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ABSTRACT

The purpose of this thesis is to investigate the impacts of changes in the
maximum residual limit (MRL) of the antibiotic oxytetracycline on international trade
in shrimp and prawns. The MRL is a food safety regulation set by the importing
country, which is not consistent among the major importing countries. Increasing
limitations on traditional barriers to trade over the past twenty years have caused
importers to use sanitary and phytosanitary (SPS) restrictions, such as food safety
regulations, as barriers to trade. Much research has been done to identify SPS
restrictions that limit trade and function as a barrier, but, while previous models have
looked at the effect of different regulations on seafood, to the best of my knowledge,
this is the first analysis on the effects of oxytetracycline regulation on international
trade of shrimp. This is of importance because shrimp is a highly traded and valuable
product that is created primarily in aquaculture. Focusing on a commodity mainly
produced in aquaculture helps to isolate the effect of the regulation, which only applies
to seafood produced in aquaculture.

This thesis uses a gravity model to analyze a panel data set including trade
values from top exporters of shrimp and prawns to top importers from 1995-2007.
The resulting coefficient for the MRL of oxytetracycline indicates whether the
restriction has a significant limiting effect on trade, and is then used in a series of
simulations of regulation change. These simulations estimate the trade effects of

harmonizing regulations on a number of different suggested MRL’s, as well as

viil



simulating the creation of an MRL for importers who have a zero tolerance policy in
place. The results show the MRL to be a limiting factor, and that a harmonization on
the recommended Codex Alimentarius standard would increase trade by 26% or $1.5
billion. Simulations of the creation of an MRL in countries with a zero tolerance
policy would increase trade by 43% or $2.5 billion. This effect is dominated by

imports to the US.
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Chapter 1

INTRODUCTION

1.1 Context for the Study

The creation and implementation of food safety restrictions on
international trade is both necessary and controversial. The clear objective of these
policies is to protect the safety of the citizens of the importing nation. However, there
is a possibility of ulterior motives driving this type of legislation, based more on
limiting trade than on protecting human health and safety. Traditional barriers to
trade, such as import tariffs, were limited by the creation of the World Trade
Organization (WTO) at the Uruguay Round of the General Agreement on Tariffs and
Trade (GATT) in 1995, and by other bilateral and multilateral trade agreements
created soon after. These limitations took effect simultaneously with the WTO’s
Sanitary and Phytosanitary (SPS) Agreement, which allowed for regulations that
limited trade on the basis of protecting human, animal and plant safety when legitimate
concerns were present. The ensuing creation of SPS regulations, including food safety
regulations, paved the way for a number of empirical works to investigate the size of
the effect of SPS regulations, to simulate scenarios of proposed changes to food safety
policy and to debate their function as a barrier or catalyst to trade and whether specific
regulations serve as legitimate restrictions or protectionist barriers.

The seafood industry is of particular interest in empirical studies that seek

to analyze the changes in the regulatory climate. The seafood industry is highly traded,



and its seafood products present a number of potential health risks, that makes the
industry ideal for this type of study. Studying the seafood industry is vital because the
industry is evolving and coping with issues in sustainable production. As wild catch
fisheries decrease in yield per effort and become less profitable, we need to better
understand how regulations affect trade of products created in aquaculture.

The shrimp industry is an appropriate focus for this study due to its
importance and relevance to the global market. Growth in the production of shrimp
has outpaced the growth of the seafood industry in recent years, increasing its overall
importance to the industry (see Figure 1.1). Trade of shrimp amounted to over US$14
billion in 2007, making it the largest seafood commodity in terms of trade value,
accounting for over 15% of the world’s US$94 billion trade in seafood (FAO, 2005).
Shrimp and prawns represent a large portion of aquaculture as it exists today. The
Whiteleg Shrimp and the Giant Tiger Prawn are the second and third most valuable
species of aquaculture, in terms of production, over the last ten years (FAO, 2005).
Aquaculture accounts for 70% of shrimp production, and 80% of the fish grown in
aquaculture are produced for export. This makes them not only important to the
industry, but also a viable candidate for this thesis, which examines exports of product
raised in an aquaculture setting. Shrimp are specifically important because of their
high value and the established pattern of trade from developing nations to higher
income nations. The shrimp industry has a high concentration of developing nation
exporters, who may be marginalized by strict food safety regulations (Essaji, 2008;
Disdier, Fontagne and Mimouni, 2008). Of the top ten producers (as of 2007), seven
were classified by the International Monetary Fund as developing or emerging

economies.



This study has specific relevance for the shrimp industry in the US. The
recent Deepwater Horizon Oil Spill on the US Coast of the Gulf of Mexico that
occurred from April until July of 2010 could have a severe impact on US shrimp
fisheries. A decline in the profitability of the shrimp industry will create even more
pressure on the US government to protect the domestic shrimp industry, and increases
the potential for new or continued non-tariff barriers to trade. This pressure must be
monitored to ensure that the ensuing actions are consistent with established trade

regulations.
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1.2 Thesis Objectives
This thesis seeks to investigate the trade effects of the regulation of an
antibiotic, oxytetracycline, used in the aquaculture production of shrimp and prawns
destined for international trade. More specifically this thesis will address a number of
specific objectives, as listed below.
e Determine if changes in the regulation of oxytetracycline levels in imported
shrimp and prawns have a significant impact on international trade
e Determine the effects (on individual countries and on global trade) of
harmonizing the regulations of the major importers on the level suggested
by the Codex Alimentarius, and the levels enforced by the EU and US
e Determine the effects (on individual countries and on global trade) of
creating an acceptable level of oxytetracycline in imported shrimp and
prawns for the group of countries that are currently enforcing a zero
tolerance policy
e Determine the effects (on individual countries and on global trade) of
creating an acceptable level of oxytetracycline in imported shrimp and
prawns for the US, who is currently enforcing a zero tolerance policy
¢ Determine whether restrictions on the level of oxytetracycline in shrimp
and prawns are being used as non-tariff barriers to trade, or purely as

legitimate SPS regulations.

1.3 Analytical Approach
To answer the research questions posed in the previous section, a panel

data analysis is used to estimate a gravity model of international trade in shrimp and



prawns. The gravity model has proved itself to be the preferred method for this type of
analysis, with one of the notable precedents being set by Otsuki, Wilson and Sewadeh
(2001). This thesis uses a similar estimation with random effects and fixed effects
regressions, as well as a Hausman Taylor instrumental variables regression model.

The coefficients estimated by these models are used to estimate the effects of changes
in trade policy through a number of proposed scenarios of global harmonization on
different established policies as well as scenarios of policy change of specific

countries. More information on the methods will be provided in Chapter 4.

1.4 Organization of Study

The rest of this thesis proceeds as follows. Chapter 2 presents a
background on food safety restrictions and the shrimp industry. Chapter 3 follows
with a review of the literature regarding similar empirical works. Chapter 4 details the
methodology for the empirical work. Chapter 5 presents the results of the current

analysis and Chapter 6 concludes with an interpretation of these results.



Chapter 2

BACKGROUND

2.1 Sanitary and Phytosanitary Regulations as Non-Tariff Barriers to Trade
Understanding the role of barriers to trade is essential to the study of
international trade economics. In the absence of barriers to trade we have a completely
free trade scenario that, while important to our theoretical foundations, has little basis
in reality, and cannot be used to accurately model actual trade scenarios. National
governments could use restrictive trade policies to protect domestic industry, protect
national security, retaliate against the actions of other trading partners, and to generate
revenues. While traditional study of barriers to trade is focused on protectionism
through tariffs, the past few decades have seen major changes in international trade
policy that have changed the concept of barriers to trade. The result is an increase in
emphasis on research focusing on non-tariff barriers to trade such as technical
regulations and sanitary and phytosanitary regulations, like food safety regulations.
Recent changes in international trade policy that altered the type of
barriers to trade enacted started as the result of a single event. The Uruguay Round of
the General Agreements on Tariffs and Trade (GATT) established the World Trade
Organization (WTO) on January 1, 1995. The WTO would be recognized as a more
formal international authority on trade than the GATT, and as a proponent for trade
liberalization around the globe. With the creation of the WTO came a number of very

influential trade agreements, including the Agreement on Agriculture. The Agreement



on Agriculture emphasizes domestic support and market access, and discourages the
use of tariffs, thereby severely limiting the ability of nations to distort agricultural
trade. Simultaneously, the Agreement on Agriculture created the Agreement on the
Application of Sanitary and Phytosanitary Measures (SPS Agreement) which states
that “members have the right to take sanitary and phytosanitary measures necessary for
the protection of human, animal or plant life or health,” which may directly or
indirectly distort trade (Briggs, 2005). While the Agreement on Agriculture removes
the traditional means of protectionist action by an importer, the SPS agreement has
simultaneously created a new trade distortion through the ability to enact SPS
regulations. While this trade distortion must be based on scientific fact, the
availability of differing scientific opinions and the difficulty of following up with a
complaint on the validity of an SPS regulation make this hurdle easy to overcome.

Along with the WTO and associated agreements, the 1990’s saw the
creation of trade blocs like the North American Free Trade Association (NAFTA), the
Southern Common Market (Mercosur), and the Association of Southeast Asian
Nations (ASEAN), as well as multiple bilateral and multilateral free trade agreements.
Through the creation of these trade liberalizing institutions, the ability for many larger
countries to impose tariffs was greatly reduced, and they were subsequently forced to
rely more heavily on technical barriers to control the international influence on
domestic agriculture (Calvin and Krissoff, 1998). The increase in these non-tariff
barriers coincided with a heavy increase in the amount of high value agricultural trade
and an increase in the market share in these commodities by developing nations

(Henson and Jaffee, 2006).



While SPS regulations are created with the idea of maintaining human,
animal and plant safety in mind, the increase in this kind of regulation at a time when
new producers are providing a higher proportion of the traded agricultural goods is
suspect. This could imply that measures are being enacted as a way to protect
traditional sources of these goods: from domestic producers, or from long term trading
partners that may have a specific relationship with the importer, like a current or
former colonial relationship or otherwise.

SPS measures are not intended to be used as protectionist measures. As a
result, the WTO encourages harmonization of standards on a set level that is supported
by scientific research. As a guide for policymakers, and as a point of reference in
times of trade disputes regarding food safety regulations, the WTO uses the Codex
Alimentarius. The Codex Alimentarius is a compendium of food safety standards,
guidelines and regulations developed and maintained by the Codex Alimentarius
Commission, a group created by the Food and Agriculture Organization (FAO) of the
United Nations (UN) and the World Health Organization (WHO) in 1963. The Codex
covers such diverse topics as procedures for assessing the safety of food products,
good practices for safe production, and guidelines for food product labeling. A full list
of the maximum residual limits of chemical residues (such as pesticides or antibiotics)
that is allowable on specific foods is included as well.

