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Abstract: 

The global seafood trade represents the world’s largest food commodity market by value, 

generating massive economic flows across nations of all development levels. On top of the 

financial importance of this supply chain, seafood provides a broad range of nutritional 

benefits, from fats and proteins to key micronutrients. Building off of the dynamics of the 

Seafood Trade Deficit hypothesis, which asserts that developing nations export higher-value 

seafood than they import, this study seeks to determine whether such a value exchange 

extends to nutrition, and if the price of seafood is positively correlated with nutritional density. 

Using a six-nation, one-year comparative case-study approach, a global seafood trade database 

was generated. This database maps all international seafood trades by species and product 

type and affixes unique nutritional profiles for each good. This data demonstrates additional 

quantitative support of the Seafood Trade Deficit, as well as economic trade flows that suggest 

unique price-points of seafood depending on the development status of each nation 

participating. A hedonic pricing model displays strong evidence that the finfish market has a 

radically different relationship between price and nutrition compared to all other seafood 

product types. While price was positively correlated to macro-nutritional density of protein and 

fat in finfish, the market for other seafood products did not demonstrate the same positive 

correlation between price and nutritional benefit. Looking forward, we recommend expanding 

the database to include seafood trade across all countries within a longer time frame to 

increase the scope of reference and refine our findings.  
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Introduction  

 Within the massive and complex network of food-system supply chains that circle our 

globe, seafood stands out. Not only is it a significant contributor to global protein consumption, 

but it is also a strong economic underpinning of the worldwide food commodity trade. By value, 

seafood is one of the most highly-traded food commodities globally, with annual trade value 

surpassing core staples such as sugar, corn, coffee, rice, and cocoa combined. (Asche et al., 

2015) While this data speaks to the global demand for seafood, it also speaks to the nature of 

the product itself. It’s estimated that roughly 80% of all seafood consumption is exposed to 

international trade, underscoring the frequency that these products cross borders to meet 

increasing demand and preference for a variety of seafood products (Tveteras et al., 2012).  

Seafood, ranging from finfish, mollusks, crustaceans, and invertebrates, is dispersed 

across the world’s fresh- and salt-waters, with species differing from one region to another. 

This creates a highly-diverse range of products within just one category, adding to the 

uniqueness of the commodity. And due to this magnitude of variety, coupled with improved 

supply chain logistics around the world, consumers are now able to procure species that were 

once fundamentally unavailable, and in turn develop demand for products that were before 

practically unknown.  

What this has done is create trade linkages between countries that are often not only 

distant in terms of geography, but also in terms of development. As nations of varying levels of 

development begin to rely on each other for seafood trade, the notion of development is 

illuminated with it. Defining development is a highly nebulous practice, but there are clear 
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patterns across the development spectrum in terms of a nation’s governance, needs, and 

population-level issues that must be addressed. 

Although much interest has been placed on understanding the differing conditions and 

needs between developed and developing nations, an obvious obstacle to this practice is the 

lack of any consistent definition. It’s broadly understood that developed nations tend to be 

those with higher individual incomes, stable and non-oppressive systems of governance, and 

stronger health and educational outcomes; however, the metrics applied to this definition can 

vary considerably. While much of this can be attributed to the difficulty in finding accurate 

metrics for these criteria, variation is also borne out of differing approaches to the concept 

entirely.1 Ultimately, this may generate a more robust understanding of the many factors 

impacting development, but will also clearly struggle to identify quantitative benchmarks.2 

Overall, the practice in assessing the developed and developing worlds is often muddied by the 

sheer difficulty in defining these groups. However, in nearly every variation of this practice, 

clear differences emerge in terms of population-level concerns and ailments.  

Despite our struggles in collectively defining the developing and developed worlds, 

trends have emerged that demonstrate broad-scale issues that these two segments combat 

                                                        
1 The United Nations elects to categorize nations based almost purely on economic conditions, relying 
predominantly on measures of gross national income (GNI) to rank nations as “Developed”, “Developing”, and 
“Economies in Transition” (United Nations, 2014). Alternatively, authors suggest that assessing development is a 
much more complicated practice, that should include a broad range of criteria to properly assess a nation’s status. 
Alkire (2010) from Oxford University’s Poverty and Human Development Initiative suggests that at least seven core 
components should be considered when evaluating development status. These criteria are list as the UN 
Millennium Development Goals, human rights, human security, happiness, inequality, the duration of outcomes 
across time, and environmental sustainability. 
2 This appears to be the principle tradeoff in defining development: binning nations into two categories based on a 
broad suite of criteria may be nearly impossible, while sacrificing specificity for simplicity allows for faster 
classification and comparison. 
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and struggle with, especially in terms of population health. Overall, it’s relatively well-

established that developing nations struggle more with maintaining overall population health. 

This can partly be attributed to governance issues in managing the health of the entire 

population. Research has demonstrated a correlation between socio-economic development 

and declining birth rates (Sinding, 2009), suggesting developed nations may have an easier time 

managing the overall health of their populations. Couple this with findings that rising per-capita 

income is significantly correlated with increased national healthcare spending (Gregorio and 

Gregorio, 2013), and it becomes clear that developing nations face a much more difficult 

landscape in terms of managing population health outcomes. At the core of much of this 

concern is the issue of adequate nutrition and how this can combat many common health 

concerns. However, while this all suggests developed nations are uniquely burdened, the notion 

of nutrition and health outcomes is not siloed to these nations, as there are real impacts behind 

not just too little nutrition, but also too much.   

