coefficients accord with
expectations.
As in the U.S. inverse demand for Chilean Atlantic salmon, Chilean and Canadian
Atlantic salmon are found to be statistically significant substitutes in this equation as
well. A 1% increase in the quantity of Chilean Atlantic salmon, at the mean, decreases
the price of Canadian Atlantic salmon by 0.19%. This is quite a bit lower than found in
the U.S. demand for Chilean Atlantic salmon however. It appears that the reason for this
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difference is that the downward effect of increases in the price of imported Chilean
salmon on the price of imported Canadian Atlantic salmon is not just reflected in the
substitute price but also in the lagged-value of the quantity of Chilean Atlantic salmon
supplied into the U.S. market. The lagged quantity variable captures the effect of the
increasing ease of importation of Chilean Atlantic salmon into the U.S. market and its
long-run effect on the price of Canadian Atlantic salmon, an effect that is not fully
captured by the year-to-year fluctuations in the price of Chilean Atlantic salmon. A 1%
increase in the quantity of Chilean Atlantic salmon exported to the U.S., at the mean, is
expected to decrease the price of Canadian Atlantic salmon by 0.11% the following year,
slowly shifting the demand for Canadian Atlantic salmon inward.
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Japanese Inverse Demandfor Chilean Coho

Table 4.3. Dependent Variable: Price of Chilean Coho Exported to
Japan: CXSJPYR
Variable
Per capita Chilean coho
exports to Japan. ln(CXSJQC)
Weighted real price of
Chilean and Norwegian trout
exports to Japan.
ln(WXTJPYR)
Real price of U.S. sockeye
exports to Japan.
ln(UXRJPYR)
Real, per capita Japanese
private final consumption
expenditure. ln(JINCRC)
Constant

Estimated
Coefficient
-71.338

P-values

Mean-Level Flexibility

0.0002

-0.361

214.889

<0.0001

1.086

22.431

0.076

0.113

293.416

0.003

1.483

-2351.55

0.0004

R2 = 0.89
DW = 2.31

The estimated model explains 89% of the observed variation in the willingnessto-pay for Japanese imports of Chilean coho. The linear-log functional form was used to
correct for an apparent model misspecification indicated by serial correlated error terms
in the linear model. For all equations the linear functional form was the default so that
the elasticities could vary with both the mean-level value of the dependent and
independent variable. However, using the degree of serial correlation in the error terms
as a possible indication of an incorrect functional form, alternative functional forms were
used when substantial serial correlations were found in the residuals to the linear model.
The price flexibility associated with the quantity of Chilean coho exported to
Japan is negative, all else equal, and its coefficient is statistically significant at a = 0.05.
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The variable coefficient for the price of U.S. sockeye imports was statistically significant
at a = 0.10, a commonly accepted type I error level in economic statistical modeling.
Trout imports from Chile and Norway had a very low probability of a type I error and
exhibited a mean-level cross-price flexibility of near unity (1.09). Imports of U.S.
sockeye salmon had a substantially smaller effect on the price of imported Chilean coho.
It was estimated that a one-percent increase (decrease) in the price of U.S. sockeye
salmon would decrease (increase) the Japanese import price of Chilean coho salmon by
0.11 percent. This may indicate that remaining levels of sockeye salmon now sold into
Japan have settled into niche markets where it does not have the substantial substitution
effect as it once did. The Japanese income variable has a mean-level flexibility of 1.48,
indicating that the price of Chilean coho increases 1.48% with each percentage increase
in the Japanese income at the mean, all else equal.
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Japanese Inverse Demandfor Chilean Trout

Table 4.4. Dependent Variable: Price of Chilean Trout Exported to
Japan: CXTJPYR
Variable
Per capita Chilean trout exports
to Japan. CXTJQC
Weighted real price of Chilean
coho and U.S sockeye exports
to Japan. WXSJPYR
Real price of Norwegian trout
exports to Japan. NXTJPYR
Indicator variable equaling one
in 1996 and zero elsewhere. 196
Real, per capita Japanese
private final consumption
expenditure. JINCRC
CXTJQC lagged one year.
CXTJQC.,
Constant

Estimated
Coefficient
-9.0E-5

P-values

Mean-Level Flexibility

0.0007

-0.266

0.124

0.167

0.119

0.477

0.005

0.485

-33.649

0.0028

-0.010

0.024

0.249

0.229

7.3E-5

0.002

0.193

52.074

0.231

R2 = 0.73
DW = 1.56

There was less explanatory power in the RHS variables in inverse demand for
Chilean trout than in the first three demand equations. The R indicates that 73% of the
variability in the real price of Chilean trout imported into Japan was explained by the
model. The Durbin-Watson test of 1.56 was lower than the equations previously
discussed, but well above the lower bound of the inclusive range (0.544).
It was estimated that a 1% increase (decrease) in Chilean trout exported to Japan
at the mean is expected to decrease (increase) the price of Chilean trout by 0.27%. Also
statistically significant, is the lagged per capita quantity of Chilean trout exported to
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Japan; every 1% increase in Chilean trout exports is estimated to increase price by 0.19%
in the following year, all else equal.
The coefficient associated with Japanese consumption expenditures returned a
Type I error probability of 0.25. The p-value associated with the coefficient on the real
weighted price of salmon imports is 0.167. However, economic theory and knowledge
about the market suggest that both of these explanatory variables are important
determinants of the real price of exports of Chilean trout to Japan and, as was discussed
earlier, it was considered better to leave these variables in the equation than to risk the
biases associated with the omission of relevant explanatory variables. Japanese imports
of Norwegian trout had a statistically significant p-value. The associated price-flexibility
indicates that for every 1% increase (decrease) in the price of Norwegian trout at the
mean is expected to result in a 0.49% increase (decrease) in the price of Chilean trout in
the Japanese market, all else equal.
The indicator variable (196) was included in the equation in order to correct a
model misspecification. The price estimated by the model for 1996 was substantially
higher than the actual price suggested by the initial model. The DW indicated severe
autocorrelation indicating the possibility of model misspecification. So the 196 variable
was included in the equation and its statistically significant (p-value = 0.001), negative
parameter subtracts from the demand line and more closely predicts this outlier year.
There are some indications in trade journals as to why 1996 might have been an outlier
(lower price than predicted by the original model). According to the Bill Atkinson News
Report (1996), imports of Chilean trout production were expected to reach 45,000 tons
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with approximately 95% being exported to Japan where it would have been used for
sashimi and therefore earn a higher price. However, the article notes that:

The importers expect the Chileans to start negotiations for 4-6 lb. trout at about
$4.80/kilo ($2.18/lb) FOB Chile, or a Japan wholesale cost of about ¥650/kilo
($2.69/lb). With the potentially weak demand for trout to be used for sashimi, the
majority of this year’s Chilean trout will probably be processed into tei-en salted
fillets. Based on this expected usage, the processors feel that the maximum price
payable will be $4.50/kilo ($2.05/lb), for a maximum wholesale cost of about
¥600/kilo ($2.48/lb). (BANR, 10/02/96)

A report from December of 1996 expands on the dropping price of Chilean trout
in the Japanese market associating some of the problem with lower priced European and
Japanese substitutes:

While the producers are holding firm on coho pricing, they have had to reduce
their prices for ocean-farmed trout because of the availability of inexpensive
product from European producers. The FOB price for Chilean trout has dropped
below $4.50/kilo ($2.05/lb), putting it on the market for less than ¥600/kilo
($2.41/lb). There are also locally produced tei-en trout fillets on the market at
wholesale prices of ¥700 to ¥750/kilo ($2.82-3.02/lb). (BANR, 12/18/96)

For whatever reason, this price decline was outside of my original model to
predict.