The WTO advocates policy harmonization, but this policy is not
universally agreed upon. While the motivation for harmonization is to prevent the use
of SPS measures as blatant protectionism, and to generally promote trade liberalization
and transparency, the arguments against harmonization are diverse. Harmonization

limits the ability of governments to cater policy to their unique situations. Wealthier



nations may maintain stricter food safety standards as a result of higher demand for
safe products from their wealthier consumers. Diverse standards can also be a reaction
to different food safety risks that may occur as a result of different pathogens being
able to survive in different climates and regions. Also, while developing nations may
see stricter regulations as an obstruction to their trade, they serve as counter-measures
for developed nations who resist lowering their environmental and labor standards to
compete with nations who maintain low cost advantage through their lack of high

standards (Mayeda, 2004).

2.2 Oxytetracycline Use and Regulation

This study focuses on one specific SPS regulation, the maximum residual
limit of oxytetracycline. Oxytetracycline is an antibiotic from the tetracycline family
of antibiotics, which are frequently used in veterinary medicine, with oxytetracycline
as the most commonly used of this class of antibiotics (Adams, 2001).
Oxytetracycline is used to treat a wide variety of domestic animals and is also used in
medicating humans (Plumb, 2002). This antibiotic has applications in many different
aquaculture scenarios and is commonly used in the farming of salmon, trout and
turbot, and is one of the most frequently used antibiotics in shrimp farming (Huss,
Ababouche and Gram, 2003). The aim of antibiotic use in aquaculture is not only the
treatment of bacterial disease, but is also utilized for prophylactic use, to prevent
disease, and also used as an agent to stimulate growth (Huss, Ababouche and Gram,
2003). The antibiotics are an important part of regular pond maintenance, as a
measure to prevent the devastation that bacterial outbreaks can cause to aquaculture.

Diseases like necrotizing hepatopancreatitis (NHP) (which is caused by a bacterial

10



infection) have crippled North American and Central American shrimp crops, killing
anywhere from 20 to 90% of the population (Briggs, 2005).

While antibiotics play an essential role in the viability of shrimp
aquaculture, they also pose a risk to human health. The main risk to human health
associated with the use of antibiotics in aquaculture is the risk of the development of
treatment resistant bacteria. The application of antibiotics, including oxytetracycline,
kills much of the bacteria in the system, and the remaining bacteria may repopulate as
a new strain that does not respond to conventional treatment. These stronger
pathogens can be transmitted to humans, and, due to the similarities between the
antibiotics used in aquaculture and in the treatment of humans, can create a much more
dangerous infection (Holstrom et al., 2003). The development of treatment resistant
salmonella is of particular concern for the shrimp industry, as salmonella is already the
most frequent cause for detention or rejection of imports of shrimp into the US, and is
a fairly common and dangerous bacterial infection in humans (Allshouse, et al., 2003).
The risk of harm to humans due to direct contact with oxytetracycline residues in
shrimp is very limited, with the most frequent toxic effects to humans manifesting
themselves as dermatitis on the skin of the workers who physically handle the
antibiotic treated fish feed (Holstrom et al., 2003). Other antibiotics have proven to be
more harmful when humans are directly exposed, such as chloramphenicol, which can
cause aplastic anaemia in humans (Huss, Ababouche and Gram, 2003). As a result,
chloramphenicols, and other hazardous antibiotics like nitrofurans, have been banned
by many importing countries, including the US and the EU (Allshouse et al., 2003;
Chen, Yang and Findlay, 2008).

11



Due to the risks associated with antibiotic use in shrimp aquaculture, the
FAO recommends limiting use to when it is unavoidable, and suggests never to use
them prophylactically (FAO, 2007). While the specific recommendations for using
antibiotics in shrimp aquaculture are complex, and while the risks are significant
enough to recommend using them sparingly, antibiotics are widely available, easy to
obtain and are a part of many of the shrimp feeds commercially available in Asia
(Lebel et al., 2002). The ease of obtaining antibiotics in shrimp feed contributes to a
growing problem with the misuse of these antibiotics. A lack of education for farmers
who treat heavily with antibiotics often results in their use of antibiotics to treat
viruses, like white spot virus which have no response to the antibiotics (Guardabassi,
Jensen and Kruse, 2008). Shrimp farmers could greatly reduce the risk of rejection or
detention of product based on the detection of high levels of antibiotics detected by the
importer if they would refrain from applying antibiotics in feed seven days prior to
harvest, something that could be made clear with even a moderate level of education
(Bermudez-Almada et al., 1999).

Knowledge of the risks to human health and safety connected with seafood
prompted changes in the regulation of these products over the course of the 1990’s and
early 2000’s. In 2003, the EU imposed MRPL (Minimum Required Performance
Limit) legislation, which has a direct impact on antibiotic regulations. MRPL sets
standards for the technology used to analyze imported foods, and requires that all EU
member countries use technologies that can detect veterinary drugs, pesticides and
other contaminants to a set minimum concentration level. Prior to this regulation, the
ability to detect small quantities of a chemical was not uniform in all member states.

This regulation has particular application in shrimp with antibiotics that are banned in

12



the EU. By setting a standard that results in detecting smaller concentrations of
antibiotics like chloramphenicols and nitrofurans which are banned, the regulations
become much stricter. Japan also passed regulations that affected the regulation of
antibiotics permitted in seafood, with the passage of the Food Safety Basic Law, an
amendment to the Food Sanitation Law, in 2003. The creation of the Food safety
Basic Law changed Japanese regulations such that chemicals without a specified
permissible maximum residual limit (MRL) are under a complete ban. Previously
these chemicals were not prohibited, so this change in policy represents a major move
towards a more conservative food safety policy, and the strictest regulation among the
top importers of seafood (Nguyen and Wilson, 2009).

While less related to the MRL of antibiotics, the US also made major
changes to food safety policy when they required the producers and exporters of
seafood to the US to be HACCP certified in December of 1997. HACCP, Hazard
Analysis Critical Control Points, is a system of risk prevention that focuses on
identifying specific points of potential contamination and taking the appropriate steps
to adjust processes to create a safer product before it reaches the US border. This
lower risk should lessen the burden of inspections on the US side, which can only
feasibly investigate a small sample of what arrives for import, while still functioning
as a responsible safeguard against allowing unsafe food into the country. With
changes to the regulations in the EU, Japan and the US, exporters now face a variety of
different regulations depending on which major importer is their key trade partner.

The MRL’s of oxytetracycline also vary from country to country, despite
the better efforts of the Codex Alimentarius Commission. Different standards are set

by the US, the EU and Japan, with other major importers falling in line with the same
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standard as one of these three countries. Japan follows the recommendation of the
Codex Alimentarius, and the EU has a stricter regulation, which is supported by
research done by the European Agency for the Evaluation of Medicinal Products’
Committee on Veterinary Medicine. The US maintains a more lenient standard,
created by the Food and Drug Administration (FDA), which applies only to certain
species of fish and lobster, but not to shrimp and prawns. Because shrimp and prawns
are not included in this definition, they are subject to a zero tolerance policy upon
import to the US, making them the strictest of these three major importers for the
regulation of oxytetracycline in shrimp and prawns. Shrimp exports to Australia,
Canada and Korea also fall in a similar scenario, facing a zero tolerance for
oxytetracycline while other fish are subject to regulations in line with the Codex

Alimentarius.

2.3 The Seafood and Shrimp Industry

Just as regulations in the seafood industry are changing over time, the
seafood industry is a growing and evolving industry that relies heavily on international
trade and thus provides a sound basis for this study. Total international trade of
seafood in 2007 amounted to over $99 billion, more than triple the amount from 1987,
with over $13 billion being brought to the largest importer, the US (FAO, 2005). This
high value of international trade accounts for over a third of global production,
showing that international trade is of paramount importance to the survival of the
seafood industry (FAO, 2008). The seafood industry has seen an increase in the
amount of international trade through the second half of the twentieth century
(particularly in the 1980’°s and 1990’s) that was largely the result of the declaration of

exclusive economic zones (EEZ’s) that generally extend 200 miles off the coast of
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many nations, which prevent foreign fleets from controlling the domestic fisheries
industry, and creates opportunities for domestic fisherman and export programs
(Anderson, 2003).

Another important trend in the recent evolution of the seafood industry is
the growing role of aquaculture as a means of production (see Figure 2.1). Growth in
aquaculture production has been steadily increasing since the 1980’s, contributing
almost half the fish used for human consumption in the 2000’s, due in part to changes
in the cost of wild fishing, specifically the cost of fuel, a reduced supply of wild fish,
and increase opportunities for export (FAO, 2008). While some fish is farmed to meet
domestic need, such as farm raised carp in China, most of the fish produced in
aquaculture is high-value product that is raised for export (Anderson, 2003). The
seafood industry has developed into a heavily traded, high value industry that generally
sees exports from developing nations to developed nations. This is largely due to the
creation of new domestic fishing rights, increases in aquaculture production, and
changes in consumption patterns.

The US is one of the largest import markets for shrimp, but the US also
has a vibrant domestic shrimp industry, based mostly on wild-catch fisheries in the
Gulf of Mexico. These producers respond to international trade conditions and have
proven to have an effect on US trade policy through industry associations that appeal
for government action on changing trade conditions. This is an important
consideration while examining SPS restrictions on imports of shrimp in the US, where
producers have lobbied for retaliation against the dumping of low price shrimp on the

US market from low cost, foreign producers (Debaere, 2005).
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The seafood industry, and the shrimp industry in specific, is also important
to study in the context of food safety due to some of the specific associated health
risks. The presence of a high number of developing country exporters who may have
only basic infrastructure increases the risk of contaminants in exports, which may be
exacerbated by toxins and bacteria that are native to the tropical areas that produce
much of the supply of seafood (Allshouse, 2003). Seafood can be tainted with any of
the contaminants in the water they live and eat in, and high volume aquaculture
facilities provide additional risks which create an environment that needs to be
carefully controlled to avoid this contamination (Kautsky et al., 2000). Potential
seafood hazards that could affect human health include bacteria, virus, naturally
occurring toxins, parasites, and chemical residues. Upon entry to the US, shrimp
account for the highest number of FDA detentions (1043 of a total 4451 detentions in
2001), in a large part due to the high volume of imports of shrimp (Allshouse, 2003).
While most of these detentions were due to salmonella, oxytetracycline regulation is a
more appropriate one to be studied because oxytetracycline regulations involve a
maximum residual limit that differs between nations, and not a universal outright ban.
The stratification of these limits among major importers provides a framework
accessible to the gravity model that can be used to show how modifications to each
countries requirement would affect international trade.