While malnutrition is an issue affecting nations of all levels of affluence, it is especially 

concerning across the world’s developing nations. Pervasive across nations of all levels is the 

issue of over-nutrition, leading to obesity and related issues. This is a health concern that is 

growing in frequency globally, with research indicating that the issue is positively linked to 

development and rising per-capita income (Abdullah, 2015). A key example of the role of over-

nutrition in population health is its effect on infants. While malnourishment by pregnant 

mothers has been consistently linked to poorer health outcomes for infants, research has 

demonstrated that maternal obesity during pregnancy can also be harmful to a child’s long-

term health outcomes (Muhlhausler et al., 2013). Rather than needing to focus solely on 
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providing enough nutrition for a population, nations must also be wary of which, and how much 

nutrition their population receives, as this can also negatively impact health on a broad scale. 

While these concerns of over-nutrition are concerning and important to recognize, the 

nutritional needs of the developing world are often more dire, as a lack of nutrition can create 

greater, more immediate threats to health and overall progress as a nation.  

The malnutrition spectrum which is characterized dually as  the extent of 

undernourishment (insufficient calorie and protein intake) or a lack of necessary micronutrients 

(vitamins, minerals), is an issue affecting developing nations much more prominently, with 

often serious implications. Across these two categories, the major cause of undernourishment 

is a lack of protein-energy (protein, carbohydrates, and fat), while deficiencies in iron, iodine, 

vitamin A and zinc have been most strongly associated with micronutrient-deficiency-related 

illnesses (Muller and Krawinkel, 2005). Overall, these impacts have been wide-felt on a global 

scale. As of 2010, there were approximately 900 million people affected by undernourishment 

and 2 billion affected by micronutrient deficiency in developing nations (Gomez and Ricketts, 

2013). These statistics have meaningful implications to the world’s population, especially 

among children. According to the Lancet, issues of malnutrition are the underlying cause of 

roughly 3.1 million children’s deaths annually, which accounts to 45% of all deaths among 

children under the age of five. On top of this, an additional 165 million children are considered 

stunted due to malnutrition. (Willet et al., 2019) 

The inclusion of seafood in an undernourished person’s diet can supplant nutrient 

deficiencies. Fish and shellfish are considered a valuable source of healthy protein, with 

ongoing research showing its contribution to many micro-nutrient needs in our diet as well 
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(Mozaffarian and Rimm, 2006). Seafood is a healthy source of calcium, zinc, iodine, selenium, 

and Vitamins A and D.  Most importantly, seafood has the highest concentration of omega-3 

fatty acids, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), per serving compared 

to other protein-rich foods such as poultry and eggs (Nesheim & Yaktine, 2007). 

The National Academy of Sciences Committee on Nutrient Relationships in Seafood 

(NASCNRS) highly recommends the inclusion of seafood as an alternative to other protein 

options in the American diet.  As previously mentioned, the problem of over-nutrition is 

prevalent in many developed nations.  Seafood is low in saturated fats but has comparable 

protein levels to beef and poultry.  Studies show that substituting the aforementioned less 

healthy food sources with seafood decrease health risks associated with saturated fat.  

Mozaffarian & Rimm (2007) found that 1-2 servings of fish per week can significantly reduce the 

risk of coronary death by 36%.  Seafood consumption accomplishes this through the reduction 

of high blood cholesterol and high blood pressure. The inclusion of seafood in the diet, along 

with healthy food habits can help reduce excess body weight as well (Nesheim & Yaktine, 

2007).   

Additionally, high levels of EPA and DHA in seafood further support its importance in the 

diets of certain subpopulations, specifically pregnant women and young children. Studies 

suggest that omega-3 fatty acids intake can increase gestation duration, birth weight, and 

neurodevelopment (Nesheim & Yaktine, 2007). To gain these benefits, Mozaffarian and Rimm 

(2006) recommend that women of childbearing age and nursing mothers include 2 seafood 

servings per week in their diet.  In fact, even though there are some health risks associated with 

consumption of seafood, including exposure to methylmercury and PCBs, the United Kingdom’s 
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Scientific Advisory Committee on Nutrition, the US Environmental Protection Agency and Food 

and Drug Administration’s joint advisory, the American Dietetic Association, the Dietitians of 

Canada, the American Heart Association, and the Dietary Guidelines Advisory Committee all 

support the recommendation of two servings of fish per week for all age groups (Nesheim & 

Yaktine, 2007). 

As a dense source of protein and other key nutrients, seafood is an important staple in 

people’s diets across the globe. The FAO reports that 2.9 billion people worldwide relied on 

seafood for at least 15% of their average animal protein consumption in 2006 (FAO, 2012).  

Improved trade agreements, advances in preservation and storage technologies, and cheaper 

transportation has provided greater access to seafood for inland populations (Asche et al., 

2015). This is coupled with the massive expansion of aquaculture, which has bolstered the 

global seafood supply and met rising demand as production from wild stocks remains constant 

(FAO, 2012).  

In light of this worldwide growth in seafood demand, a massive trade-web has emerged, 

incorporating many of the world’s nations as both importers and exporters. As the benefits of 

seafood intake have been further illuminated, global per-capita demand of seafood has grown 

with it, such that seafood has become one of the most highly traded food commodities globally 

(Gephart and Pace, 2015). From 1976 to 2006 world seafood trade volume increased fourfold 

from 7.9 million tons to 31.3 million tons, and trade value increased threefold, from 28.3 billion 

USD to 86.4 billion USD (Asche & Smith, 2010).  