Japanese Inverse Demand fo r Norwegian Trout

Table 4.5. Dependent Variable: Natural Logarithm of the Price of
Norwegian Trout Exported to Japan: ln(NXTJPYR)
Variable
Per capita Norwegian trout
exports to Japan. NXTJQC
Weighted real price of Chilean
coho and U.S sockeye exports
to Japan. WXSJPYR
Real price of Chilean trout
exported to Japan. CXTJPYR
Real, per capita Japanese
private final consumption
expenditure. JINCRC
Indicator variable equaling one
in 1991 and zero elsewhere. 191
Constant

Estimated
Coefficient
-4.04E-7

P-values

Mean-Level Flexibility

<0.0001

-0.107

0.003

<0.0001

0.501

0.001

0.029

0.218

0.0002

0.046

0.358

0.145

0.0003

0.009

4.378

<0.0001

R2 = 0.92
DW = 1.99

The Japanese inverse demand for Norwegian trout was estimated as a log-linear
function with the log of the real price of Norwegian trout as the dependent variable. The
model has an R2 of 0.92, indicating that 92% of the variation in the log of the real price is
explained by the model. There is no evidence of significant autocorrelation present (DW
= 1.99).
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All of the dependent variables are significant at the 0.05 level. Both substitute
prices were positive and significant in this equation. The weighted price of Chilean coho
and U.S. sockeye salmon in the Japanese market showed an estimated coefficient of
0.003 and a mean-level cross-price flexibility of 0.50. The price of Chilean trout returned
an estimated coefficient of 0.001 and a cross-price flexibility of 0.22. Figure 3.8
illustrates the increase in quantity of species competing with Norwegian trout on the
Japanese market most notably in the years since 2002. A 1% increase in Japanese income
at the mean is estimated to lead to a 0.36% of an increase in the real price of Norwegian
trout, all else equal.
The indicator variable 191 was included here to correct a model underestimation
for the year 1991. The low prediction price could be a result of increased demand for
Norwegian trout in the closer, EU market, forcing the price for exports to Japan to be
higher. Also, adverse financial and environmental conditions in Norway may have lead
to higher prices.

The European market for ocean-farmed trout has grown considerably over the
past few years. Smaller fish are sold in the round, with larger fish generally used
for salmon steaks. And “PR” campaigns continue through the season to further
promote ocean-trout consumption in the region. Growth of demand in the
European market has enabled the producers to reduce their once heavy
dependence on the Japanese market to dispose of their production.
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The producers were also influenced by reports of relative chaos in the Japanese
marketplace at the start of the season. As a result many of the European
producers shifted away from feed additives that promote the rich red flesh color
that the Japanese market demands. Even if the Japanese make spot purchases,
there probably won’t be much “red-fleshed” trout available.

Conditions have been very tight for the European ocean-farmed trout producers
over the past year. There have been more than 40 bankruptcies in Sweden over
the past year, and hardly any of the Danish producers plan to ship product to
Japan this year. Growth of this year’s production has also been hindered by low
water temperatures and a viral problem this spring. This has resulted in a smaller
fish size and variable flesh color. The combined effect of the above conditions
has force the producers to sell to the highest bidders.” (BANR 10/23/91)

76

Japanese Inverse Demandfor U.S. Sockeye

Table 4.6. Dependent Variable: Price of U.S. Sockeye Exported to
Japan: UXRJPYR
Estimated
Coefficient
-105.624

P-values

Mean-Level Flexibility

<0.0001

-0.467

48.575

0.041

0.215

Weighted real price of Chilean
and Norwegian trout exports to
Japan. ln(WXTJPYR)

0.270

0.101

0.0012

Real, per capita Japanese
private final consumption
expenditure. ln(JINCRC)
Lagged total per capita exports
to Japan of Chilean coho, and
Norwegian and Chilean trout.
ln(XJQC.i)
Indicator variable equaling one
in 1991 and zero elsewhere. 191
Constant

222.292

0.047

0.983

-74.758

<0.0001

-0.331

-97.045

<0.0001

-0.429

701.025

0.163

Variable
Per capita U.S. sockeye exports
to Japan. ln(UXRJQC)
Real price of Chilean coho
exports to Japan. ln(CXSJPYR)

R2 = 0.79
DW = 2.01

The functional form used for the Japanese inverse demand for U.S. sockeye is
linear-log. The model fits relatively well and all independent variables have statistically
significant estimated coefficients at the 0.05 level except the variable for the weighted
price of Norwegian and Chilean trout exports to Japan (which is significant at 0.10).
The XJQC-i variable is unique to this demand equation. This variable is the total
per capita quantity of the other three species that compete in the Japanese market and are
included in the model, lagged one year. The three species are Chilean coho and
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Norwegian and Chilean trout. All of these products are relatively new to Japan,
especially in comparison to sockeye salmon which is historically the most important
salmon that Japan has imported, and have greatly affected the demand for U.S. sockeye
over the past decade (See Figure 3.8). As the logged quantity of these species increases
by 1% at the mean, the price of U.S. sockeye decreases by 0.33%. This is an effect that is
in addition to the price effects from these countries’ exports and captures the dynamically
changing market shares by importers who became more accustomed to the competing
imports of farmed salmon and trout over this time period.
As in other equations the income flexibility is substantial, as the logged Japanese
income increases by 1% at the mean, the price of U.S. sockeye is expected to rise 0.98%,
all else equal. This implies that U.S. sockeye is a normal good and a healthy Japanese
economy is important for Alaska salmon fishermen.
The reason for the model’s overestimation for the year 1991 is not entirely clear.
This was the year of the big price drop and has been the focus of previous research. For
example, Herrmann (1991) attributed the majority of the price drop to increasing farmed
salmon supplies. This is, in part, picked up by the explanatory variables in the model but
not entirely. The entire magnitude of the 1991 price decrease was not captured. It was
these low prices that lead to a strike of Bristol Bay salmon fishermen. Bill Atkinson
News Report in July 1991 speculates the following:

Fingers have been pointing every which way, in an effort to explain the major
drop in prices for salmon this year and resolve the strike situation in many of the
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Alaskan fisheries. The fishermen largely blame the Japanese buyers and the
Japanese market for the low prices. They point to end-user (retail) prices that
show little fluctuation, in spite of the dramatic decreases over the past couple of
years. And they feel that the importers are talking with each other to fix prices at
artificially low levels.

The packers have taken a hard line with fishermen over prices, indicating that it
was the best that they could offer in view of the low Japanese market quotes.
They initially pushed for an exvessel price as low as $0.40/lb. at the start of the
strike, although they have subsequently raised their price offers to the
fishermen...

.. .The importers comment that the legal action taken by Alaskans against
Japanese buyers during the crab season several years ago - accusing them of price
fixing - is enough to prevent similar activities in other fisheries, such as salmon.”
(BANR, 7/3/91)

Near the end of 1991, the sockeye price did recover some to end the year strongly.

In late October, the price of Bristol Bay sockeye increased dramatically to
¥1,180/kilo ($3.13/lb.), but leveled offjust short of ¥1,200/kilo ($4.20/lb.). In
spite of the leveling off, however, the wholesale price still jumped by ¥200/kilo
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($0.70/lb.) in two weeks and has increased by 60% since the start of the 1991
season.” (BANR, 10/20/1991)

Allocation o f Chilean Atlantic Salmon to the U.S.