In addition to the potential food safety hazards of seafood, there is also a
need to study regulations that pertain specifically to aquaculture because while
aquaculture production continues to increase, the fisheries industry will see little to no
growth in the near future, meaning that aquaculture will be responsible for a growing

percentage of the seafood products consumed over time (Smith et al., 2010).
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Overtfishing of global marine ecosystems has become so devastating that some
researchers contend that all commercial fisheries will be collapsed by 2048 (Worm et
al., 2006). While these findings are extreme and highly disputed, they are a part of an
overwhelming general sentiment that irresponsible fishing has contributed to very
serious damages to marine ecosystems (Longhurst, 2007; Branch, 2007). The effects
of overfishing are felt well beyond the confines of the segments of the industry
responsible for overfishing. The increased catch of apex predators (fish that have no
natural predators like large sharks) has crippled populations, which has opened the
door for an explosion in the number of the meso-predators that they would normally
feed on, like smaller sharks, skates and rays. As a result, the abundant species of
meso-predators has overfed on their natural food source, bivalves like clams and
oysters, effectively destroying the commercial shellfish industry in some regions
(Myers et al., 2007). The negative effects of commercial overfishing emphasize the
importance of aquaculture in the future of the seafood industry. Aquaculture is
becoming important, not only as a potentially more sustainable alternative, but also as
a more cost effective method. As a constant (or even growing) number of fisherman
compete for a declining number of fish, the return to fishing becomes less and less.
As awareness of the issues with current fishing practices increase so does
the consumer demand for sustainable seafood from renewable sources. Aquaculture
may seem to be the less harmful alternative, but the case is not so clear with shrimp
aquaculture, which poses several threats to the ecosystem. Shrimp farming operations
are generally located along the coastline, and exist in varying levels of intensity. A
less intensive situation is very basic and may consist of a section of the coast that is

enclosed and harvested, while a more intensive situation may consist of an area of
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coastal forest that is cleared so ponds can be created where shrimp are raised and
harvested. Less intensive scenarios are better for the local ecosystem and less
demanding in terms of input cost, but more intensive operations are becoming more
common due to higher yields and higher profit margins. Intensive shrimp farming
operations frequently require the clearing of mangrove forests, which not only provide
a habitat for many other species, but also act as a natural biofilter for the ecosystem.
Mangrove forests are a necessary part of the coastline because they maintain the
cleanliness of the water, and also provide some protection to the villages along the
coast from dangerous weather occurrences (Lebel, 2002). Shrimp farms also have a
negative impact on the ecosystem because they require the extraction of females from
the natural habitats to supply the ponds with juvenile shrimp. This may directly harm
the shrimp population, or could pose a threat to other species if by-catches are too
great (Lebel, 2002).

Once the shrimp are placed in an intensive farming situation, the high
density of shrimp in these ponds contributes to pollution in the external ecosystems
through the regular tidal flow of water out of the pond and into the surrounding
waterways, distributing water contaminated with chemicals, antibiotics, effluent, pond
sediment, and other contaminants (Lebel, 2002). The crowded state of the ponds
frequently leads to their demise, through disease, which is more easily spread in a
crowded scenario, and self-pollution (Kautsky, 2000). Issues with disease and a lack
of profitability due to the frequent and dramatic changes in global pricing lead to the
failure of many farms and the abandonment of most ponds within five to ten years of
their creation (Kautsky, 2000). These environmental concerns provide an argument

for developed nations to avoid accepting imports from poorer nations.
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Chapter 3

REVIEW OF LITERATURE

3.1 General Analysis of SPS Restrictions
The increase in the amount of trade associations and bilateral trade

agreements, along with the creation of the WTO and the SPS Agreement in the 1990’s,
spurred on an increase in the amount of studies on non-tariff barriers to trade, and the
effect of SPS regulations in specific. An early example is Paarlberg and Lee (1998),
which utilizes a perfectly competitive, partial equilibrium model to determine the level
of a trade barrier when an incremental tariff is applied as a reaction to heightened food
safety risk. In this case, the exporting country is producing cattle with a risk of
contaminating the domestic (US) herd with Foot and Mouth Disease, with the year
1986 as the baseline. The study showed how the tariff responded not only to the risk
of importing the disease, but also to the change in welfare loss of the domestic industry
that would result from an outbreak. The strength of this paper is that it looks not only
at the economic losses of an outbreak, but also takes into account the loss in welfare as
a result of the restriction, and builds the incremental tariff scheme to maximize
welfare. As the risk becomes greater, the welfare maximizing tariff quickly becomes
prohibitive to trade.

Peterson and Orden (2005) use a similar model to investigate trade flows
of high value and low value poultry product around the world, in the presence of

tariffs, tariff-rate quotas, and sanitary barriers using the base year of 1998. This model
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is similar to that of Paarlberg and Lee (1998), but with the introduction of
heterogeneous goods to create a more realistic model of international trade. The
authors are able to use the model to identify and quantify the winners and losers in
multiple simulations of the reduction of existing trade barriers. The work shows how
imposition of new sanitary requirements on US poultry imported into Russia diverts
trade flows away from the original destination, but have very little impact on the
importers in the long run. One of the important gains of Peterson and Orden (2005) is
using heterogeneous goods to create a more realistic scenario. The model used in this
paper relies on the assumption that the difference between domestic price and world
price is the effect of the barrier being studied, and not any other variable (Calvin and
Krissoff, 1998). While the introduction of heterogenous goods creates a more realistic
model of trade, it does not take into account other possible variables that could
account for this gap.

Liu and Yue (2009) follow with a similar method of estimation, but relax
the assumption that a single variable accounts for this gap. They contribute to the
existing body of work by controlling for customs and administrative procedures and
SPS restrictions on the import of cut flowers into Japan between 2002 and 2007. By
introducing additional barriers to trade to their analysis, the authors are able to begin to
address the assumption that the barrier being studied is the only significant non-tariff
boundary. Their model is able to show that the combination of two non-tariff barriers
is equivalent to a prohibitive tariff of approximately 104%. Most of the restriction
resulting from the SPS restriction which has an 88% tariff equivalence, as opposed to

only 16% as a result of customs and administrative procedures.
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Calvin and Krissoff (1998) also use a similar method in one of the earliest
attempts to quantify non-tariff barriers to trade when they examine the effects of SPS
restrictions on US exports of apples to Japan between 1994 and 1997. By estimating
the trade barrier’s tariff rate equivalence, the authors are able to show that with the
removal of the trade barrier, imports from the US would increase by an average of
$38.9 million annually. This approach estimates the difference between domestic and
world price, with respect to the losses that would result from the introduction of a crop
disease from contaminated imports of apples. After estimating the dollar value gains
to trade, and associated welfare gains from trade it is concluded that the gains from
trade outweigh the negative consequences of disease transmission. The consideration
of domestic producer losses is mostly absent from later empirical works, which tend to
focus on the quantifiable trade effects of the removal of existing trade barriers. These
papers are all fundamentally in agreement that the SPS measures in question are overly

restrictive.

3.2 Analysis of SPS Restrictions Using Alternative Methods

Other empirical studies have used different methodologies to solve more
specific problems. For example, Yue and Beghin (2008) use the Kuhn-Tucker
modeling approach to incorporate consumer choice into a model they use to estimate
the tariff equivalence of forgone trade in the case of a prohibitive tariff. The paper
examines SPS restrictions in Australia that prevent the import of apples from New
Zealand from 2003 to 2005. While the previously mentioned analyses require trade to
examine what effect proposed policy changes will have, Yue and Beghin (2008) are
able to use the price of similar products in the importing country (Australia) to

estimate the tariff equivalence of the prohibitive SPS barriers. Even without trade
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data available from New Zealand to Australia, Yue and Beghin (2008) are able to
estimate that the removal of these policies would result in a net welfare gain of $50
million for Australia.

Maskus, Otsuki and Wilson (2005) construct a cost function to examine
the specific costs of compliance with food safety restrictions for developing country
producers. This takes a different route from most previous works, which focus on
forgone trade. This approach challenges the outright push for harmonization on a
single set of standards, which may not increase welfare outright when the additional
costs of compliance are taken into account. The analysis uses cross sectional data
from survey done by the World Bank in 2002 on Technical Barriers to Trade in
developing countries. The paper concludes that a greater cost of compliance was
normally associated with a higher variable cost. This indicates that developing
countries do not only need to undergo one-time infrastructure improvements to comply
with stricter SPS regulations, but also need to participate in costly production
improvements that may eradicate the competitive advantage achieved through low

production cost.

3.3 Standards as Barriers or Catalysts

Specific questions about sanitary and phytosanitary restrictions are
answered using a variety of methods, but a growing number of papers discuss the more
general question of whether or not this type of regulation functions as a barrier or a
catalyst to international trade. Essaji (2008) uses an instrumental variable least
squares regression approach with a large dataset to analyze the specialization of
developing countries away from highly regulated industries. This analysis creates a

single index to account for a wide variety of non-tariff barriers, collectively referred to
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as technical regulations. The large set of countries used in Essaji (2008) allows
conclusions to be drawn about entire sets of countries, grouped by common
characteristics, rather than just examining the relationship between a specific pair of
countries. The primary result of this paper is that poorer countries have a tendency to
not specialize in industries with a high level of technical regulations. While the
previously reviewed papers focus on the trade effects of specific disputes, Essaji
(2008) looks at the capacity to comply with technical regulations and asserts that strict
regulations have a bias against poorer countries. Results from this study indicate that
international aid designated for trade projects should be directed to help poorer nations
meet technical regulations required for exports, in terms of infrastructure
improvements, and related variable costs.

The conclusions of Essaji (2008) seem to follow with logic by suggesting
that new regulations will create distortions that have a negative impact on trade. The
proliferation of the use of SPS measures created the debate of whether these
restrictions are purely barriers to trade or if they could prove to serve as catalysts to
trade for some groups countries who could gain comparative advantage in their ability
to comply with strict measures (Henson and Jaffee, 2006; Anders and Caswell, 2009).
The ability to focus on one group based on common characteristics creates the
opportunity to examine winners and losers in more specific contexts, and to see if the
logic from Essaji (2008) holds true in all scenarios. Henson and Jaffee (2006) review
a number of papers on the topic, and present the abundance of SPS regulations as a
potential source of competitive advantage for exporters, rather than focusing on it as a
protectionist measure from importers. This point of view seems to promote the

strategic positions of countries that have an established export industry that can be
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adapted to better serve a discerning food safety environment, and makes the suggestion
to donors of international aid to focus on this capacity for countries that cannot meet
new requirements. Similarly, Anders and Caswell (2009) show that the standards as
catalysts view may still prevail for developing countries if a developing country is
established as a major player in that industry. The standard may still prove to be a
barrier to entry to developing countries that are new entrants to the industry.

These studies hold the optimistic view that restrictions may not have a
distinctly negative impact on poor nations, but there is still evidence to that suggest the
opposite. Disdier, Fontagné and Mimouni (2008) utilize panel data on agricultural
trade from 1990 to 2004 with a large group of countries to show that, while trade flows
between OECD countries are relatively unaffected, exports from developing countries
are negatively affected by the application of SPS restrictions. Effectively, this shows
that these regulations may not be universally restrictive, but may have disparate

negative impacts on nations lacking the capital and infrastructure to comply.

3.4 Analysis of Restrictions of the Maximum Residual Limit of Toxins in Food

Otsuki, Wilson and Sewadeh (2001) use the gravity model to estimate the
elasticity of aflatoxin standards on exports of cereals, dried fruits and nuts from
African producers. Aflatoxin standards are defined by the maximum residual limit
(MRL) of the toxin that an importing country will permit to be detected on an inbound
shipment. The authors model exports from nine African exporting countries to fifteen
European countries between 1989 and 1998. Their gravity model accounts for
geographic distance between the two nations, each country’s gross national product,
the importer’s aflatoxin standard, and whether or not the trading partners have a

colonial relationship. The inclusion of these variables creates a realistic scenario that
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provides robust results. The model’s strength is shown by finding the export elasticity
of the restriction, and using it as a means of predicting the level of foregone trade
resulting from a new, stricter standard in the EU, and the possible outcomes from other
levels of the restriction. The authors find that the new standard would reduce African
exports by $670 million, eliminating a risk comparable to saving only 1.4 lives out of a
billion.