Seafood price has decreased per unit of volume, largely considered a boon to those of 

lesser economic means for its improved ability to replace other, less healthy food options 
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(Asche & Smith, 2010). A continuation of this trend propelled by the expansion of global trade 

has the potential to remedy many of the nutritional problems that plague low-income 

populations in developing nations. However, there is a countervailing point that although 

expanded trade may be beneficial in aggregate, not all consumers are guaranteed to be better 

off.  

Seafood trade between developed and developing nations has grown in the last thirty 

years with a nearly even split in volume flowing into, and out of, the two groups (Asche et al., 

2015). Although it’s argued that developing nations maintain a near-net-neutral volume of 

seafood for consumption, whether the nutritional needs of trading countries are equitably met 

is debated. Asche et al. (2015) examined global seafood trade from a value perspective and 

contend that while developing and developed nations share an even distribution of value in 

their seafood exports, there is a large inequity in terms of import value. Overall, they show that 

developed nations are bringing in a much larger share of high-value products for consumption, 

leaving developing states the low-value products for their own share, resulting in what the 

authors call a “seafood trade deficit.”  

Assuming that the seafood trade deficit does exist, there may be distributional health 

impacts for individuals living in developing nations participating in seafood trade.  The intrusion 

of international fishing fleets or the appropriation of funds by the powerful elite can restrict the 

flow of benefits to communities (Kirchner & Leiman, 2014; Asche et al., 2015). These outcomes 

are unpredictable and likely vary across regions.  The effect of increased trade flow on poverty 

reduction remains a contentious issue.  In some cases, developing nations may also be 

jeopardizing food security within their own borders in the name of economic prosperity. By 
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increasing seafood exports, developing nations may inadvertently reduce disadvantaged 

people’s access to sources of vital nutrients.  Understanding these consequences are of utmost 

importance to global governance policy makers concerned with improving health and economic 

outcomes of people living at or below the poverty line. 

Proponents for free trade offer up an alternative scenario. Freezing and transportation 

technology has allowed for the expansion of high-value seafood products to be exported to 

anywhere in the world (Asche & Smith, 2010).  Although this processing strategy is most 

commonly implemented by modern fleets from developed nations, the practice is spreading to 

developing nations as well.  As such, exporters in developing nations are gaining greater access 

to global markets where their catch can demand higher prices than they would otherwise 

receive from selling locally (Asche & Smith, 2010). Increased profits in developing fisheries 

encourages additional vessels to enter the area, thus increasing employment capacity.   

 Ideally, fishing operations will hire locally, spreading welfare gains in the form of new 

jobs to the localized economy. In this way, the detrimental effect of lowering local seafood 

supply can potentially be mitigated through monetary inflows into communities and lost 

seafood may be replaced with greater access to other, previously unaffordable, sources of 

protein.  The increased proceeds can also contribute to other welfare gains such as investments 

in education or funding for infrastructure. However, as Asche et al. (2015) point out, in reality 

this ideal scenario does not always play out.   

The Food and Agriculture Organization of the United Nations’ (FAO) is dedicated to 

eliminating hunger, food insecurity, malnutrition while also making fisheries more productive 

and sustainable.  To achieve this goal, the FAO monitors and collects data on global seafood 
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trade.  In fact, Asche et al. (2015) assert that “the annual aggregate FAO seafood trade data are 

currently the only data that can address the link between food security and seafood trade at 

the global level.”  As such, the FAO has a vested interest in uncovering the effects that seafood 

trade has on nations, particularly if those trade patterns contribute to food security or food 

insecurity and economic development in poor nations.  

Research Question: 

Based on the existing understandings outlined above, our research will aim to 

determine how these trade dynamics impact the availability and international transfer of key 

nutrients found within marine protein sources. At its core, our research will seek to answer two 

fundamental questions. Firstly, is the nutritional value of seafood, broken into its requisite 

components, reflected in its economic value throughout the global seafood trade? Based on 

these findings, this research will also seek to ask if nations with issues of food and nutrition 

insecurity (predominantly in the developing world), are sacrificing important sources of 

nutritious seafood for economic gains from trade. 

While the database will encompass a large array of nutrient sources within seafood, our 

focus will be on seven core components: calories, protein, fatty acids, Iron, Zinc, Selenium, and 

Vitamin B-12. Seafood contains a broad array of nutrients that are beneficial to human health. 

However, these above components will be the focus given that these nutrients are both 

prominent in seafood products, as well as frequent contributors to malnutrition globally. 

Because of this, these components will provide a well-rounded picture of nutritional availability 

in seafood and its role in achieving food security broadly.  
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Using this approach, the research in question will begin with the assumption that the 

core findings of the “seafood trade deficit” (Asche et al., 2015) are true. Namely, that the 

seafood trade balance between developed and developing nations globally is relatively equal 

from a mass standpoint while value is disproportionally skewed towards developed nations. In 

other words, while the volume of seafood imported and exported throughout the world 

remains relatively equal across developed and developing nations, developed countries receive 

a much larger proportion of high-value seafood, while lower-price products are dominantly sent 

to or kept within the developing world.  