Table 4.7, Dependent Variable: Quantity of Chilean Atlantic Salmon
Exports to the U.S.: CXAUQ
Variable
Price of Chilean Atlantic
salmon exports to the U.S.
CXAUP
Price of Chilean Atlantic
salmon to all countries
excluding the U.S. CXAYP
Total Chilean Atlantic salmon
exports. CXATQ
Indicator variable equaling one
in 2003 and zero elsewhere. 103
Constant

Estimated
Coefficient
28311.27

P-values

Mean-Level Elasticity

0.003

0.241

-40673.7

0.0004

-0.316

0.532

<0.0001

0.828

46258438

<0.0001

0.024

26861980

0.0025

R2 = 0.98
I)\V = 1.77

The allocation of Chilean Atlantic salmon to the U.S. market can be explained
linearly and sufficiently by the variables chosen. The linear model has an extremely
good fit with an R of 0.98 and the Durbin-Watson (1.77) does not evidence statistically
significant autocorrelation. All independent variables are statistically significant at
a = 0.05.
Figure 4.1 illustrates just how important the U.S. market is for Chilean Atlantic
salmon producers. In this case, the vast majority of a product goes to one market, so it is
understandable that an increase in the total quantity of salmon exported to all countries
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would positively affect the amount that goes to the largest importer. A 1% increase in the
total amount of Atlantic salmon exported from Chile, at the mean, increases the amount
that comes to the U.S. by 0.83%, all else equal.

Year
— ♦— Japan ---------U.S. —x— Canada —■— E U ............Other
Figure 4.1. Chilean Atlantic Salmon Exports by Recipient Country, 1989-2005
(million pounds)
Source: Ramirez, 2006

Although the U.S. market has been the dominant market for Chilean Atlantic
salmon exports, still nearly one-third of Chilean Atlantic salmon exports over this period
of time have gone to other countries. Therefore, it was expected that some price
arbitration may take place. It was estimated that a 1% increase in price of Chilean
Atlantic salmon exported to the U.S. at the mean would lead to a 0.24% expected
increase in the quantity exported there, all else equal. Given the same scenario on an
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increase in the price of Chilean Atlantic salmon to all countries besides the U.S., the
quantity supplied to the U.S. market would decrease by 0.32%. The reason for the initial
model’s underestimation of the total exports of Chilean Atlantic salmon to the United
States for 2003 is not entire clear but (from figure 4.1) is it is evident that in this year that
the upward trend in exports to countries other than the United States took a temporary

Allocation o f Canadian Atlantic Salmon to the U.S.

Table 4.8. Dependent Variable: Quantity of Canadian Atlantic Salmon
Exports to the U.S.: AXAUQ
Variable
Real price of Canadian Atlantic
salmon exports to the U.S.
AXAUPR
Total Canadian Atlantic salmon
exports. AXATQ
Constant

Estimated
Coefficient
4.37E8

P-values

Mean-Level Elasticity

<0.0001

0.231

0.988

<0.0001

1.032

-1.78E7

<0.0001

R2 = 0.998
DW = 1.59

The U.S. is nearly the sole market for Canadian exports of Atlantic salmon,
having imported nearly 95% of Canadian Atlantic salmon over the modeled time period
(see Figure 3.9). The price of Canadian Atlantic salmon exported to the U.S. market is
positive and significant; a 1% increase in price at the mean will raise the quantity
exported to the U.S. by 0.23%, all else equal. The most influential variable is the total
Canadian exports of Atlantic salmon. We estimate that the U.S. imports of Canadian
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farmed Atlantic salmon rises by nearly an identical percentage increase to that of total
Canadian exports.

Allocation o f Chilean Coho to Japan

Table 4.9. Dependent Variable: Quantity of Chilean Coho Exports to
Japan: CXSJQ
Variable
Real price of Chilean coho
exports to Japan. CXSJPR
Total Chilean coho exports.
CXSTQ
Constant

Estimated
Coefficient
852229

P-values

Mean-Level Elasticity

0.006

0.051

0.976

<0.0001

1.027

-8101195

0.0086

R2 = 0.9996
DW = 1.45

The linear equation describing the allocation of Chilean coho salmon to Japan is
very similar to the equation that describes the allocation of Canadian Atlantic salmon to
the U.S. Figure 4.2 shows how dependent Chilean coho producers are on the Japanese
consumer market.
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Figure 4 .2 . Exports of Chilean Coho by Recipient Country, 1989-2005 (million
pounds)
Source: Ramirez, 2006

The price of Chilean coho in the Japanese market and the total quantity exported
to all countries are the two significant variables in this equation. A 1% increase in price
of Chilean coho, at the mean, is estimated to increase the quantity exported to Japan by
0.05%, all else equal. A 1% increase in the total exports of Chilean coho would increase
the amount exported to Japan by nearly the same percentage.

84

Allocation o f Chilean Trout to Japan

Table 4.10. Dependent Variable: Natural Logarithm of the Quantity of
Chilean Trout Exports to Japan: ln(CXTJQ)
Variable
Real price of Chilean trout
exports to Japan. ln(CXTJPR)
Total Chilean trout exports.
ln(CXTTQ)
Lagged percent of total Chilean
trout exports to Japan.
ln(CXTJQ%.i)
Constant

Estimated
Coefficient
0.145

P-values

Mean-Level Elasticity

<0.0001

0.145

1.021

<0.0001

1.021

0.499

<0.0001

0.499

-0.7055

0.012

R2 = 0.9995
DW = 1.99

Along with Chilean coho, Japan is also the biggest importer of Chilean trout (see
Figure 4.3). The equation for Chilean trout allocated to Japan was estimated with the
natural logs of all variables. Nearly all (99.9%) of the variability for the logged quantity
of Chilean trout sent to Japan can be explained by natural log of the three variables.
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Year
9 Japan □ Other
Figure 4.3. Export of Chilean Trout by Recipient Country, 1989-2005 (million
pounds)
Source: Ramirez, 2006

As in the other allocation equations, the first two variables are the natural
logarithms of real price of Chilean trout exported to Japan and the total quantity of
Chilean trout available for export. It is estimated that a 1% change in the logged price of
Chilean trout exported to Japan, at the mean, would cause a 0.15% increase in the logged
quantity exported to Japan, all else equal. The elasticity for total Chilean trout exports is
near unity. An additional variable, not in the previous allocation equations, is the lagged
percent of total Chilean trout exported to Japan. This variable captures the momentum of
this relatively new farmed species as it makes inroads into the Japanese market channels.
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Allocation o f Norwegian Trout to Japan

Table 4.11. Dependent Variable: Natural Logarithm of the Quantity of
Norwegian Trout Exports to Japan: ln(NXTJQ)
Variable
Real price of Norwegian trout
exports to Japan. ln(NXTJPR)
Total Norwegian trout exports.
ln(NXTTQ)
Lagged percent of total
Norwegian trout exports to
Japan. ln(NXTJQ%_i)
Real price of Norwegian fuel.
ln(NPFUELR)
Constant