Wilson and Otsuki (2002) used a similar methodology in an investigation
of the trade impact of restrictions on the level of pesticide residue on bananas. The
panel data used contains trade flows from banana producers in Latin America, Africa
and Asia from 1997 to 1999. There are a few key differences in this paper that build
upon the earlier use of the gravity model in Otsuki, Wilson and Sewadeh (2001). The
latter paper looks at a broader group of countries on both the exporter and importer
side. This enables the authors to examine the changes to an entire industry rather than
to two groups of similar countries. To accommodate this less homogenous group of
countries, a larger number of variables are included, using equivalent variables to the
first, as well as variables to account for free trade agreements, rainfall, and dummies
for specific regions. This empirical investigation uses the elasticities derived from the
gravity model of banana trade to simulate a number of scenarios, including
harmonization to the maximum residual level recommended by the FAO’s Codex
Alimentarius. Harmonization on this standard, which is backed by scientific analysis,
results in an increase in banana trade of US$3.5 billion as compared to the current
level of trade, with stratified pesticide residue standards.

Restrictions on pesticide have a more direct connection to producer

introduced pathogens than aflatoxin restrictions, which focus on a naturally occurring
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toxin. In this way, regulations on pesticides sprayed on crops and antibiotics fed to
livestock have an analogous focus, and function similarly in the context of the gravity
model of trade. Chen, Yang and Findlay (2008) add to the literature by using a gravity
model to examine Chinese exports of vegetables treated with the same pesticide
(chlorpyrifos), as well as exports of seafood that are restricted based on residual levels
of an antibiotic (oxytetracycline) from 2002 to 2004. Both restrictions have a
significant negative impact on Chinese exports, and the authors chose to use this as
evidence for the need for transparency of standards by importing authorities rather than
arguing that it was unnecessarily restrictive.

Wilson, Otsuki and Majumdsar (2003) also use the maximum residual
level of an antibiotic in a panel data study, modeling international trade of beef from
1995 to 2000, as related the use of tetracycline antibiotics. The paper shows that the
antibiotics do have a significant negative impact on international trade of beef. The
resulting coefficients are used to estimate scenarios of harmonized standards, with the
Codex Alimentarius, as well as with the level of regulation in the US. An interesting
set of conclusions regarding the outcomes for different exporters can be drawn from
this paper that is not able to be ascertained from Chen, Yang and Findlay (2008), who
examine only exports from China. Wilson, Otsuki and Majumdsar (2003) conclude
that the harmonization on new standard will have a negative impact on exporters who
were only able to export to importers with the least stringent standards. This has the
potential to decrease exports from the poorest countries, but could also emphasize the
need for the countries with the most potentially harmful product to improve their

infrastructure.
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3.5 The Analysis of SPS Regulations on Seafood

The effect of SPS regulations has also been investigated in the context of
international trade in seafood. Anders and Caswell (2008) measure the effect of a
change in US import policy, the requirement of HACCP certification for exporters of
seafood, on imports of seafood into the US from 1990 to 2004. HACCP is a
certification signifying that a producer/exporter has ensured that safe practices are
adopted, thereby reducing the threat of unsafe food by monitoring the point of
contamination rather than at the point of entry to the US. Because this regulation
cannot be quantified, its trade effects cannot be directly observed. Instead, a dummy
variable was added to the model which equals zero for the trade years prior to the
regulation, and equals one in the subsequent years. This creates a variable that
measures the difference before and after the regulation. The coefficient of the dummy
is negative and significant, indicating that the regulation functions as a restriction to
trade. The true value of the study is the results when specific country groups are
studied, instead of the simple aggregate of countries. They found that the regulation
has a negative effect on developing countries, but no effect on OECD countries,
implying that the restriction functions as a barrier to poorer countries only. When the
countries are grouped according to their size as a player in the seafood industry, a
different story unfolds. Countries that are well established in the seafood industry and
function as major players increased their trade after the regulation, while smaller
countries/newer entrants had a negative change in trade.

Nguyen and Wilson (2009) provide another example of the gravity
equation being used to describe the effect of food safety regulations on international
trade in seafood. This study replicates the work of Anders and Caswell (2008),

making a number of extensions. First, instead of measuring the effect of imports only
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into the US, this study measures imports into the US, the EU, and Japan. The study
uses HACCP as the US regulation, and uses changes in food safety standards in the
EU and Japan that can also be examined in the context of trade before and after the
new standards. These three standards are analyzed both as a single variable and
individually. Another notable extension is that the paper disaggregates the traded
commodity by product group, by examining aggregated seafood first, and examining
disaggregated groups from a secondary dataset after. Finally, this paper adds to
Anders and Caswell (2008) by updating the gravity model to reflect a more
theoretically consistent model, as proposed by Baier and Bergstrand (2007), which will
be discussed in greater length later in this thesis. Nguyen and Wilson (2009) conclude
that the new regulations do have a negative impact on trade. The impact is more
significant for the low value products, which are mainly shipped from developing
countries to developed countries.

Other investigations have examined the effects of regulations specifically
on the international trade of shrimp and prawns. Debaere (2005) provides empirical
evidence to support the theory that the trade policies enacted by large countries with
significant market share have an impact on international prices and on the welfare of
the country enacting the policy, as well as others. This investigation looks at European
trade policies limiting shrimp trade, and the resulting low prices and dumping suit in
the US. The paper derives a price function based on a CES utility function, and uses
that to specify a regression model showing that the trade policies are a significant
factor in the pricing and consumption. Cato and Lima dos Santos (1998) examine the
monetary impact of a more specific policy change, a European ban on imports of

shrimp from Bangladesh. This work uses survey and secondary data to estimate the
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total cost of the ban to processors of shrimp. The ban, and the resulting changes to the
price structure of exports to the remaining importers, cost the Bangladesh shrimp

industry over US$14 million.

3.6 Contribution to the Literature

As shown in the previous sections, there is an existing body of work on
the effects of SPS restrictions on international trade, but there is still much work to be
done to fully understand and evaluate this growing category of restrictions. This thesis
will attempt to add to the existing literature in a number of ways. First, to my
knowledge, no previous studies have analyzed this issue in the context of the shrimp
industry, although others have studied the seafood industry in aggregate, or even with
broad product groupings, such as Nguyen and Wilson (2009), which examines seafood
disaggregated to the level of fresh fish, dried fish, and mollusks and crustaceans. By
focusing on this specific product group, this analysis will eliminate many of the other
products in a more aggregate heading that may not fall under the scope of the
regulations, and would not be affected by changes to policy. This focus maximizes the
chances of obtaining a more accurate result that is a better representation of the actual
trade effects of the regulation. The shrimp industry is an appropriate choice due to the
size of the industry, the industry’s reliance on international trade, and the high
percentage of production in aquaculture. Chen, Yang and Findlay (2008) observe the
effect of oxytetracycline restrictions on exports of seafood from China. Regulations
on oxytetracycline only apply to seafood produced in aquaculture, which is appropriate
for China, one of the few countries that produce a large majority of seafood in
aquaculture. In order to create an industry-wide study, it is necessary to focus on a

product group that is produced mostly in aquaculture, such as fresh and frozen shrimp
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and prawns. Nguyen and Wilson (2009) take the basic framework of Anders and
Caswell (2009), but disaggregate the broad seafood product group to three sub-groups:
fresh and frozen fish, dried, salted and smoked fish, and crustaceans and mollusks. By
disaggregating to this level, it is easier to identify that the restrictions do not have a
significant impact on dried, salted and smoked fish, which are less likely to contain
living pathogens (Huss, Ababouch and Gram, 2004). Still, none of the categories
focus on wild-catch versus farm raised seafood, and, hence, not specifically accounting
for the impact of policies regarding the use of chemicals in aquaculture.

A second advantage of this research is the quantifiable variable for the
restriction. Anders and Caswell (2009) also use the gravity model to describe the
effect of restrictions on seafood trade, although their study uses a dummy variable for
the restriction, the US requirement that exporters be HACCP certified, in the gravity
model. Nguyen and Wilson (2009) also use dummy variables for the restriction, using
HACCEP for the US and comparable regulations for Japan and the EU. Using non-
quantifiable regulations as the variable of interest allows for comparison of the trade
levels before and after the requirement of the new policy, but doesn’t allow for
simulating the effects of marginal changes to policy. This creates a different type of
analysis when compared to the relatively stratified data of the pesticide and antibiotic
maximum residual limits. Focusing on the effects of oxytetracycline makes it possible
to view the differences between different trading partners with different levels of
regulations, as well as any changes to oxytetracycline policy over time. After
estimating the coefficient of this variable, it can be used to estimate the trade effects of
changing the level of this restriction. The implication of this is that the coefficient can

be used to estimate scenarios of harmonized restrictions across major importers, who
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now exist in a state of stratified restrictions. For purposes of comparison, the models
are estimated with a dummy variable comparable to the dummy variables in Anders

and Caswell (2009) and Nguyen and Wilson (2009).
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Chapter 4

METHODOLOGY

4.1 Econometric Model

The purpose of this thesis is to investigate the effect of oxytetracycline
standards on the international trade in shrimp and prawns. To achieve this objective, a
gravity model of international trade is used to estimate an equation that describes trade
flow of shrimp and prawns with respect to the size and relationship of the trading
partners, and use the resulting coefficients to estimate scenarios of policy changes and
harmonized restrictions among major importers. This procedure uses a methodology
similar to that used in Chen, Yang and Findlay (2008) to describe Chinese exports of
seafood and in Wilson, Otsuki and Majumdsar (2003) to describe international trade in
beef. These papers extend the study by Otsuki, Wilson and Sewadeh (2001) by
applying the model to the regulation of tetracycline standards. This thesis adds to the
existing body of literature on this topic by focusing on a specific seafood product to
better estimate the effects of oxytetracycline standards on trade in shrimp and prawns.
This is in contrast to previous studies that have looked more broadly at trade in

seafood, much of which is not affected by the stated regulations.
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4.1.1 Gravity Model
This thesis uses the gravity model of international trade to estimate the
impact of oxytetracycline on international trade in shrimp and prawns. The gravity

model uses the same intuition as the scientific equation for gravity:

Gravity = f(Mass,, Massy, Distance,y) (D)
For the gravity model of trade, economic mass and economic distance are used. A
factor for the size of the economy is used as the mass variable, and the costs and
barriers to trade (including geographic distance) are used as the distance variables. In
this case, exports from a group of major exporters are examined using the following
equation:

EX; = f( X;, X;, Dyj) (2)
Where EX;; is the amount of exports from country i to country j, X; is the exporting
country mass, Xj is the importing country mass, and D;; represents the economic
distance terms in the model. The economic distance includes all variables that create a
resistance to trade between two nations, such as geographic distance, differences in
culture, and trade policies. By controlling for each country in the analysis, and for
distance terms, the study can obtain a meaningful coefficient for the variable in
question in our investigation. In this case, an SPS measure is being examined, which
enters our model as a distance term. To estimate the model, a logarithm of exports is
regressed on the logarithms of the exporting country supply, importing country
demand, and the distance terms. For this investigation I will use the following
equation:

InEX;; = o + f1 nOPT; + B, InGDP; + 5 DIST}; + f4 InEXCH;

+ Bs INMRL; + By LANG;; + B APEC;; + Bs EU;j + & €)
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Where [nOPT; is the output of shrimp of the exporting country (to account for supply),
and GDP; is the gross domestic product of the importing country (to account for
demand). The distance terms in the model are distance (DIST}j), the exchange rate
(EXCHj), and our variable of interest, the maximum residual level of oxytetracycline
(MRL;). Also included as distance terms are a dummy variable for a common
language (LANG;;) and variables to account for joint membership in trade associations

(APECU and EUU)

4.1.2 Modifications to Gravity Model Specification

The gravity model has become a popular choice as an empirical tool for
modeling trade scenarios, but it is based on intuition rather than economic theory.
Anderson (1979), developed a microeconomic theoretical foundation for the gravity
model of trade and the subsequent empirical specification. The original model
Anderson (1979) bases this theoretical justification on can be written as:

Inxj=a1+aIny+azIny +asInd;+ o d; + ¢ 4)
where x;; is the dollar value of trade from country i to country k, y; and y; are incomes,
d;j is the distance between the trading countries and J;; is a lognormally distributed
error term with mean zero. Anderson (1979) rethought the original equation as a
permutation of an expenditure function, with the new assumptions that preferences of
each country are identical and each country’s goods are unique and serve as imperfect
substitutes for that of another region. This work provided rationale for the income
variables and the log basis for the log linear form of the equation. Bergstrand (1985)
follows this work with an additional theoretical justification. Bergstrand (1985)
focuses more on the supply side, showing a connection between factor endowments

and bilateral trade. While the work provides justification for the inclusion of price
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terms, they are complicated and do not reduce into a form that can be easily used
empirically.

Anderson and van Wincoop (2003) provide a work to not only justify the
model theoretically, but improve the empirically implementable equation:

In (x; / yy) = oy + az Indjj + o (1-05) = In P —In P' " + ¢; 5)
where P; and P; are consumer price indices of the trading nations and o is the elasticity
of substitution between all goods. The difference from the original model is the
scaling of the dependent variable by the product of the trading partners’ GDP’s, and
the addition of multilateral resistance terms in the form of the price term. The scaled
dependent variable enforces a unitary elasticity of income to imply the presence of
normal goods, and the price terms correct for some of the omitted variable bias present
in the original gravity model. Baier and Bergstrand (2007) modified this model
further, by showing that the multilateral resistance terms could be included in the form
of country pair and country-by-time fixed effects.

In (x;; / yiyy) = o1 + o+ aie + aje + az In djj + a3 (1-6;)

—In P —In P +¢; (6)
where o;;represents country pair fixed effecs and a;; and a;; are country by time fixed
effects.

These updates to the general model specification are taken into account in
this study in the form of country pair and time fixed effects to account for the
aforementioned multilateral resistance terms, following the example of Baier and
Bergstrand (2007). Baier and Bergstrand (2007) note that their scaled dependent

variable made no difference when used empirically, and eventually abandon it in the
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empirical section of their work. Accordingly, the dependent variable in this study is

not scaled.

4.1.3 Specification of Variables and Data Sources

This analysis will use the value of exports of shrimp as the dependent
variable. The exporters for this analysis will be the top 10 exporters of shrimp from
1995 to 2007. They are Thailand, Vietnam, Indonesia, India, China, Denmark,
Ecuador, the Netherlands, Mexico and Bangladesh. While there is a high geographic
concentration of production in Asia, using the top ten the dataset incorporates the
major producers from other parts of the world as well, thereby creating a fuller model
of international production and trade. These countries account for 58% of global
production of shrimp by volume, and 66% of global exports by value over the given
time period. The importers used in this analysis will be the United States, Japan, the
EU1S5, Canada, Korea, Australia, and Hong Kong. The countries represent the top
fifteen importing countries of shrimp, including nine countries from the EU15. The
six remaining countries from the EU15 are included to maintain the totality of the
EU15 and increase the number of observations. These importers account for 93% of
global imports by value over the given time period. The geographic distribution of
this sample of countries should add to the robustness of the model as well, by
increasing the variance of the distance variable (DIST;).

The data for the dependent variable, EX;;, were obtained from the UN’s
COMTRADE database for the years 1995-2007 and represents the exports of shrimp
from the exporting countries listed above to the importing countries established above.
The amount of exports used is a value, expressed in current US dollars. In this case,

“shrimp” as a commodity is classified by the HS 1992 system, using the codes 030613
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Table 4.1 Exports of Shrimp and Prawns from Top Exporters by Value

(US$1000)
2003 2004 2005 2006 2007 Average
Thailand 1,732,237 1,673,296 1,781,602 2,285,979 2,367,717 1,253,326
Indonesia 789,128 847,356 919,194 1,086,718 934,212 583,468
India 896,689 847,707 977,957 1,008,431 932,970 546,873
China 881,691 1,039,463 1,087,121 1,339,195 1,275,612 534,478
Vietnam 961,979 1,094,676 1,323,889 1,381,922 1,540,219 476,072
Mexico 310,339 347,406 334,525 353,629 402,952 355,509
Ecuador 279,979 326,002 454,297 596,888 603,656 353,458
Denmark 432,263 544,466 605,746 650,309 635,327 305,511
Bangladesh 299,162 340,564 543,935 397,539 564,173 192,377
Netherlands 340,171 374,050 378,105 401,182 464,144 166,849
TOTAL 6,923,638 7,434,986 8,406,371 9,501,792 9,720,982 4,767,926
Global Total 11,198,814 11,688,874 12,695,999 13,975,787 14,101,564 7,224,419
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Table 4.2 Imports of Shrimp and Prawns to Top Importers by Value (US$1000)

2003 2004 2005 2006 2007 Average
Australia 156,138 173,987 194,825 228,394 233,580 197,384
Canada 279,049 316,524 324,036 360,609 404,294 336,902
EU15 4,045,142 4,226,977 4,460,805 5,021,740 5,268,411 4,604,615
Hong Kong 134,968 113,444 123,337 143,131 152,416 133,459
Japan 1,946,834 2,525,692 2,439,310 2,519,991 2,283,150 2,342,995
Korea 7,985 5,603 6,226 15,925 21,261 11,400
USA 3,895,990 3,833,076 3,673,007 4,140,603 3,922,852 3,893,105
Total 10,466,106 11,195,303 11,221,546 12,430,393 12,285,964 11,519,862
Global Total 11,681,122 12,707,831 12,687,387 14,053,891 14,308,666 13,087,779
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Table 4.3 Production of Shrimp and Prawns by Top Exporters (Tons)

2003 2004 2005 2006 2007 Average

Thailand 265,078 272,795 317,639 365,267 356,765 315,508
India 121,509 150,272 195,922 179,416 171,530 163,729
Indonesia 128,305 143,006 181,856 44,767 46,677 108,922
China 171,453 203,905 167,833 255,495 223,726 204,482
Vietnam 124,865 142,207 150,629 148,218 144,500 142,083
Ecuador 53,098 66,830 91,087 118,728 125,517 91,052
Mexico 57,550 58,040 58,555 58,550 58,550 58,249
Bangladesh 36,864 42,943 46,533 42,943 64,985 46,853
Denmark 24,899 26,248 22,863 22,376 15,488 22,374
Netherlands

TOTAL 983,621 1,106,246 1,232,917 1,235,760 1,207,738 658,859
Global Total 1,701,093 1,797,170 1,902,540 1,923,338 1,825,878 1,125,855
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and 030623, referring to “frozen shrimp and prawns” and “not frozen shrimp and
prawns” respectively (United Nations Statistical Division, 2009). To preserve the
panel structure of the data, these two products are aggregated, so that only one cross
section is available for each trading country pair. As can be expected, not all exporters
traded with all importers in each year, so the number of observations is lower than the
total number of possible trade combinations. The dates used in this investigation start
at 1995 to best represent the trade regime established by the creation of the SPS
Agreement. The observations stop at 2007 due to availability of the data for the
variable OPT; (FAQO, 2005).

The variable OPT; is the total annual output of seafood from the exporting
countries, which is obtained from the FAO Statistical Database’s FISHSTAT Plus
program. This variable takes the place of GDP of the exporting nation in a traditional
gravity model, because output more directly represents the country’s opportunity to
export (Chen, Yang and Findlay, 2008). This variable could potentially be
endogenous, since output may be influenced by the potential for export. Thus the test
for endogeneity was conducted using the Durbin-Wu-Hausman method in Stata (Chen,
Yang and Findlay, 2008). This variable acts as an indicator of supply possibilities, and
GDP; is used to represent the potential demand, the importing country’s GDP,
obtained from the Penn World Tables database (Heston, Summers and Aten, 2009),
and was also checked for endogeneity.

The variable DIST}; is the distance in kilometers between the trading
partners, weighted to the geographic distribution of the population in each country.
This data was obtained from the Center for International Prospective Studies (CEPII)

and acts as a proxy for the direct and indirect costs of shipping and transportation.
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Another variable that represents economic distance is EXCH; from the Penn World
Tables. This variable represents the exchange between the importing country and the
US Dollar, where the US Dollar is set to equal 1. This variable captures the value of
the currencies of importers relative to the largest importer, the US. EXCH, is also
checked for endogeneity.

The most critical economic distance variable is MRL;, the maximum
residual limit of oxytetracycline permitted in imports of shrimp, as required by each of
the importing countries in this study. The values for each country were first identified
in Chen, Yang and Findlay (2008), and were then confirmed and updated individually
through documents found on the websites for each nation’s Federal Department of
Agriculture or equivalent agency.

The MRL’s for oxytetracycline in shrimp in the EU, Japan, and the Codex
Alimentarius are consistent with the values from Chen, Yang and Findlay (2008).
Australia, Canada, Korea, and the US all maintain MRL’s that do not include shrimp
and prawns, and hence hold a zero tolerance policy for oxytetracycline in shrimp and
prawns. For Australia, Korea, and the US these policies are identified in proposed
policies to abandon zero-tolerance policies and adopt an MRL in line with the MRL
for other fish (FSANZ, 2008; KFDA, 2003; Schnick, 2010). The lack of a regulation
in Canada is located in Health Canada’s Food Safety Assessment Report (Health
Canada, 2001). To the best of my knowledge, none of these regulations have been
adopted or altered. In our dataset, these importers have a value for MRL; of 0.05 parts
per million (ppm), which is consistent with the smallest amount of oxytetracycline that
can be detected in shrimp muscle with the High Performance Liquid Chromatography

(HPLC). HPLC is the method utilized in inspections of imports of shrimp arriving to
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the US (Bermudez-Almada et al., 1999). These amounts are described in a time series,
but only one of the regulations have changed in the time period, so the rest are all
constant in our regression. Hong Kong had no regulation of oxytetracycline prior to
2001 and observations from before this time will have a value of 2.0ppm for MRL,,
which is consistent with the most lenient standard for oxytetracycline in seafood (FAS,
2002). The differences in these standards sound very small, ranging from 0.05ppm to
2.0ppm in this dataset (and established MRL’s accounting for a range of 0.1ppm to
0.2ppm), but the relative differences correspond with a great discrepancy in the degree
of strictness, with the 0.05ppm regulation being 40 times stricter than the 2.0ppm.