Starting with this assertion, our work will attempt to layer on another component to this 

global seafood trade: nutrition. Our initial hypothesis is that nutrition flows will mirror that of 

the value flows in the seafood trade deficit: higher concentrations of key nutrients will flow 

towards developed nations, while developing nations will have higher supplies of low-nutrition 

products. As with value, this proposed nutritional deficit will be reinforced not only by trade 

between the developed and developing world, but also in part to trade between nations of 

similar affluence. We expect that countries of affluence will further entrench the nutritional 

deficit through market wide trading of high-value, nutrient-rich seafood amongst themselves, 

while simultaneously, developing nations trade low-value, nutrient-poor seafood to other 

developing nations. Ultimately, we expect to see flows of nutrients into the developed world, 

and outflows from developing nations. As part of this assertion, there is an underlying 

hypothesis that seafood value and nutritional content are correlated.  

Further in line with the seafood trade deficit, we expect higher nutrient concentrations 

to be reflected in a good’s price, such that more nutritional seafood will carry a higher marginal 
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price. In essence, we expect that when seafood products are broken down into the 

concentrations of these core nutrients, each nutrient will carry a positive implicit price. This 

implies that the nutritional content of seafood is being internalized into its economic value. 

Overall, this research hypothesizes that the global seafood trade, with respect to value and 

nutrition, is acting rationally, so that consumers value seafood products for their nutritional 

content in addition to taste, and consumers pay more as nutritional concentrations increase.  

Methodology 

Research Design 

In order to accomplish the stated research goal of mapping global nutritional flows of 

seafood within the scope of this project, a case study approach was developed. This will allow 

us to reduce the total number of data points in consideration, while still generating analysis and 

insights on a global scale. Overall, the goal of the case study was to select a mix of both 

developing and developed nations that strongly participate in the global seafood trade. This 

allows us to profile nations that are impacted by the global seafood trade at impactful levels, 

while still gaining trade data on nearly every nation in the world.  

To accomplish this goal, this research sought to identify six nations as ideal case study 

candidates, using three considered “developed” and three considered “undeveloped.” Within 

each subset, one nation each was selected that was considered import-focused, export-

focused, or trade-balanced from a seafood perspective. To identify these nations, we utilized 

FAO data to analyze seafood imports, exports, and overall trade quantities. Specifically, we 

examined the FAO’s Food Balance Sheet dataset, which contains annual data on nation-level 
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seafood imports and exports by volume (FAO, 2019). The final values utilized were running 

averages from 2005-2015.  

Using this data, export:import ratios were calculated for each nation, and then all nations 

were ranked by total production (sum of imports and exports). For this study, only nations 

ranking in the top 50 of global production were considered, as we aimed to target nations that 

participate substantially in the global seafood trade. This was done primarily to ensure that 

enough data-points would be contained within the dataset, and that a relatively accurate 

picture of the global seafood trade was being portrayed. Once this data was generated, nations 

were flagged for having notably high, low, or even trade ratios. Using this methodology, six 

nations were identified as ideal candidates for this analysis. These nations were the United 

States, Japan, Norway, Brazil, Mexico, and Namibia (Figure 1)   

Having selected the six nations that will be the focus of this research project, a database 

was prepared to map the global seafood trade through the perspective of these countries. 

Specifically, for each of these nations, all imports and exports for the year 2016 were mapped. 

This mapping includes partner country, quantity and price, species traded, preparation type, 

and a complete breakdown of the nutritional profile of that product. For this project, we will be 

focusing our analysis on seven core components of seafood’s nutritional impact: calories, 

protein, fatty-acids, iron, zinc, vitamin B-12, and selenium. These components represent the 

nutritional aspects of seafood that are important to a balanced human diet, as well as the 

micronutrients that are notably concentrated in seafood compared to other food groups 

(Nesheim & Yaktine, 2007). 
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Database Creation 

Given the uniqueness of this research goal and lack of comparable data products, the 

database was created specifically for this project using a combination of sources. Seafood trade 

data was acquired through the United Nations ComTrade service3. This publicly available 

service provides product- and preparation-level trade data for all seafood products across the 

globe. Using a batched search query, import and export trade data for all six nations was 

available for download, which could then be uploaded into a new database and modified for 

our analysis.  

The ComTrade data provides a highly granular selection of trade data, which includes: flow 

(import vs. export), nation of import, nation of export, quantity, value, and species traded. 

Additionally, ComTrade also reports unique characteristics of each product, such as fillet vs. 

whole, fresh vs. frozen, and other preparation types like canned, salted, dried, or preserved in 

oil. Throughout this research, only 2016 data-points were used, in order to assure consistency, 

while also securing the most recent data that was also complete. Overall, this database 

contains the trade of all products listed as seafood under the ComTrade archive. As ComTrade 

excludes all varieties of seaweed from this category, this analysis also omits seaweed. 

Additionally, all products not directly consumed by humans were removed. This includes items 

directly labeled as “Not Fit for Human Consumption” or “Ornamental” as well as Menhaden, 

Krill, Corals, and Sponge.  

With a full dataset of global seafood trade in place, we were then able to affix unique, 

product-specific nutritional information to each data-point. To accomplish this, we relied on 

                                                        
3 Accessed via https://comtrade.un.org 
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existing databases that provide nutritional breakdown of seafood and other food items. This 

began with a database solely focused on seafood nutrition from the UN Food and Agriculture 

Organization, the FAO/INFOODS Global Food Composition Database for Fish and Shellfish, 

version 1.0 (FAO, 2016). This dataset provides nutritional breakdowns of 78 unique species of 

consumable fish and shellfish, each broken down into their relevant preparation styles, which 

includes fillet, raw, boiled, boiled in recipe, grilled, poached, smoked, baked, farmed, or wild. 