Estimated
Coefficient
0.579

P-values

Mean-Level Elasticity

0.016

0.579

1.042

<0.0001

1.042

0.710

<0.0001

0.710

-1.050

0.005

-1.050

-2.4650

0.018

R2 = 0.97
DW = 2.27

This estimated allocation equation uses the natural log of all variables. The
included variables explain 97% of the variability for the natural log of the quantity of
Norwegian trout exported to Japan. All estimated coefficients were found to be
significant at a = 0.05.
A 1% increase in the logged real price of exported Norwegian farmed trout to
Japan, at the mean, is estimated to increase the quantity allocated to Japan by 0.58%, all
else equal. The total quantity of Norwegian trout available for export returned an
elasticity value just over 1.0, similar to that of the other allocation equations. The lagged
percent of total Norwegian trout exports that go to Japan has a positive coefficient of
0.71. A 1% increase in the logged percent of total Norwegian trout exported to Japan in
the previous year is estimated to lead to an increase in the natural log of the current
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allocation by 0.71% in the current year. The demand for Norwegian trout in Japan is
slowly increasing as more is imported there.
The last explanatory variable represents the real price of fuel in Norway. Recall,
that of all the products modeled, the allocation to Japan of Norwegian trout was the
lowest in percentage terms, just 58% (much of this is due to the Russian allocation of the
last few years). In particular, this affects the cost of delivering trout to Japan rather than
the EU which is much closer and easier to reach by water. As expected, the estimated
coefficient associated with this variable is negative (-1.05). As the logged price of
Norwegian fuel increases by 1%, the logged quantity of Norwegian trout exports to Japan
will decrease 1.05%. Figure 4.4 shows the historical trend in this variable from 1981 to
2005.
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Year
Figure 4.4. Real Norwegian Fuel Price Index, NPFUELR=CPI Fuel/CPI Food,
1981-2005
Source: Statistics Norway 2007

Allocation o f U.S. Sockeye to Japan

Table 4.12. Dependent Var•iable: Natural Logarithm of the Quantity of
U.S. Sockeye Exports to Jaipan: ln(UXRJQ)
Variable
Real price of Alaska sockeye
exports to Japan. ln(UXRJPR)
Alaska Sockeye Landings
ln(ARL)
Lagged Alaska sockeye exports
to Japan. ln(UXRJQ.i)
Constant

Estimated
Coefficient
0.148

P-values

Mean-Level Elasticity

0.017

0.148

0.915

<0.0001

0.915

0.503

<0.0001

0.503

-7.916

<0.0001

R2 = 0.97
Durbin’s H = 0.81, with p-value = 0.42
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This equation was estimated using the double-log functional form. The model
explains 97% of the changes in the logged quantity of U.S. sockeye exported to Japan.
All the independent variables are statistically significant at a = 0.05.
The variable with the greatest elasticity is the landings of sockeye salmon. A 1%
increase in natural log of Alaska landings of sockeye salmon, at the mean, is expected to
cause a 0.92% increase in the logged quantity exported to Japan, all else equal. The price
of Alaska sockeye sold to Japan and the quantity of sockeye exported to Japan in the
previous year show lower elasticities, 0.15 and 0.50 respectively.

Alaska Exvessel Price fo r Sockeye

Table 4.13. Dependent Variable: Natu ral Logarithm of the Real
Exvessel Price for Alaska Sockeye: ln (/ iRPR)
Variable
Real price of Alaska sockeye
exports to Japan. UXRJPR
Constant

Estimated
Coefficient
88.194

P-values

Mean-Level Flexibility

<0.0001

1.53

-6.500

<0.0001

R2 = 0.61
DW = 1.69

The real exvessel price for Alaska sockeye was modeled as a mark-down
equation. Using just this variable, 61% of the variation in the logged real sockeye
exvessel salmon price was captured by the variation in the real export price to Japan. It is
estimated that if the price of Alaska sockeye in Japan increases (decreases) by 1%, at the
mean, the logged exvessel price for Alaska fishermen will increase (decrease) 1.53%, all
else equal.
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Alaska Exvessel Price for Chinook

Table 4.14. Dependent Variable: Natu ral Logarithm of the Real
Exvessel Price for Wild Alaska Chinoo k: ln(AKPR)
Variable
Recovered Landings of chinook
net of total exports. AKDOM
Real Producer Price Index for
the U.S. UPMEATR
Indicator variable equaling one
in 1994 and zero elsewhere. 194
Real Exvessel price for Alaska
coho. ASPR
U.S. real personal income.
UINCRC
Constant

Estimated
Coefficient
-439E-12

P-values

Mean-Level Flexibility

0.015

-0.096

0.012

0.019

0.780

-0.004

0.0015

-0.018

1.366

<0.0001

0.551

32.207

0.016

0.496

-0.010

0.017

R2 = 0.73
DW = 2.30

The natural log of the real exvessel price for wild Alaska chinook is modeled as a
function of five explanatory variables all of which are statistically significant at the 0.05
level and explain 73% in the variation on the logged exvessel price. Recall that virtually
all chinook salmon is consumed in the United States, and therefore, this equation is
essentially a reduced-form exvessel price equation. As discussed in the theory section it
was theorized that farmed Atlantic salmon from Canada and Chile would likely be
substitute goods for chinook salmon. While it is almost a certainty that the price of
chinook salmon would be higher if it had not faced heavy competition from farmed
salmon in both its historical export markets and domestic market, for this time period it
could not be statically shown that prices of imports of farmed Atlantic salmon had much
effect on the exvessel price for chinook salmon which is now mostly relegated to a niche
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market. However, an indirect connection with Atlantic salmon was made through the
substitution effect with coho salmon. It was estimated that as the exvessel price of
Alaska coho increases (decreased) by the one-percent, at the mean, the logged exvessel
price of Alaska chinook will increase (decrease) by 0.55%, all else equal. More will be
said on this later.
Using AKDOM as a gross approximation to domestic consumption (remember
that this is a gross approximation because of the discontinuation of the collection of
inventory data by NMFS) it was found that as these landings increase (decrease) by onepercent, all else equal, that the logged exvessel price decreases (increases) by a tenth of a
percent. The fact that this is rather low is not surprising given that chinook salmon is by
far the highest-valued salmon and its biologically constrained harvest level is the lowest
for the five Pacific salmon species. Also, chinook salmon has never been farmed in large
numbers because it is a difficult salmon to grow.
In general, it was found that the price of meat consumed in the United States
affected the demand for chinook salmon. It was estimated that as the producer price
index for meat and fish increased (decreased) by 1%, at the mean, the logged exvessel
price of Alaska chinook increased (decreased) by 0.78%, all else equal. As the exvessel
price of Alaska coho increases by 1%, at the mean, the logged exvessel price of Alaska
chinook is estimated to increase by 0.55%, all else equal.
The model overestimated the chinook exvessel price in 1994 which is the reason
for the 194 variable. Including the indicator variable for 1994 greatly improved the DW
statistic. Because of missing inventory (the collection of which was discontinued in 2002)
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data it is difficult to capture the effect of domestic demand on prices and any year may be
over- or under-predicted if inventory levels changed substantially from the year before.
From 1993 to 1994 the chinook inventory levels were cut in half indicating that the gross
approximation to domestic consumption was underestimating actual consumption which
would overestimate our predicted price.
For other reasons I looked to trade journals to seek a reason why our model would
have significantly overestimated the 1994 price. There is speculation in trade journals
that the cause of the lower chinook price in 1994 was due to low wholesale prices from
competition with farmed Atlantic salmon. While I attempt to model this directly I have
not captured all the effect.

In the U.S. fresh market, Atlantic salmon set the pace. With large amounts of the
fish readily available and the market generally sluggish, the wholesale prices
hovered around $3.00/lb. for most of the year, though they began to fall below
that by year-end. Chile and Canada produced large quantities of the fish. In
addition, Chile began sending in large amounts of fresh fillets, wholesaling for
around $3.50/lb.