The remaining variables are all dummy variables. LANG;; represents a
common language between the importing and exporting country, which might
influence them to become trading partners, or deal in higher volume. LANG;; can be
found in the CEPII “Distance” database. The remaining variables APEC;;, and EU;;
express common membership in a trade association.

In order to compare this analysis with prior analyses, additional dummy
variables are created to capture the effects of HACCP (to compare with Anders and
Caswell, 2009) as well as a variable to capture the effects of the increase in the
strictness in food safety regulations in the three major importers (to compare with
Nguyen and Wilson, 2009). These variables are named HACCP; and FDSFTY;
respectively. HACCP; is equal to one for all data with the US as an importer in 1998
and all subsequent years (when HACCP was required in the US) and zero for all other
observations. FDSFTY, s equal to one for all same observations as HACCP;, as well

as for all EU countries as the importer after 2002 (corresponding with MRPL) and

43



Japan after 2003 (corresponding with the Food Safety Basic Law) and zero for all

other observations.

4.1.4 Hypothesized Coefficients

Based on logic and economic theory, the expected sign of the coefficient
of our independent variables is hypothesized. The coefficient of OPT; will likely be
positive, indicating that the higher a country’s output of seafood, the greater the
exports of that country will be. Similarly, GDP; will also have a positive sign; the
greater the GDP of the importing country, the higher the demand from that country for
imports of seafood. DIST;; should have a negative sign, reinforcing the idea that
countries are more likely to trade with each other if they are close to each other, as
well as serving as a proxy for freight costs. The sign for EXCH; should be negative,
indicating that as the cost of a dollar rises, the importing country’s currency is
depreciating in value and their buying power is decreasing. Our variable of interest in
this study, MRL;, should have a positive coefficient. This is due to the nature of the
variable: a higher maximum residual limit indicates less restriction. LANG;; is
expected to represent common ground between the trade partners which will reduce
the economic distance, and create a positive coefficient. The trade association
variables (ASEAN;; and EUj) are expected to be positive, again decreasing the
economic distance between trading partners.

In the additional regressions including the dummy variables HACCP; and
FDSFTY;, both are expected to be negative, showing that the presence of these food
safety regulations limits the amount of international trade. Also to be noted in these
regressions is the effect on MRL;. If the effect of MRL; is changed from the prior set of

regressions, we have cause to believe we may have been capturing the effect of the
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other food safety regulations as a part of MRL;. If there is no change, we assume in the
absence of the food safety dummy, that effect was captured in the error term, and MRL;

was capturing the intended effect.

4.2 Panel Data Models

The random effects model is a feasible generalized least squares
estimation, and provides a convenient first step regression for our estimation. The
random effects model assumes that the individual effects are uncorrelated with the
variables in the model, which appears in the model as a compound disturbance term,
as seen here:

Yie =0+ B X + (i + &) (7
where a is the intercept, and y; is the uncorrelated individual effect. This differs from
the pooled regression model (which utilizes ordinary least squares regression), which
views this individual effect as a constant that becomes a part of the intercept term, a.

yi=o+ [ xi+¢& (8)
The random effects model estimates the parameters through FGLS estimation that
utilizes the variances of the error components. The random effects model estimates all
variables in our equation and requires no additional specification. In addition, by
using the Lagrange multiplier test developed by Breusch and Pagan (1980), it is shown
that this model is preferable to pooling our data and estimating the equation using
ordinary least squares as in equation (8). The random effects model will most likely
not be our preferred model, because it relies on the assumption that the regressors are
completely uncorrelated with the individual effects of each cross sectional unit. This
assumption is reasonable when the data are a sample of a much larger population, but

when the groups constitute all (or most) of the population, this assumption will be
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invalid. In our case, where the data include most of the global trade of shrimp, I
anticipate that this assumption will be rejected, causing the estimates from the random
effects model to be biased, and a fixed effects model will be preferred.

A fixed effects model is likely more appropriate and is estimated next as
seen here:

Vie=o+ i+ X+ & )
The fixed effects model does not require the same assumption, that individual effects
be uncorrelated with regressors, but it is not without its shortcomings. The fixed
effects model differences the data to remove any latent heterogeneity that exists
between the different cross-sectional units, and, as a result, removes all time invariant
variables. Although the variable of interest is not time invariant, preserving all
variables would be helpful for purposes of better understanding which factors
contribute to and significantly impact the trade of shrimp around the world. The fixed
effects model can estimate the changes to trade resulting from changes to the
maximum residual limit of oxytetracycline in shrimp, but it is unable to estimate
coefficients for the time invariant factors. With these two regressions estimated, the
next step is to test the specification using the test described by Hausman (1978) to
determine which is preferred, a random or fixed effects model.

Fixed effects are set up in this dataset with each cross section representing
each country pair, creating country pair fixed effects. Testing the joint significance of
dummy variables for the years in the dataset determines whether time effects are
appropriate to be added to this model. The inclusion of these dummy variables (in
conjunction with the country pair fixed effects) would address the heterogeneity

discussed in Baier and Bergstrand (2007). The country pair fixed effects replace the
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multilateral resistance terms that appear as price terms in Anderson and van Wincoop
(2003). The dependent variable remains unscaled, because the scaled version is more
useful as a theoretical tool, and has little effect on empirical results (Baier and
Bergstrand, 2007). At this point, a test for heteroskedasticity is performed, using a
modified Wald test for groupwise heteroskedasticity in fixed effects regressions. A
test for serial correlation is also performed using the test devised by Wooldridge for
testing serial correlation in random or fixed effects one-way models, as specified in the
Stata statistical analysis software (Wooldridge, 2002). These issues are common in
this type of regression. If these errors are present, robust standard errors will be used.
The fixed effects model controls for multilateral resistance terms, but the
loss of estimation of the time invariant variables, and the possible threat of
endogeneity bias provide the need for a possible additional model. The variables
OPT;, GDP; and EXCH,; are tested for endogeneity using a Durbin-Watson-Hausman
test for endogeneity and Davidson and McKinnon’s test for exogeneity in panel data
analysis as specified in Stata (Davidson and McKinnon, 1993). To perform the
Durbin-Watson-Hausman test, the variable in question is regressed on the other
exogenous variables in the model. The residuals are saved, and new regression is run
with the original dependent variable (EXij) and all original independent variables,
including the suspected endogenous variable and the residuals from the previous
regression. If the residuals are significant in this second regression, there is a problem
with endogeneity. Both tests show OPT; as exogenous, and are inconclusive for GDP;.
While the Durbin-Watson-Hausman shows EXCH; as exogenous, Davidson and

McKinnon’s test rejects exogeneity.
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Because the variable EXCH,; fails a test for exogeneity, a panel data
instrumental variable estimation as devised by Hausman and Taylor (1981) is used.
This estimation allows for the correlation between the regressors and the individual
effects while preserving and estimating coefficients for all time invariant variables. In
addition, the Hausman Taylor approach uses information in the model to create
instruments and weights for feasible GLS, and correcting for endogeneity, while still
controlling for heterogeneity. The method of the Hausman Taylor model requires that
all variables be divided into four groups:

Yie = 0+ BUX1ic + B2 Xoie + y1" 2uie + 92 200 + i + & (10)
x; (time-varying that are uncorrelated with the error), x; (time-varying that are
correlated with the error), z; (time-invariant that are uncorrelated with the error), z,
(time-invariant that are correlated with the error). The model uses a least squares
dummy variable approach to estimate consistent coefficients for the time-varying
variables. The residuals are reserved and used in an instrumental variables regression
on z; and z; using z; and x; as instruments. By using these three models and comparing
the results, this study is able to gain a clearer understanding of the dynamics of trade in
shrimp and prawns, and am able to estimate a meaningful coefficient for the maximum

residual limit of oxytetracycline for the specified product group.

4.3 Simulations of Policy Change

The continuous dependent and independent variables in the regression are
all in natural logs. The resulting coefficients exist in a log-log relationship with the
dependent variable and are estimates of the export elasticity of each variable. This
study utilizes these coefficients in two main ways. The elasticities from the estimated

model are used to identify and interpret the size and sign of the trade effect of the
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regulation. Next, simulations are conducted to examine scenarios of harmonized
standards at the Japanese/Codex Alimentarius level, the EU level, and the US level, as
well as to examine the trade effects of proposed changes to the creation of a new MRL
in the US, Australia, Canada and Korea. Through the elasticity and harmonization
simulations, this study is able to better interpret the impact of SPS regulations on
shrimp trade, and to assess their nature as a true non-tariff barrier, or as a catalyst to
trade.

The specification of a log-log model implies that the percentage change in
exports associated with a percentage change in the SPS restriction is constant. With
this coefficient, we are able to estimate the trade flows associated with changes in the
MRL for oxytetracycline enforced by each of the importing countries. Using results
based on equation (3), the simulation formula from Otsuki, Wilson and Sewadeh
(2001) can be used to estimate this change in trade value:

dEX;j = Bs (EX;; | MRL;*) * (MRL;* - MRL;*) (11)
where dEX;; is the change in exports, Bs is the coefficient for MRL; from equation (3),
which represents the export elasticity of the regulation, EX;; is the actual level of
exports in the dataset from 2007, MRL;* is the proposed level of the standard (after
changes to harmonize the standard or otherwise), and MRL;* is the actual level of the
standard in 2007. Using this formula it is possible to estimate the change to trade
value for each group of trading partners, and aggregate the total change to industry for
each scenario. This study uses 2007 as the base year because it is the most recent trade
value used in this dataset. Based on the example of Otsuki, Wilson and Sewadeh

(2001), we set upper and lower bounds for the simulations at 100% change, so that no
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country’s trade can more than double or decrease to less than zero as a result of the
simulated change in regulations.

First, scenarios of harmonization are estimated for all countries on the
levels set by the Codex, the EU and the US, through the same approach. This is done
by setting a single proposed MRL for all countries and examining the changes to the
countries that were not already at this level (all countries that were at that level will
report zero change). This simulation has the most practical impact for examining a
change to harmonization on the Codex standard. This scenario is the goal of
promoters of harmonization, as the Codex is the most recognized international
standard in terms of endorsement by international authorities (FAO and WHO) as well
as in use in the resolution of trade disputes inside the WTO. The US and EU levels
have less practical implications, but do give an idea of the potential impacts of such a
harmonization, which could feasibly occur as a result of changing consumer attitudes
to antibiotics in aquaculture.