Additionally, the dataset includes an edible coefficient for each product, which is defined as the 

proportion of the whole animal product that would be directly consumed by an individual. 

For each of these individual product categories, the dataset affixes 181 unique nutritional 

components. This breakdown includes macro-level indicators such as calories, protein, and fat, 

as well as all relevant micronutrients that comprise human diets. The process of selecting our 7 

nutritional components of interest involved conducting a review of peer-reviewed papers on 

seafood nutrition (Figure 24).  The review involved compiling a list of nutrients purported to be 

both prevalent in seafood as well as beneficial for human health. Protein, fatty acids, Zinc, Iron, 

Selenium, Vitamin B-12, and Vitamin D were most prevalently mentioned across our sources.  

Our database contained all nutritional components except Vitamin D. Lastly calories, an obvious 

choice in any nutritional analysis, was included as a nutritional component of interest. 

To supplement missing fish species not included in the FAO’s file, we also incorporated a 

database from Japan’s Ministry of Education, Sports, Science, and Technology (MEXT, 2015). 

Though not specific to seafood products, the database included a much larger variety of species 

to select from. However, this database also included fewer nutritional categories, especially 

those that are specific to seafood. For instance, the FAO database includes 128 separate 
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measurements of fatty acids in each product, while MEXT’s database measures four different 

types of fatty acid. For this research, we measured total fatty acids, rather than attempting to 

parse out a vast number of acid chains, in order to better integrate the two datasets and reduce 

discrepancies. Beyond this difference, each dataset contained the core nutritional components 

of our analysis: calories, protein, fatty-acids, Zinc, Iron, Selenium, and Vitamin B-12.  

The nutritional data was then affixed to every seafood trade that occurred based on species 

and processing. For products where there was a direct equivalent in the nutritional data, the 

values were simply affixed directly into the database. For certain instances, the trade data was 

less granular than the nutritional data in terms of taxonomy. Typical cases of this were trades of 

“crab” or “mussel.” In these cases, species that are highly consumed and traded were used for 

these broad categories, such as using blue crab for “crab” and evaluating “pacific salmon” as 

Coho salmon.  

On top of this, there were a number of trade items for which nutritional profiles were not 

available at all. For species that were traded but did not have nutritional data, best-estimate 

proxies from other species were utilized (Figure 3). For example, neither database included 

nutrition for Plaice, a common groundfish. Recognizing it’s taxonomic and biological similarities, 

the nutritional data for Halibut was used as a replacement. These substitutions occurred across 

trophic levels, and were evaluated using a combination of biological, taxonomic, geographic, 

physiological criteria.  

Lastly, the trade data contains a number of broad seafood categories deemed 

“unspecified.” There are eleven products with an unspecified label (denoted as NSPF). Six of 

these products that were species-focused (Tuna, Salmon, Shrimp, Squid, Catfish, and Trout) 
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received a single-product proxy (Figure 3). However, there were five NSPF categories much 

broader in scope. These unspecified categories were fish, groundfish, flatfish, crustacean, and 

mollusk. To account for these data-points within the global seafood trade, model nutritional 

profiles were constructed using weighted averages of the most frequently caught species within 

each category. 2016 landings data was sorted by quantity, and the species ranking highest in 

each category were selected. This process was done for each case study country to maintain 

accuracy in the database for all NSPF fish products. However, groundfish, flatfish, mollusk, and 

crustacean landings data was not available with requisite granularity for any nation outside the 

United States. For these groups, U.S. model nutritional profile were employed throughout 

(Figure 4). Within each grouping, the total quantity of landings was calculated, and each species 

contribution to that value was generated as a decimal proportion. These proportions acted as 

modifiers to a species’ nutritional value, where then all values were summed to create a 

weighted-average nutritional profile. A breakdown of the species used for these calculations 

can be found in Figure 4. As fish and groundfish constitute much of the top landings by species, 

each of these used 10 individual species to generate a nutritional profile. For flatfish, 

crustacean, and mollusks, species were only included that would have a noticeable effect on a 

nutritional profile, ranging from three to six species per category.  

Next, nations were assigned as developing or developed based on national-level economic 

indicators. The classification of nations by development status is not agreed upon globally, and 

thus we generated our own definition after an iterative process of examining multiple 

development metrics. Ultimately, we relied on gross domestic product (GDP) per-capita, along 

with overall population, to generate a list of developed nations. Specifically, all nations were 
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ranked by GDP per-capita in 2016 using World Bank statistics.4 After sorting, the populations of 

the highest-ranking nations in GDP per-capita were cumulatively summed until 20% of the 

world’s population was attained. The nations that comprised this 20% of the population were 

then characterized as “developed” in the database and retained that status for all future 

analysis (Figure 7).  

This 20% cutoff was determined using guidance from one of the more comprehensive and 

recognized development metrics, the United Nations Human Development Index.5 This index 

incorporates indicators from three pillars of development (life expectancy, education, and 

standard of living) to rank all nations on their development status. As an index, nations are 

ranked between 0 and 1, with the UN considering all nations ranking 0.8 or above as exhibiting 

“very high human development.”6 Based on this metric, we ranked 74 nations out of 222 as 

developed, constituting one-third of all nations recognized by the World Bank’s datacenter. 