Wild salmon mirrored these prices. Troll kings from the Lower 48 wholesaled for
under $3.00/lb. at times during the summer, even though availability was down.
Copper River kings wholesaled for $3.50/lb. last year, well down from the
$4.75/lb. of the previous year. (Pacific Fishing, Mar. 1995)
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Alaska Exvessel Price for Coho

Table 4.15. Dependent Variable: Natural Logarithm of the Real
Exvessel Price for Alaska Coho: ln(ASPR)
Variable
Recovered Landings of coho
Net of total exports. ASDOM
Real Exvessel price for Alaska
Chinook. AKPR
Weighted real export price of
Atlantic salmon from Chile and
Canada. WXSUPDR
Indicator variable equaling one
in 1994 and zero elsewhere. 194
Constant

Estimated
Coefficient
-1.44E-8

P-values

Mean-Level Flexibility

0.017

-0.148

35.120

0.001

0.510

38.112

0.011

0.765

0.570

0.001

0.036

-6.352

<0.0001

R2 = 0.71
DW = 1.35

The exvessel price of coho salmon was the most difficult of the fifteen behavioral
equations to model. This is in part because although Alaska coho salmon is primarily
consumed domestically a substantial portion has been exported historically but not
enough to model the export market. Again, the lack of inventory data severely curtails
the modeling of species which are primarily sold domestically.
The log-linear functional form was used for the coho exvessel price equation.
The model explains 71% of the variation in the log of the exvessel price data and all
variables were found to be statistically significant at the 0.05 significance level.
The first variable is the net landings used as a gross proxy for domestic
consumption. As the amount of Alaska coho consumed domestically increases
(decreases) by 1% at the mean, the logged exvessel price is expected to decrease
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(increase) by 0.15%. As in the chinook exvessel price equation, in the coho exvessel
price equation the chinook price was statistically significant in determination of the coho
exvessel price level. It was estimated that a 1% increase (decrease) in the exvessel real
price of chinook salmon would lead to a 0.51% increase (decrease) in the real price of
coho salmon. Unlike the chinook exvessel price equation, the price of imported Atlantic
salmon (from Chile and Canada) was statistically significant in the determination of the
exvessel price for coho salmon as a substitute. Finally, although theory would suggest
that the U.S. income would be in this equation, I could not get a statistically positive sign
on its parameter and finally dropped it from the equation.
As in the Alaska exvessel price equation for chinook salmon, the indicator
variable marking 1994 (194) was included to solve, at least in part, what appeared to be a
model misspecification. In this case, our original equation underpredicted coho price in
1994. Again, this may be caused by the inability to use an accurate domestic
consumption variable because a complete time series of inventory was not available. For
coho salmon inventories tripled from 1983 to 1984 so the gross domestic consumption
variable was overestimating consumption and that may have caused the equation to
underestimate the actual price. The 1994 level of inventory was a substantial fraction of
total landings (approximately 20%).

Goodness-of-Fit
Because they take into account the interplay among equations, historical
simulation goodness-of-fit (GOF) statistics provide a better test of the predictive accuracy
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of equation systems equations than is provided by measures such as R2, which assess the
fit of single equations. Evaluating each of the individual models separately does not
provide information on how they interact in the modeled system. Individual equation
goodness-of-fit statistics are used to incorporate inter-temporal and intra-temporal
linkages, which exist within the market response model. These interdependencies are
explicitly incorporated into the dynamic model simulation, where each of the equations in
the market response model is solved for its reduced form. Thus, model simulation
provides a more robust measure of actual model performance (Herrmann 1996). Model
simulations were conducted using the Newton algorithm, a software program developed
by the SAS Institute (SAS 2007). The historic dynamic simulation was performed on the
system of equations for the 1990 to 2005 period. The goodness-of-fit statistics are
reported in Table 4.16.
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Table 4.16. Historical Simulations - Goodness-of-Fit Statistics
Variable
CXAUP
AXAUP
CXSJP
CXTJP
NXTJP
UXRJP
CXAUQ
AXAUQ
CXSJQ
CXTJQ
NXTJQ
UXRJQ
ARP
ASP
AKP
ARREV
ASREV
AKREV

MA%E
6.034
4.115
12.873
9.765
8.115
10.040
11.475
1.619
3.541
2.868
15.409
8.125
17.608
20.936
13.729
17.608
20.936
13.729

R%E
8.058
5.607
15.025
11.546
9.219
11.900
22.923
2.510
6.821
3.312
17.270
10.538
20.266
25.085
16.489
20.266
25.085
16.489

R
0.860
0.870
0.770
0.860
0.810
0.630
0.990
1.000
1.000
1.000
0.980
0.980
0.730
0.590
0.550
0.920
0.900
0.810

UM
0.000
0.010
0.000
0.000
0.030
0.000
0.000
0.000
0.000
0.040
0.130
0.090
0.000
0.040
0.020
0.000
0.050
0.050

UR
0.000
0.070
0.190
0.000
0.170
0.350
0.010
0.020
0.040
0.030
0.310
0.300
0.080
0.000
0.020
0.040
0.040
0.140

UD
0.99
0.93
0.81
1.00
0.80
0.65
0.99
0.98
0.96
0.94
0.56
0.61
0.92
0.96
0.95
0.96
0.90
0.81

U1
0.086
0.053
0.136
0.103
0.088
0.118
0.061
0.018
0.021
0.032
0.160
0.112
0.198
0.221
0.165
0.172
0.197
0.167

The statistics used to assess goodness of fit measures are mean absolute percent
error (MA%E) and root mean percentage error (R%E). Equations 4.1 and 4.2 show
formulas for each of these equations. In both equations, y t is the actual value of the
dependent value and y t is the value of the dependent value returned by the predicted
model. These measures are used to give an indication of the deviations, the root mean
percentage error is used to give an indication of the potential problem of outliers.

(4.1)

MA%E = \ w / n Y J ( y t - y t V y t
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(4.2)

R%E = \ o o / n Y J ( y , - y t) / y t )2

The Theil forecast error statistics are also included in Table 4.16. The correlation
coefficient (R) shows the correlation between the actual and predicted values and is
found with Equation 4.3, where cra and <yp are the standard deviations of the predicted
and actual values.

(4.3)

R = c o v (y ,y )/a acrp

The Theil U decomposition statistics are bias (UM), reg (UR), dist (UD), and the
inequality coefficient (Ul). UM and UR measure the systematic error and are calculated
using the formulas found in Equations 4.4 and 4.5, where MSE is the mean square error
and p is the correlation coefficient. UM measures the proportion of the error that occurs
due to the intercept in the predicted model and measures the bias of the model and UR
measures the proportion of the error that is due to the slope of the predicted model or the
regression. UD, shown by equation 4.6, measures the unsystematic portion of the model
error. UM, UR, and UD sum to 1. It is desirable to have UD close to 1.0. Ul (Equation
4.7), is a statistic that measures the accuracy of the forecast (SAS Institute, 2002-2003).