After these harmonization scenarios, specific policy change scenarios are
conducted, simulating the creation of an MRL in the countries that currently have a
zero tolerance policy. First the scenario of change to the US only is simulated,
because it is the only major importer with a zero tolerance policy, and also the most
extreme proposed policy change. If accepted, the proposed change to the MRL would
take the US from the strictest policy to the most lenient policy, from a zero tolerance
policy to 2.0 parts per million, or ten times the MRL of the Codex. For this scenario,
there is a proposed MRL for the US, and all other countries remain static. After
estimating the results to the industry after a change to the US only, the simulation is

repeated, this time including changes to Australia, Canada and Korea, setting their
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MRL for shrimp at the level enforced for imports of other products such as fish and

lobster into that country, and report the simulated changes.
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Chapter 5

RESULTS

5.1 Panel Data Regressions
The equations developed in the previous chapter are estimated, yielding
the results described in this chapter. In the first section the regressions are discussed,

detailing the process of estimating coefficients for the variables in the model.

5.1.1 Random Effects Model

The results for the random effects model are presented in the first column
of Table 5.1. The regression yields results that are consistent with our expectations for
the model. The supply variable OPT; is positive and significant, although the demand
variable GDP;, the other mass variable, is not significant. The distance variables
DIST;; and EXCH; were both negative and significant as expected, showing the
negative effect distance has on international trade, both in a geographic and economic
context. The model also shows that commonalities between countries decrease their
economic distance in the variables LANG;; and APEC;; which were both significant
and positive, although EU;; was not significant. Most importantly, the variable of
interest, MRL;, is positive and significant at the 1% level, which suggests that the MRL
does have a limiting effect on trade.

To test if the random effects model is preferred to a simple ordinary least

squares regression, a Breusch and Pagan Lagrangian multiplier test is used, producing
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Table 5.1 Regression Results

Hausman Taylor

Cross Sectional Cross Sectional and

. Random Effects Fixed Effects Time Fixed Effects Instrqmental
Variable Variables
In OPT; 0.278 ek 0.122 0.295 * 0.155
Std. Err. 0.10 0.14 0.16 0.12
In GDP; -0.123 0.174 1.332 * 0.064
Std. Err. 0.35 0.42 0.75 0.38
In DIST;; -0.73 = - - -1.482 **
Std. Err. 0.44 0.70
In EXCH, -0.215 ** -1.237 wxk -0.974 x* -1.028  HEx
Std. Err. 0.10 0.27 0.48 0.25
In MRL; 0.218 ¥ 0.217 ** 0.152 * 0.225 ek
Std. Err. 0.08 0.08 0.08 0.08
LANG; 1.873 ** - - 1.468
Std. Err. 0.88 1.34
APEC; 3.099 EEx - - 4289  cHkkk
Std. Err. 0.74 1.16
EU; -0.545 - - -3.087
Std. Err. 1.22 1.92
constant 12.096 ** 6.289 * -7.626 19.073 **
Std. Err. 5.30 3.57 7.81 7.48

Note: "*" denotes significance at 10% level, "**" at the 5% level, and "***" at the 1% level.
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a chi squared statistic of 4107.57, indicating rejection of the null hypothesis that
ordinary least squares is properly specified. While this shows that the random effects
model is preferable to OLS, it does not give us any information about the individual
specific effects, and their correlation with the independent variables. Because the
random effects model rests on the assumption that these effects are uncorrelated, there
is still a possibility that the estimated coefficients are inconsistent. This will be tested
with a Hausman test comparing the results of the random effects and fixed effects

models.

5.1.2 Fixed Effects Model

The fixed effects model provides an estimation method that relaxes the
assumption that individual effects are uncorrelated with individual variables, but at the
cost of the time invariant variables in the model. These time invariant variables are
dropped from the model when differencing is executed to remove time invariant fixed
effects. The remaining variables are OPT; and GDP;j, as well as the distance variables
EXCH; and MRL,. The results from the fixed effects model are listed in the second
column of Table 5.1. In this model, the supply variable OPT; is no longer significant
and the demand variable GDP; is still not significant. The distance variables EXCH;
and MRL,; are both significant. EXCH,; is negative and significant, and MRL; is positive
and significant. This is consistent with expectations. While the sign of the coefficient
is consistent with the previous regression, it should be noted that the effect has grown,
from -0.22 to -1.24, which shows that when controlling for the fixed effect associated
with the individual country pair, the exchange rate of the importing country becomes
an even more important factor. The size of the coefficient MRL; is very similar to that

of the random effects model.
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To test the specification, and see whether that the assumptions of the
random or fixed effects regarding the correlation of the individual effects and the
independent variables, we compare the results using the Hausman test. The Hausman
test yields a chi squared statistic of 19.66, which is enough to reject the null hypothesis
that the random effects model is the proper specification. This result shows that the
fixed effects model is preferred.

The fixed effects model, as currently specified, controls for country pair
fixed effects only, but Baier and Bergstrand (2007) suggest that time based fixed
effects should also be included to control for time based heterogeneity and time
varying multilateral resistance terms, such as prices. To check if this specification is
appropriate for our dataset, we estimated an additional fixed effects regression with
dummies for each year, and check the joint significance of these dummies. The joint
significance test is statistically significant at the 1% level, with an F statistic of 5.06,
so time based fixed effects are appropriate for the model. The results from the fixed
effects model with the inclusion of time fixed effects are listed in the third column of
Table 5.1. In this regression, OPT; and GDP; are both statistically significant at the
10% level. The variable OPT; has taken on a value similar to the one reported for the
random effects model (0.295 in the time fixed effects model and 0.278 in the random
effects model), while GDP; is positive and significantly different from zero. The
variables EXCH; and MRL; have had the opposite change from a larger, more
significant coefficient to a smaller, less significant coefficient. Both MRL; and EXCH;

are still significant with the expected sign.
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5.1.3 Detecting and Correcting for Serial Correlation and Heterogeneity

The time component that differentiates the panel data set used in this
analysis from a cross sectional dataset increases the possibility of serial correlation in
the data. To check for this we use the Wooldridge test for autocorrelation in panel
data, as specified in Stata. The test yields an F statistic of 29.76, easily rejecting the
null hypothesis of no autocorrelation. Another frequent problem that needs to be
addressed for this fixed effects model is heteroskedasticity. The model is tested using
the modified Wald test for groupwise heteroskedasticity as specified by Stata. This
test results in a firm rejection of the null hypothesis of no heteroskedasticity, with a X2
statistic of 1.2 X 10° 2, which is significant at the 1% level. Both serial correlation and
heteroskedasticity lead to potentially underestimated standard errors that overestimate
the significance of the parameters estimated in the regression. To control for this we
estimate the three models (random effects, fixed effects, and time fixed effects) again,
using robust standard errors, using the cluster() option in Stata. The robust standard
errors have not noticeably reduced the significance of any of the variables in any of the

models, and, hence, will not affect our confidence in any of our later simulations.

5.1.4 Endogeneity and the Hausman Taylor Model

An additional econometric issue that is of concern with panel data
investigations is endogeneity of independent variables. In this form of regression
analysis, it is assumed that the independent variables are exogenous to the other
independent variables, and the dependent variable is the only one that is a function of
the other variables. Especially when dealing with national accounts and policy
variables, this can be a problematic assumption. EXCHj failed our test for exogeneity,

so the Hausman Taylor instrumental variables regression is estimated, with EXCH;
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specified as the endogenous independent variable in Stata. OPT;, EXCH;, MRL;, and
APEC;; are significant with the expected signs. The coefficient for MRL; is highly
significant, and similar to our previous regressions, appearing slightly larger than

previous estimates.

5.1.5 Regressions with Food Safety Dummy Variables

The regressions above were estimated again, with the variables HACCP;
and FDSFTY,. The first set of results in Table 5.2 shows the group of regessions with
the variable HACCP;. HACCP; was not significant in any of these models, most likely
due to the small number of observations with a value of one. Because Anders and
Caswell (2009) use a dataset where the US was the importer for every panel, there was
a higher proportion of “one” values in the variable, leading to a higher variance, and a
greater possibility for significance.

The second set of results, found in Table 5.3, shows the results from the
regressions including the variable FDSFTY;. A much different story evolves from
these results, as they are all negative and significant, which is consistent with our
expectations. Another important observation is that the inclusion of this variable has
made the coefficients for MRL; more highly significant, and has a higher number of
significant variables in three of the four models. This implies that the inclusion of
FDSFTY; creates a more complete model, and provides a better estimation of the

coefficient for MRL; as well.
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Table 5.2 Regression Results with HACCP;

Cross Sectional

Random Effects

Cross Sectional and

Hausman Taylor

Fixed Effects Time Fixed Effects Instrumental
Variable Variables
In OPT; 0.28 x** 0.122 0.295 0.15
Std. Err. 0.10 0.14 0.11 0.12
In GDP; -0.197 0.17 1.332 0.068
Std. Err. 0.35 043 0.56 0.39
In DIST;; -0.7294 * - - -1.44 *x*
Std. Err. 0.42 0.69
In EXCH; -0.198  ** -1.237  wEE -0.935 -1.057 w**
Std. Err. 0.10 0.27 0.10 0.24
In MRL, 0.217 H*x 0.217 ** 0.152 0.225 H**
Std. Err. 0.08 0.84 0.08 0.08
LANG; 1.864 ** - - 1.464
Std. Err. 0.83 1.34
APEC, 3.026 ; . 4333 wwx
Std. Err. 0.70 1.16
EU; -0.515 - - -3.029
Std. Err. 1.16 1.92
HACCP, 0.336 0.017 0.153 0.101
Std. Err. 0.29 0.30 0.29 0.29
constant 12.794 ** 6.325 * -7.659 18.738 **
Std. Err. 5.19 3.62 7.47 7.49

Note: "*" denotes significance at 10% level, "**" at the 5% level, and "***" at the 1% level.
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Table 5.3 Regression Results with FDSFTY;

Random Effects Cross Sectional Cross Sectional and Hausman Taylor
Fixed Effects Time Fixed Effects Instrumental
Variable Variables
In OPT; 0.374 ¥ 0.269 * 0279 * 0.277 **
Std. Err. 0.10 0.14 0.16 0.13
In GDP; 0.54 1.333 k= 1.169 1.21 ek
Std. Err. 0.39 0.47 0.76 0.44
In DIST;; -0.663 - - -1.476 *
Std. Err. 0.44 0.79
In EXCH, -0.234 ®x* -1.589 % -1.136 ** -1.339  Hwx
Std. Err. 0.10 0.27 0.49 0.23
In MRL; 0.235 ek 0.243  H** 0.188 ** 0.252 k**
Std. Err. 0.08 0.08 0.09 0.08
LANG; 1.751 ** - - 1.148
Std. Err. 0.88 1.53
APEC; 3.031 Hx* - - 4.635 kE*
Std. Err. 0.74 1.31
EU; -0.072 - - -2.847
Std. Err. 1.22 2.15
FDSFTY; -0.328  wE* -0.525 w** -0.255 =* -0.496 Fx*
Std. Err. 0.09 0.10 0.14 0.09
constant 3.72 -6.73 -5.597 6.299
Std. Err. 5.78 4.28 7.89 8.57

Note: "*" denotes significance at 10% level, "**" at the 5% level, and "***" at the 1% level.
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5.2 Regulation Change Scenario Simulations

The coefficients returned from our gravity model panel data analysis are
important on their own, existing as trade elasticities and revealing the direction and
significance of the variables in the model, but they can be even more useful in this
analysis. These trade elasticities are used to estimate scenarios of policy change,
including harmonization scenarios as well as scenarios where countries with a zero-
tolerance policy for oxytetracycline in shrimp establish policies to establish an MRL
that is on par with their current MRL for oxytetracycline in fish. Results from the
simulations are presented in Table 5.4 and Table 5.5. Both show the same total
change numbers at the bottom of the table, but Table 5.4 shows the results broken
down by each reporter (exporting country), where Table 5.5 shows the results broken
down by each partner (importing country). Each simulation has two columns, one
representing the change in trade value in US$1000’s, and another showing the change
as a percentage.