Given that our selection of case-study nations was highly reliant on strong participation in the 

global seafood trade, this definition of development proved useful, as it binned all case-study 

nations (United States, Norway, Japan, Brazil, Mexico, and Namibia) in the same 

developed/developing categories that we had assigned them. Having established a full dataset 

with trade, nutrition, development, and other relevant metrics, the project moved into 

exploratory analysis and design of a hedonic regression model to value the nutrition of seafood 

products.   

                                                        
4 Accessed via https://data.worldbank.org/ 
5 Accessed via http://hdr.undp.org/en/content/human-development-index-hdi 
6 Accessed via http://hdr.undp.org/en/composite/HDI 
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Analysis and Model Design 

Using the dataset constructed, exploratory analysis and econometric modelling were 

conducted in STATA to determine nutritional influences on seafood prices. Exploratory analysis 

included distributions, descriptive statistics, and calculations of the average per-kg density and 

“price” of different nutrients based on trade values and nutritional concentrations.  

Following this exploratory work, analysis focused on constructing a hedonic price model in 

order to estimate nutrients’ effect on seafood prices. For the nutritional variables, all of them 

were configured into marginal units per kg of seafood. Additionally, numeric variables for 

trophic level and GDP per-capita were incorporated (Figure 2). The trophic level variable was 

applied using the proprietary ranking method from FishBase.7 These values range from 2 to 5, 

but were only available for finfish, eliminating all crustacean, mollusks, and invertebrates. For 

this reason, models incorporating trophic levels only consider finfish products. These numeric 

variables are listed below. Note: for all nutritional variables, the value reflects the grams of 

edible nutrition available per kg of total product traded. In other words, the edible coefficient is 

utilized to produce the amount of extractable nutrition, but is then framed in reference to the 

total quantity of product traded. 

Following construction of the model’s numeric variables, a set of dummy variables were 

generated using existing data. These dummy variables fall into three broad categories: trade 

characteristics, taxonomic characteristics, and product characteristics. For trade, the goal of the 

dummy variables is to track the development status of the importing and exporting nation, 

which is done by defining whether any trade was exported by a developed or developing 

                                                        
7 Accessed via www.fishbase.org 
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nation, and whether the importer was considering developed or developing. Naturally, with 

binary options there are four distinct trade flow linkages, which are: 1) developing nations 

exporting seafood products to a developing nation, 2) developing nations exporting to a 

developed nation, 3) developed nations exporting to developing nations, and 4) developed 

nations exporting to developed nations. To avoid the issue of perfect multicollinearity only 

three trade-related dummy variables were created.  We omitted the dummy variable for 

seafood products that are exported by developing nations to developing nations.  

Taxonomic dummy variables were generated for crustaceans, mollusks, and 

invertebrates, which is utilized within a model regressing across these three product groups.  To 

provide more granularity on the processing of each product, dummy variables were created for 

fresh, live, dried, flours/meals/pellets, edible offal and smoked products. The most commonly 

listed product classification is frozen, which was not given a dummy to avoid multicollinearity. It 

is important to note that while many products may have been smoked and then dried, or 

smoked and then frozen, the smoked dummy is used for seafood products that were only 

smoked and packaged. Additionally, the product classifications were not as granular for 

crustaceans, mollusks, and invertebrates. Products under these taxonomic classifications were 

often listed as dried, frozen or smoked, and for this reason were not used. The product dummy 

variables are intended to parse out relationships between seafood production types with 

different consumer perceptions and consumption patterns.  

Having generated all of the necessary variables, the hedonic pricing model was ready for 

testing. Using standard multiple linear regression format, the natural log of price per kg was 

regressed against all of the variables described above, which each nutritional variable natural-
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logged as well. In the final regression output, Selenium was omitted from the model, as this was 

the primary source of missing data, and models including selenium dropped the number of 

observations by more than half. Model examples of the finfish and crustacean-mollusk-

invertebrate CMI models are below: 

Finfish Model:  

ln(𝑃𝑟𝑖𝑐𝑒	𝑝𝑒𝑟	𝑘𝑔) = 𝛽0(ln(𝐶𝑎𝑙𝑜𝑟𝑖𝑒𝑠	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽7(ln(𝑃𝑟𝑜𝑡𝑒𝑖𝑛	𝑝𝑒𝑟	𝑘𝑔)) +

	𝛽:(ln(𝐹𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽>(ln(𝐼𝑟𝑜𝑛	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽@(ln(𝑍𝑖𝑛𝑐	𝑝𝑒𝑟	𝑘𝑔)) +

𝛽B(ln(𝑉𝑖𝑡𝑎𝑚𝑖𝑛	𝐵12	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽H(𝑇𝑟𝑜𝑝ℎ𝑖𝑐	𝐿𝑒𝑣𝑒𝑙) + 𝛽M(𝐷𝑟𝑖𝑒𝑑) + 𝛽O(𝐹𝑟𝑒𝑠ℎ) + 𝛽0P(𝑙𝑖𝑣𝑒) +