(4.4)

UM=(E{y)-E(y)f / ( M N ^ J y , - y , f
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(4.5)

UR = (crp - p * c r a)2 / MSE

(4.6)

UD = (l - p 1\ j ao p / MSE

(4.7)

U l = J W E / J ( l l N ) ' g _ l(y,Y

The goodness-of-fit statistics show the model fits the historical data very well.
The lowest correlation coefficients was 0.55 (AKP) and three equations had an R=1.00
(AXAUQ, CXSJQ, and CXTJQ). The mean absolute percentage errors are within a
reasonable range from 1.62 (AXAUQ) and 20.94 (ASP and ASREV). The root mean
percentage errors for the same equations are 2.51 (AXAUQ) and 25.09 (ASP and
ASREV). The lowest value for UD is 0.56 (NXTJQ) and the highest is 1.00 (CXTJP)
showing that the majority of the error was unsystematic. The U1 maintains a reliable
forecast with the lowest value being 0.018 (AXAUQ) and the highest is 0.221 (ASP).
Figures 4.5 to 4.19 give a visual presentation of how the predicted values of the
nominal prices and quantities track the actual values for the 15estimated variables.
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Figure 4.5. Actual (CXAUP) and Predicted (CXAUPH) Chilean Export Price of
Atlantic Salmon to the U.S., 1990 to 2005 (Chilean Peso/lb.)

Figure 4.6. Actual (AXAUPD) and Predicted (AXAUPDH) Canadian Export Price
of Atlantic Salmon to the U.S., 1990 to 2005 ($/lb.)
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Figure 4.7. Actual (CXSJPYA) and Predicted (CXSJPYH) Chilean Export Price of
Coho Salmon to Japan, 1990 to 2005 (S/lb.)

Figure 4.8. Actual (CXTJPYA) and Predicted (CXTJPYH) Chilean Export Price of
Trout to Japan, 1990 to 2005 ($/lb.)
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Figure 4.9. Actual (NXTJPYA) and Predicted (NXTJPYH) Norwegian Export Price
of Trout to Japan, 1990 to 2005 (¥/lb.)

Figure 4.10. Actual (UXRJPYA) and Predicted (UXRJPYH) U.S. Export Price of
Sockeye to Japan, 1990 to 2005 (S/lb.)
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Figure 4.11. Actual (CXAUQA) and Predicted (CXAUQH) Quantity of Chilean
Atlantic Salmon Exported to Japan, 1990 to 2005 (mil. lbs.)

Figure 4.12. Actual (AXAUQA) and Predicted (AXAUQH) Quantity of Canadian
Atlantic Salmon Exported to the U.S., 1990 to 2005 (lbs.)
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Figure 4.13. Actual (CXSJQA) and Predicted (CXSJQH) Quantity of Chilean Coho
Exported to Japan, 1990 to 2005 (lbs.)

Figure 4.14. Actual (CXTJQA) and Predicted (CXTJQH) Quantity of Chilean
Trout Exported to Japan, 1990 to 2005 (lbs.)
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Figure 4.15. Actual (NXTJQA) and Predicted (NXTJQH) Quantity of Norwegian
Trout Exported to Japan, 1990 to 2005 (lbs.)

Year
UXRJQA

UXRJQH

Figure 4.16. Actual (UXRJQA) and Predicted (UXRJQH) Quantity of U.S. Sockeye
Exported to Japan, 1990 to 2005 (lbs.)
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Figure 4.17. Actual (ARP) and Predicted (ARPH) Exvessel Price for Alaska
Sockeye, 1990 to 2005 (S/lb.)

Year
ASP

ASPH

Figure 4.18. Actual (ASP) and Predicted (ASPH) Exvessel Price for Alaska Coho,
1990 to 2005 ($/lb.)

($/lbs.)
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Figure 4.19. Actual (AKP) and Predicted (AKPH) Exvessel Price for Alaska
Chinook, 1990 to 2005 (S/lb.)
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CHAPTER 5
PREDICTIONS AND CONCLUSIONS

Sensitivity Analysis
The last step in the econometric analysis of the global salmon market is
performing sensitivity analyses. We performed sensitivity analyses by changing one or
two independent variables of interest within the model in 2005, holding all other
variables at their 2005 levels, and then recording the resulting changes in the dependent
variable(s) of interest. The focus of this study is to estimate how an increase in
aquaculture production in foreign markets, especially Chile, affects the prices of Alaskan
chinook, coho, and sockeye salmon. Also of interest is to estimate how variations in
Alaskan salmon production affect Alaskan exvessel revenues. Simulations were run by
increasing Chilean Atlantic coho and trout total production as well as increasing Alaska
sockeye, chinook, and coho total landings for 2005. The Newton algorithm and SOLVE
procedures in SAS were used for the sensitivity analyses.

Scenario 1: Increased Chilean Exports o f Atlantic Salmon
The first scenario involves increasing the amount of Chilean Atlantic salmon that
is available for export. Recall that the majority (64% for 1989-2005) of the Chilean
Atlantic salmon is exported to the United States and in the estimated coho exvessel price
equation the imports of Chilean salmon were found to be a statistically significant
substitute for Alaskan coho salmon. Additionally, imports of Chilean Atlantic salmon
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affect Alaskan chinook salmon through the substitution effect between coho and chinook
salmon. For example, increased exports of Chilean Atlantic salmon to the United States
decrease the exvessel price of coho salmon which in turn decreases the exvessel price of
chinook salmon.
This scenario is part of an overall study where it is hypothesized that the feed
input to Chilean salmon production may continue to become less expensive and that may
lower the cost of production. This may in turn lead to further reductions in Alaskan
salmon prices. In 2005, Chile exported 508 million pounds of Atlantic salmon to
countries around the world. For this sensitivity analysis I incrementally increased
Chilean exports by 5% increments up to 30%. Figure 5.1 and Figure 5.2 show the
forecasted change in price of Alaskan chinook and coho in response to these increases.

Million Pounds

Figure 5.1. Simulated 2005 Alaskan Chinook Exvessel Price (AKPH) for Various
Levels of Total Chilean Exports of Atlantic Salmon (CXATQ) (S/lb.)
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Figure 5.2. Simulated 2005 Alaskan Coho Exvessel Price (ASPH) for Various Levels
of Total Chilean Exports of Atlantic Salmon (CXATQ) ($/lb.)

The estimated prices show some sensitivity to an increase in the quantity of
Chilean Atlantic salmon exported. The estimated Alaskan exvessel price of chinook at
the 2005 amount of Chilean exports is $2.27 and after the 30% increase in Chilean
exports of Atlantic salmon, the price as decreased by approximately 10% to $2.07. The
exvessel price of coho is more sensitive, falling from $0.76 at 2005 Chilean production
levels to $0.61 under conditions that represent a 30% increase in Chilean exports of
Atlantic salmon.
Figures 5.3 and 5.4 show the change in Alaskan exvessel revenues for chinook
and coho under varying increases in Chilean exports of Atlantic salmon. Alaska earned
$24 million in revenue from chinook sales in 2005. With a 30% increase of Chilean
Atlantic exports, and the resulting decrease in exvessel prices, those revenues are

expected to become $22 million. A similar adjustment is expected to decrease Alaska’s
coho revenues from $24 million to $ 19 million.

Figure 5.3. Simulated 2005 Alaskan Chinook Exvessel Revenue (AKREV) for
Various levels of Total Chilean Exports of Atlantic Salmon (CXATQ) (mil $)

Ill

Million Pounds

Figure 5.4. Simulated 2005 Alaskan Coho Exvessel Revenue (ASREV) for Various
Levels of Total Chilean Exports of Atlantic Salmon (CXATQ) (mil. $)

It is important to point out that these are the estimated price and revenue changes
if all the increased production occurred in 2005 without the markets having time to adjust
or time for Chile to develop new markets. However, in many of the demand equations it
was evident that increased imports into those countries shifted the demand curves out in
future periods. So, these price changes likely represent an upper bound on actual long
term price changes. More work on the dynamic nature of the evolving markets is left for
future study.