The simulation of harmonization on codex standards shows that this
policy change would create approximately US$1.5 billion in new trade in shrimp and
prawns, with US$1 billion coming from the US alone. The dual effect of the US being
the largest importer, and experiencing the largest change in regulation as a result of
this harmonization makes it dominant in this scenario, and harmonization of EU
standards. While Mexico receives the highest percentage gain in trade, due to its high
volume of trade with the US, the largest increase in terms of value of exports are to
Vietnam and Thailand, the largest exporters of shrimp, who also ship heavily to the
US. Harmonization on EU standards follows similar patterns, but with a few key

differences. First, because this is a less drastic change, the net change is much less
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Table 5.4 Simulation of Changes to Exports Following Harmonization of
Oxytetracycline MRL’s for Shrimp and Prawns

Codex EU UsS

US$1000 %o US$1000 % US$1000 %o

Bangladesh 146,574  26.75% 31,482 5.74% -26,064  -4.76%
China 26,394 14.09% -1,095 -0.58% -14,840  -7.92%
Denmark 24,418  14.57% 574 -0.34% -13,071  -7.80%
Ecuador 168,041  29.12% 40,001 6.93% -24,019 -4.16%
India 150,796  20.83% 20,172 2.79% -45,141  -6.24%
Indonesia 160,945  21.24% 22,662 2.99% -46,480  -6.13%
Mexico 158,418 44.87% 52,275  14.81% -7196  -0.23%
Netherlands 32,621  15.62% 379 0.18% -15,742  -7.54%
Thailand 382,879  33.59% 104,491 9.17% -34,702  -3.04%
Vietnam 319,099 2591% 65,591 5.33% -61,163 -4.97%
Total 1,570,185  26.63% 335,383 5.69% -282,018  -4.78%
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Table 5.5 Simulation of Changes to Imports Following Harmonization of
Oxytetracycline MRL’s for Shrimp and Prawns

Codex EU UsS
US$1000 % US$1000 % US$1000 %
Australia 53,380 45% 17,793 15% 0 0%
Canada 86,825 45% 28,942 15% 0 0%
EU15 262,502 15% 0 0% -131,251 -7.5%
Hong Kong 13,284 15% 0 0% -6,642 -7.5%
Japan 0 0% -92,921 -7.5% -139,381  -11.25%
Korea 71,934 45% 23,978 15% 0 0%
[N 1,055,845 45% 351,948 15% 0 0%
Total 1,543,770 26% 329,741 5.59% -277,274 -4.7%
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dramatic, accounting for US$335 million in additional trade, or a 5.7% increase in
trade, compared with 26.6% increase with harmonization on Codex standards. Again,
the same exporters benefit, but, because this regulation is stricter than the previous
Japanese standard, some exporters have a reduction in trade, including Denmark and
China, but the changes are small, less than 1% change for both countries. Trade to
Japan decreases 7.5%. In the final scenario of harmonization on zero tolerance, the
standard held by the US, international trade decreases by 4.7%, consisting of losses of
trade to Japan, the EU and Hong Kong. Again, Denmark and China, as well as the
Netherlands, are the countries that experience the largest negative effect, a result of
their reliance on Japan and the EU as importers.

In addition to the harmonization scenarios, scenarios of changes in policy
for importers currently enforcing a zero tolerance policy are also estimated. The
results of these simulations can be found in Tables 5.6 and 5.7. For the US alone to
create an MRL for oxytetracycline in shrimp that would be in line with its regulations
for the same antibiotic in other fish would result in an increase in world trade of
shrimp and prawns of US$2.3 billion, a 39.8% increase in global value of trade.
Again, Mexico has the largest percentage gain, and Thailand and Vietnam have the
largest increase in the value of trade. If all four zero tolerance importers were to
change their policies trade would increase US$2.6 billion or 43.5%. This change is
dominated by the change to US policy, which jumps the most dramatically, and affects
the largest amount of trade. As mentioned in Section 4.3, the simulation is bound at
100% change, positive or negative, based on the example of previous studies. If this
condition were removed, the change would be an increase of US trade of 585%. This

change alone would increase world trade of shrimp and prawns by 233%. Because it
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is unlikely that the US would be able to absorb this amount of additional supply, the

100% change condition is maintained.
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Table 5.6 Simulation of Changes to Exports Following Creation of
Oxytetracycline MRL’s for Shrimp and Prawns in Zero Tolerance

Importers

Aus., Can., Kor., US US Only

US$1000 % US$1000 %
Bangladesh 213,642 38.98% 212,273 38.73%
China 22,361 11.94% 15,452 8.25%
Denmark 725 0.43% 290 0.17%
Ecuador 261,834 45.37% 259,571 44.98%
India 199,251 27.52% 173,339 23.94%
Indonesia 294,496 38.86% 290,337 38.31%
Mexico 343,115 97.18% 343,077 97.17%
Netherlands 2,541 1.22% 2,541 1.22%
Thailand 692,356 60.74% 607,465 53.30%
Vietnam 531,769 43.17% 441,975 35.88%
Total 2,562,091 43.46% 2,346,321 39.80%
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Table 5.7 Simulation of Changes to Imports Following Creation of
Oxytetracycline MRL’s for Shrimp and Prawns in Zero Tolerance

Importers
Aus., Can., Kor., US
US$1000 %
Australia 53,380 45.0%
Canada 86,825 45.0%
EUI15 0 0.0%
Hong Kong 0 0.0%
Japan 0 0.0%
Korea 71,934 45.0%
[N 2,346,321 100.0%
Total 2,558,461 43.4%
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Chapter 6

CONCLUSIONS

This thesis investigated the effect of food safety regulations on
international trade by examining the impact of restrictions on the maximum residual
limit of the antibiotic oxytetracycline permitted in imports of shrimp and prawns. As
an increasing number of trade agreements are limiting traditional barriers to trade,
such as tariffs, major importing nations are increasing the number of food safety
regulations imposed on imported food products. This thesis is part of a growing
number of works dedicated to examining whether these food safety restrictions are
legitimate precautions or being used solely as barriers to trade. Shrimp and prawns
were chosen as the focus for this study because they are valuable, highly traded, and
produced primarily in an aquaculture setting. Choosing a product group that is
produced in aquaculture focuses the model on the effect of the regulation, which only
affects farm-raised shrimp and prawns. Shrimp and prawns are typically traded from
developing nations to high income nations, who may have incentive to enact food
safety regulations that function as barriers to developing nations in an effort to protect
their traditional or domestic sources of supply.

A gravity model of international trade is used to examine the flow of
shrimp and prawns around the world. Panel data estimation techniques yield results
that consistently show that the maximum residual limit of oxytetracycline permitted in
imports has a significant limiting effect on trade in shrimp and prawns. The negative

sign of the coefficient on MRL; is enough to show us that the regulation is not
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functioning as a catalyst; it is a barrier to trade. Although previous works suggest that
exports from the largest or most established exporters would be unaffected by food
safety regulations, this is not the case, as trade from these top ten exporters of shrimp
and prawns are significantly limited by the regulation of oxytetracycline (Anders and
Caswell, 2008). This is very likely because these nations are mostly developing
countries who have a shrimp farming industry that is expanding faster than the
infrastructure supporting it. As a result, food safety regulations are a barrier to trade,
even on these top producers.

The results from the gravity model were used to estimate a number of
policy change scenarios, including simulations of harmonization on a single
international standard. Harmonization on the MRL suggested by the Codex
Alimentarius would create approximately US$1.5 billion in new trade in shrimp and
prawns, with US$1 billion coming from new imports to the US alone. Additional
simulations were estimated to see the trade effects of the creation of MRL’s for
countries enforcing a zero tolerance policy. If these nations were to set their restriction
for shrimp and prawns to be in line with their regulations of other fish, trade would
increase by over 43%, with the vast majority of this increase coming from increases to
US imports. These astounding increases to trade would have a drastic impact on the
industry and on world trade.

These results imply that these food safety regulations are being used as
deliberate non-tariff barriers to trade. All four of these countries imposing a zero
tolerance policy have had proposals for the creation of new, relaxed standards for
oxytetracycline in shrimp that have been stalled or denied altogether. While the

discrepancy between the regulations for shrimp and for other fish is evident for
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Australia, Canada, and Korea, who have oxytetracycline regulations for other fish that
are in line with the Codex, the difference is much more obvious for the US. The US
regulation for oxytetracycline in shrimp is ten times stricter than regulations that are
currently in place for other fish. This, coupled with the US’s status as the largest
importer of shrimp, would lead to a very dramatic effect on world trade if the proposed
legislation to create an MRL for oxytetracycline in shrimp were to be passed.

Human food safety is the primary focus of the scientific investigation
necessary for passage of the New Animal Drug Applications, but for oxytetracycline to
be used in shrimp for import into the US, other concerns such as environmental safety,
target animal safety, and labeling concerns are among the items listed as “pending
acceptance” that are potentially preventing the creation of an MRL for shrimp
(Schnick, 2010). The environmental destruction that is a part of the aquaculture
practices currently in place for shrimp and prawns in Southeast Asia could potentially
be considered a threat to human, animal and plant health and safety. A new debate
could arise here, over whether these fall under the WTQO’s description of acceptable
SPS measures, because there is an environmental threat to the animals and plants of
the producing nation, but the regulations do not seem aimed at protecting consumers in
the consuming nation. If that is the argument for a zero tolerance policy, instead of
acceptable daily intake of the antibiotic, is this a true SPS restriction, or should it fall
under the scrutiny of a different environmental trade restriction policy?

Even while the environmental concerns associated with the antibiotic may
influence the strictness of food safety regulations, it cannot be ignored that the US has
an active and vocal shrimp fisheries industry that would benefit from legislation that

has a limiting effect on shrimp imports (Debaere, 2005). There is a strong domestic
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incentive to stall the creation of a more lenient MRL for oxytetracycline in shrimp.
While Australia, Canada and Korea also maintain a zero tolerance policy that is
inconsistent with their regulation on other species, their smaller trade volume and
smaller discrepancy between their shrimp and non-shrimp regulation make their case a
less glaring barrier to trade. The US restriction of oxytetracyline in imported shrimp

and prawns is a food safety regulation functioning as a non-tariff barrier to trade.
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