𝛽00(𝑜𝑓𝑓𝑎𝑙) + 𝛽07(𝑓𝑙𝑜𝑢𝑟𝑠,𝑚𝑒𝑎𝑙𝑠, 𝑝𝑒𝑙𝑙𝑒𝑡𝑠) + 𝛽0:(𝑠𝑚𝑜𝑘𝑒𝑑) + 𝛽0>(ln(𝐺𝐷𝑃)) +

𝛽0@(ln(𝑡𝑟𝑜𝑝𝑖𝑐	𝑙𝑒𝑣𝑒𝑙)) + 𝛽P  

 CMI Model:  

ln(𝑃𝑟𝑖𝑐𝑒	𝑝𝑒𝑟	𝑘𝑔) = 𝛽0(ln	(𝐶𝑎𝑙𝑜𝑟𝑖𝑒𝑠	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽7(ln	(𝑃𝑟𝑜𝑡𝑒𝑖𝑛	𝑝𝑒𝑟	𝑘𝑔)) +

	𝛽:(ln	(𝐹𝑎𝑡𝑡𝑦	𝑎𝑐𝑖𝑑𝑠	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽>(ln	(𝐼𝑟𝑜𝑛	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽@(ln	(𝑍𝑖𝑛𝑐	𝑝𝑒𝑟	𝑘𝑔)) +

𝛽B(ln	(𝑉𝑖𝑡𝑎𝑚𝑖𝑛	𝐵12	𝑝𝑒𝑟	𝑘𝑔)) + 𝛽H(𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 − 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑) + 𝛽M(𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑 − 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑖𝑛𝑔) +

𝛽O(𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑖𝑛𝑔 − 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑑) + 𝛽0P(𝑐𝑟𝑢𝑠𝑡𝑎𝑐𝑒𝑎𝑛) + 𝛽00(𝑖𝑛𝑣𝑒𝑟𝑡𝑒𝑏𝑟𝑎𝑡𝑒) + 𝛽P  

The above regression output above represents the basic designs for the finfish and CMI 

hedonic pricing models. These models will be used to evaluate how the price of seafood is 

related to the concentration of these key nutrients, as well as how other relevant product- and 

nation-level indicators influence price as well. 

Results: 

Using the data collection and case study methods described, a complete seafood trade and 

nutrition dataset was generated that contains 10,962 individual records. From the perspective 
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of the six case study nations, these transfers are either imports or export, and reflect all trade 

of a single ComTrade seafood commodity code for the entire year. While most of these 

commodity codes reflect a single species and processing method, some describe a broader 

category, such as unspecified fish, mollusks, or crustaceans. In all, 187 unique commodity codes 

were applied.  

From a trade standpoint, slightly more export records occurred than imports (6,297 vs. 

4,664). Of this, the dominant trade category is finfish in terms of total trades, followed by 

crustaceans, then mollusks, and lastly invertebrates (Figures 9a & 9b). While developing nations 

exhibit a greater total number of commodity-based records than developed nations, developed 

nations represent a larger portion of seafood trade by volume.  

Country Case Study Analysis 

An examination of the case-study nations (United States, Japan, Norway, Mexico, Brazil, and 

Namibia) in terms of the mass and value of seafood trades show that the developed nations are 

much more impactful to the global seafood trade. The developed nations represent a larger 

proportion of seafood trade than developing nations in both volume and value at 84.1% and 

92.5% respectively. The export:import ratios by volume for our case study year 2015 closely 

resemble the 10-year average that we calculated using FAO data (Figure 5). Both Norway’s and 

Namibia’s seafood exports are more than 10 times greater than their imports. Our 

representative import-heavy nations, Brazil and Japan, import seafood approximately 3 times 

as much and 10 times as much as they export by volume. While the United States and Mexico 

still import more seafood than they export, they are still solid representations of well-balanced 
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trade countries. The United States has an export:import ratio of .69 and Mexico has a ratio of 

.58. For both countries, their imports are less than twice that of exports. 

Descriptive Statistics - Price 

There is an immense range in prices across seafood products. At the low end of the 

spectrum there is fresh tuna exported from South Africa to Namibia at $0.02 per kilogram. 

Although this is an unusually-low price for tuna, it may be due to poor-quality product, or a 

potential signal of data errors from ComTrade. At the high end of the price range there are live 

eels imported to Japan from China at a price of $18,372.69 per kilogram. In this instance, the 

most likely explanation is that these are juvenile eels, known as elvers, which are by-far the 

most expensive fish in the world by weight. Japan imports elvers for maturation and future 

consumption, and pays top dollar to ensure a steady supply of elvers to keep up with high 

demand for the product. The mean and median price per kilogram of seafood is $15.16 and 

$7.09 respectively. The data has a non-normal distribution with a kurtosis value of 9464.23 and 

a skewness value of 94.49 (Figure 6). This indicates that distribution of price per kilogram of 

seafood is weighted heavily in the tails of the bell curve and is also positively skewed. 

Descriptive Statistics – Nutrient Variables 

The nutrients in this analysis vary to a considerable degree across seafood products. Figure 

6 displays descriptive statistics for the seven nutritional variables on grams consumable 

nutrient per kilogram of total seafood traded. The seven nutrient variables included in this 

analysis have all been modified by the edible coefficient that have been affixed to each seafood 

product. For example, when a seafood product is said to have 100 grams of protein per 

kilogram of seafood, this is on a per kilogram of traded seafood basis. This is lower than the 
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grams of protein per kilogram of seafood consumed basis. Although there is in fact more grams 

of protein being traded than is reported by our per-kilogram variable, the variable more 

accurately reflects the nutritional value of seafood as consumed by the end user. This is all to 

say that our nutrient grams per kilogram of seafood traded variable is not comparable to other 

studies that report grams of nutrient per kilogram of seafood consumed. 