Scenario 2: Increased Chilean Exports o f Coho
As mentioned earlier, Chilean coho and Alaska sockeye salmon compete in the
Japanese market. Japan is the main market for Chilean coho (95% from 1989-2005 —see
Figure 4.2), so an increase in Chilean coho production would most certainly result in an
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increase in Japanese imports. Such an increase can be expected to decrease the demand
for Alaskan sockeye, all else equal. Figure 5.5 illustrates the effect an increase in Chilean
coho production is forecasted to have on Alaska sockeye exvessel prices. The actual
amount of Chilean coho exported in 2005 was nearly 173 million pounds. This figure
was increased up to 30% using increments of 5%.

1.00 -|
0.80 £

. 0.60 -

55 0.40 -
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and the fact that we estimate only a minor price effect due to increased imports of
Chilean salmon may not be that surprising.
Figure 5.6 shows the expected effects that this change in exvessel prices would
have on exvessel revenues in the Alaskan sockeye fishery. In 2005 Alaska earned nearly
$190 million in exvessel revenue from sockeye sales. A 30% increase in total Chilean
exports of Chilean coho would have caused exvessel revenue to drop to $179 million.
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Figure 5.6. Simulated 2005 Alaskan Sockeye Exvessel Revenue (ARREV) for
Various Levels of Total Chilean Exports of Coho Salmon (CXSTQ) (mil. $)

Scenario 3: Chile Increases Export o f Trout
Japan is a large portion of the export market for Chilean trout as well as Chilean
coho (see Figure 4.4). Therefore, an increase in the production of Chilean trout will
likely cause similar decreases in exvessel demand and price for Alaskan sockeye. Chile
exported nearly 165 million pounds of trout in 2005. Figure 5.7 shows the changes in
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exvessel price of Alaska sockeye that are anticipated in response to incremental increases
of the production of Chilean trout; Figure 5.8 shows corresponding changes in exvessel
revenue.
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Figure 5.7. Simulated 2005 Alaskan Sockeye Exvessel Price (ARPH) for Various
Levels of Total Chilean Exports of Trout (CXTTQ) (S/lb.)
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Figure 5.8. Simulated 2005 Alaskan Sockeye Exvessel Revenue (AREV) for Various
Levels of Total Chilean Exports of Trout (CXTTQ) (mil. $)

The exvessel price of sockeye shows slightly more sensitivity to the increase in
Chilean trout production than it did to increases in the production of Chilean coho.
Additional work will be needed to establish confidence intervals on these estimates to
determine if the estimated difference is statistically significant. The 2005 exvessel price
for Alaskan sockeye was $0.71 per pound ($190 million in exvessel revenue) and the
simulated exvessel price after a 30% increase in Chilean trout production is $0.63 per
pound ($167 million in exvessel revenue). This is approximately a 12% decrease in
earnings.

Scenario 4: Increased Chilean Exports o f Coho and Trout
This scenario explores the conditions of the Alaskan sockeye fishery given
simultaneous increases in Chilean coho and trout production. Both products are

primarily exported to Japan where they compete directly with Alaskan sockeye. It is
expected that the change in exvessel price for Alaskan sockeye will be greater in this
scenario than it was for the previous two scenarios. The original quantity exported of
Chilean coho and trout is nearly 338 million pounds. Figure 5.9 shows the effect of
increase in Chilean coho and trout exports on exvessel price; Figure 5.10 shows the
corresponding effect on exvessel revenue.

Figure 5.9. Simulated 2005 Alaskan Sockeye Exvessel Price (ARPH) for Various
Levels of Total Chilean Exports of Coho and Trout (CXSTQ + CXTTQ) ($/lb.)
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Figure 5.10. Simulated 2005 Alaskan Sockeye Exvessel Revenue (AREV) for
Various Levels of Total Chilean Exports of Coho and Trout (CXSTQ + CXTTQ)
(mil. $)

With up to an 18% decrease in exvessel price and revenue for Alaskan sockeye,
the impact of this scenario is much greater than that of independent increases in Chilean
production of coho or trout. As before the original exvessel price in 2005 was $0.71 per
pound and revenue was $190 million. The exvessel price resulting from a 30% increase
in Chilean coho and trout is $0.58, generating $155 million in exvessel revenue for
Alaskan limited entry permit holders.

Scenario 5: Adjustments to Alaskan Coho Harvests
The 2005 Alaskan landings of coho salmon were varied to estimate a total
revenue curve. The sensitivity analysis adjusts from a 50% decrease in coho landings to a
200% increase at 10% intervals. In 2005 the Alaskan limited entry fisheries caught 32
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million pounds of coho for $24 million in exvessel revenue. The estimated exvessel price
for coho in 2005 was $0.76 per pound. Figure 5.11 illustrates the estimated effects of
increased or decreased landings on Alaska coho exvessel revenues in 2005, all else equal.

Million Pounds

Figure 5.11. Simulated 2005 Alaskan Coho Exvessel Revenue (ASREV) for Various
Levels of Alaskan Coho Harvests (ASL) (mil. $)

Revenues grow quickly with the initial increase in coho landings. To see if these
extreme landings are likely, I examined historic landing quantities for Alaska coho. A
50% decrease in landings from the actual 2005 amount is 16 million pounds. Historical
quotas have been lower. In 1975, the total catch of Alaska coho was only 8 million
pounds. However, since 1989, when our study began, the lowest yearly quota for coho
has been nearly 24 million pounds in 1997. It is unlikely, with the healthy salmon
fisheries of Alaska, that the yearly quota would ever fall below 15 million pounds again.
Likewise, a 200% increase in coho landing is hard to conceive, since that quantity has
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never been achieved. There would need to be 95 million pounds of coho caught in one
year to achieve 200% of 2005 quantities. The highest recorded coho harvest for the last
35 years occurred in 1994 and it was just 75 million pounds. The year with the second
highest recorded landings was 1992 with only 54 million pounds.
Figure 5.12 shows how variations in coho landings might affect exvessel price.
As previously mentioned, the average exvessel price in 2005 was $0.76 per pound.
Decreasing coho landings to 16 million pounds is expected to result in an exvessel price
of $0.95 per pound. Increasing the quota to 95 million pounds, would lower the exvessel
price to $0.35 per pound.

Million Pounds

Figure 5.12. Simulated 2005 Alaskan Coho Exvessel Price (ASPR) for Various
Levels of Alaskan Coho Harvests (ASL) ($/lb.)
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Scenario 6: Adjustments to Alaskan Sockeye Harvests
Sockeye is the most abundant and most valuable of the high-valued Alaskan
species. In 2005, Alaskan sockeye fisheries yielded 267 million pounds and generated
$190 million in exvessel revenue. The simulation begins at 50% less than the 2005
quantity and increases to 200% more, using 10% intervals. Figure 5.13 show the
sensitivity of revenue to variations in the quantity of sockeye landed.

Million Pounds

Figure 5.13. Simulated 2005 Alaskan Sockeye Exvessel Revenue (ARREV) for
Various Levels of Alaskan Sockeye Exports (ARL) (mil. $)

The revenue earned does not reach a maximum point with adjusted landings up to
200% above 2005 quantities. However, at this point, the exvessel price of sockeye
decreases to approximately $0.36 per pound. It would be hard to find enough fishermen
willing to fish for $0.36 per pound in order to capture the 800 million pounds of sockeye
needed to earn $285 million in revenue. In the last few years a substantial number of
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Bristol Bay participants have sat out the fishery at prices five to ten cents a pound higher
than this (Greenberg et al. 2004). Figure 5.14 shows the relationship of sockeye
production and its exvessel price.

Million Pounds

Figure 5.14. Simulated 2005 Alaskan Sockeye Price (ARPR) for Various Levels of
Alaskan Sockeye Harvests (ARL) ($/lb.)

Historical data shows that the Alaskan fishery has occasionally yielded catches
less than the half of the 2005 landings figure of 133 million pounds. For example, only
32 million pounds were harvested in 1974. Also, within the scope of this study, the
lowest quota was below this adjusted figure at 128 million pounds in 1998. On the other
hand, a 200% increase in sockeye landings (over 800 million pounds) seems improbable
since the highest recorded sockeye harvest was 379 million pounds in 1993, roughly 42%
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above the 2005 landings of 267 million pounds. At the 1993 historical high, the average
exvessel price is estimated to be $0.71 per pound.

Scenario 7: Adjustments to Alaskan Chinook Catches
In 2005 Alaska produced 20 million pounds less of chinook than coho salmon (11
million pounds). However, Alaska earned nearly the same revenue with $24 million.
The resulting exvessel price was $2.27 per pound in 2005. The simulation for chinook
has the same adjustments as for the coho and sockeye simulations. Figure 5.15 shows the
changes in exvessel revenue associated with various levels of chinook landings. Figure
5.16 shows the corresponding effects on exvessel prices.

Million Pounds

Figure 5.15. Simulated 2005 Alaskan Chinook Exvessel Revenue (AKREV) for
Various Levels of Alaskan Chinook Harvests (AKL) (mil. $)
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Figure 5.16. Simulated 2005 Alaskan Chinook Price (AKPR) for Various Levels of
Alaskan Chinook Harvests (AKL) (mil $)

Exvessel revenue is highly sensitive at the lower quantities of chinook landings.
As with Alaskan sockeye landings, a 50% decrease of Alaskan chinook is similar to
historic minimums. For example, in 2000, the chinook catch was about 6 million pounds.
A 50% decrease relative to 2005 chinook landings would be closer to 5 million pounds.
The highest historical Alaskan chinook catch was in 1982 with 17 million pounds. The
1982 catch was approximately 57% above that of the actual 2005 catch and the exvessel
price was $1.59 per pound.

Discussion
The Alaskan salmon fishing industry has experienced great changes since the
1980s. Exvessel prices have been volatile and decreasing. Current exvessel prices are far
below their peak in the late 1980s. Many studies documented the effects of ever
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increasing quantities of farmed salmon on exvessel prices offered for wild salmon (Asche
1997, Asche et al. 1999, Herrmann 1993 and 1994, Herrmann et al. 1993). This study has
shown that the downward pressure on wild salmon, from farmed salmon and trout,
remains.
The sensitivity analyses indicate that while substantial increases in Chilean
production of Atlantic salmon, coho salmon, and trout, without concomitant increases in
consumer demand are likely to further decrease exvessel prices for Alaska fishermen, the
relative magnitude of these impacts are likely to be substantially less than the relative
magnitude of impacts experienced in the 1990s. We have found that Chilean Atlantic
salmon, primarily exported to the U.S., would decrease the exvessel prices and revenues
for both Alaskan coho and chinook salmon. For instance, increasing total Chilean
Atlantic salmon exports by 30% would lower exvessel revenues from Alaskan chinook
landings by approximately 10% and would reduce exvessel revenues from Alaskan coho
landings by 20%. Chilean coho salmon and trout are most frequently exported to Japan
where the demand for Alaskan sockeye is estimated to drop by as much as 18% in
response to a 30% increase in Chilean production of coho and trout. Of course, as
mentioned earlier, this sensitivity analyses simulate instantaneous changes without giving
the market a chance to adjust; therefore these impacts can be considered to represent
upper bound estimates of long-term changes in exvessel prices and revenues.
The model suggests that there is statistical evidence that Chilean and Canadian
Atlantic salmon are competitors on the U.S. market, the key export market for both
countries. Thus, an increase in production of Chilean or Canadian Atlantic salmon is
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estimated to decrease in the other exporter’s price as well as decrease exvessel prices for
Alaskan chinook and coho salmon.
Adjusting Alaskan production quantities is not as easy as adjusting levels of
farmed salmon production. Catch limits are set by biological factors in order to prevent
overfishing and depletion of wild stocks. While Alaska uses hatcheries to enhance
production of salmon, most hatchery operations are used to produce low-value salmon
species and there is open debate about the efficacy of hatchery supplementation as well as
open debate about the financial and economic sensibility of run-supplementing
hatcheries. Even so, this study explores the effects of changes in Alaskan salmon
production on exvessel prices and revenues. When increasing production of chinook and
coho by 200%, we can see that there exists a point when the revenues gained by
production reaches a maximum and greater production would result in a decrease in
revenues. However, even with a 200% increase in the production of sockeye, simulated
exvessel revenues to Alaska fishermen continue to increase.
With all of the changes that the Alaskan salmon industry has endured over the
past two decades, the model suggests that future impacts of increased aquaculture
production are unlikely to be as substantial as were the impacts felt in the 1990s.
Although prices are likely to not reach record highs again, they have leveled off a bit
since 2002. It may be that Alaska wild salmon marketing has been successful in securing
a loyal, niche market that will allow Alaska salmon to continue to prosper.
Overall, the increased production of farmed salmon has likely been the main
contributor to the erosion of Alaska salmon prices since their highs in the late 1980s but
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this has also added salmon to far more tables around the world. In the U.S., total salmon
consumption grew from about 287 million pounds in 1989 to over 661 million pounds in
2004 and Japan and European markets each consume over twice as much fresh and
frozen salmon as the North America market (Knapp et al. 2007).
A possible niche market has developed in areas where high-valued, wild salmon
has been the norm for decades. For example, in western Canada there have been
movements in order to reject farmed salmon products.

Farmed salmon producers in British Columbia came under increasing pressure in
March when two major restaurant chains announced that they would only serve
wild salmon.

The aquaculture industry has been feeling more heat lately after a sea lice
epidemic in the Broughton Archipelago that virtually decimated last year’s pink
salmon run in the area was linked to salmon farms in the area.

While saying they see nothing wrong with farmed salmon, representative of the
Milestones restaurant chain said the switch to wild salmon was a response to clear
consumer demands. (Pacific Fishing, April/May 2003)

In the Japanese market, the price of Chilean coho shows greater responsiveness to
the price of Chilean and Norwegian trout than to the price of U.S. sockeye. This

127

indicates that the fiercest competition in Japan may now be among farmed trout and
salmon and, with the imports of Alaskan sockeye salmon dwarfed by farmed salmon,
sockeye also may have seen its price bottomed out somewhat. All of the inverse demand
equations return positive coefficients for income variables indicating that salmon is an
income-normal good. Therefore, a strong U.S. and Japanese economy is a good sign for
Alaskan fishermen as well as Norwegian and Chilean salmon farmers.
The lagged variables in the U.S. inverse demand for Chilean Atlantic salmon and
the Japanese inverse demand for Chilean trout both returned positive and statistically
significant mean-level elasticities. These elasticities mean that the demand for each
product continues to grow as more of the products enter the market from year to year. In
other words, the market for these two products still has room to grow.
Wild salmon prices may not decrease all that much more even if technological
advances decrease the cost of production for Chilean salmon. Overall, continued
increases in farmed salmon may not have as much effect on wild salmon as they did in
the past because wild salmon has already been relegated to a niche market and has been
sold in the marketplace with farmed salmon for some time now. Also, if farmed salmon
supplies increase, they may continue to find new markets like they did in the U.S.
Midwest from 1989 to 2002.
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