The nutrient variable protein ranges from a minimum of 9.78 to a maximum of 839 grams 

per kilogram of seafood traded. Oysters are the lowest in this category, a result of containing a 

modest level of protein in the consumable portion of the product and receiving an edible 

coefficient of 0.11. At the high end of the spectrum are dried shark fins. According to the Japan 

MEXT dataset, there is on average 83.9 grams of protein per 100 grams of dried shark fin. A 

closer look at the fatty acid variable reveals interesting results as well. The minimum value of 

0.14 grams of fatty acids per kilogram of seafood traded is attributed to fish of the families 

Bregmacerotidae, Euclichthyidae, Gadidae, Macrouridae, Melanonidae, Merlucciidae, Moridae 

and Muraenolepididae. Fish within this category are within the cod family, known to be quite 

low in fatty acids. The maximum value of 187.90 grams of fatty acids per kilogram of seafood 

traded is attributed to the Patagonian Toothfish, more commonly known today as the Chilean 

Sea Bass. All nutrient variables are positively skewed with high levels of kurtosis. Iron is the 

highest in both categories with a skewness value of 9.45 and a kurtosis value of 95.32. Calories 

per kilogram of seafood traded is the nutrient variable closest to resembling a normal 

distribution with a skewness value of only 1.65 and a kurtosis value of 6.51. The high level of 

variance across each of these nutrient variables reflects the high level of variance in nutritional 

content of seafood products traded. Spot checks were performed as well as investigations of 



 27 

irregular values to confirm that the nutrient properties of seafood products in our database 

match the nutrient properties of other data sources.8 

Figure 6 also displays descriptive statistics for our remaining non-binary variables used in 

our analysis. Country-level gross domestic product per capita has a high level of variance, but is 

normally distributed with a skewness value of 0.05 and a kurtosis value of 1.8. Burundi is the 

country in our dataset with the lowest GDP per capita of $304.37 USD and Luxembourg is the 

highest with a GDP per capita of $101,446.78. Trophic level is the only negatively skewed 

variable with a value of 1.25, and has a kurtosis value of 6.56. The highest trophic level species 

included in our dataset is Bluefin Tuna and the lowest trophic level species is Tilapia. 

Pairwise Correlations 

The pairwise correlation matrix in Figure 8 reveals that most of the nutrients included in our 

analysis are positively correlated with one another. Calories are significantly positively 

correlated with all nutrients at a 95% confidence level. Intuitively this makes sense. As the 

caloric quantity of a kilogram of seafood increases so does its nutritional content. The 

correlation coefficient of .8311 indicates that there is a strong positive relationship between 

calories and protein. Calories and fatty acids also demonstrate a strong positive relationship 

with a correlation coefficient of .8306. The remaining nutrient variables display a positive 

correlation with calories, but to a lesser degree. Protein, Vitamin B-12, Zinc, and fatty acids all 

display significant positive correlation coefficients with other nutrients. The lowest correlation 

coefficient values are assigned to the correlations between fatty acids and iron as well as fatty 

                                                        
8 Accessed via https://nutritiondata.self.com/ 
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acids and zinc. The correlation coefficients approach 0.1, indicating that there is only a weak 

relationship between these two pairs of nutrients. Selenium is significantly positively correlated 

with all nutrient variables with the exception of iron which displays a weak negative 

relationship. Price per kilogram of seafood traded displays only two significant correlation 

coefficients at the 95% confidence level, with zinc and with selenium, both of which are very 

weak positive correlations. With the exception of selenium, the trophic level variable does not 

appear to have a strong relationship with any of the nutrient or price variables. Trophic level 

and selenium display a moderate relationship with a significant correlation coefficient of 0.349. 

Overall, a quick examination of the correlation matrix reveals what we would expect: most 

nutrients are positively correlated with each other and nutrients are weakly positively 

correlated with price and trophic level. 

Nutrient Flow Analysis 

Figures 10a-e provide a more detailed view of country-level nutrient flows. For the 

purpose of our analysis, we stratified seafood trade between countries along 4 distinct 

categories. These categories include: 1. seafood trade between developing nations (Figure 10b); 

2. seafood exported from developed countries and imported by developing countries (Figure 

10c); 3. seafood exported from developing countries and imported by developed countries 

(Figure 10d); and 4. seafood trade between developed nations (Figure 10e). Seafood trade 

across all nations was also included as a base reference (Figure 10a). The nutrient flow tables 

display total value of seafood traded in US dollars, the total quantity of seafood traded in 

kilograms, as well as a useful ratio of seafood value to seafood quantity expressed in US dollars 

per kilogram of seafood traded. Seafood trade volume as measured by weight is distributed 
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fairly equally across the four categories. Trade amongst developing nations is the lowest with a 

total of 1.2 trillion kilograms of seafood. The highest in this category, trade amongst developed 

nations has a total of 3.7 trillion kilograms. Interestingly, seafood trade as measured by value in 

US dollars has a significantly different market share composition across trade categories. 

Developing nation seafood exports that are imported by developed nations comprise 42.2% of 

the market share measured by monetary value. This is closely followed by seafood exported 

from developed nations to other developed nations, which constitutes 41.9% of the market 

share. In contrast, seafood products exported by developing and developed nations that are 

imported by developing nations only comprise the remaining 15.9% of market share as 

measured by monetary value. 

Figure 18 displays the seafood value ratios across trade categorizations. On average, 

seafood is traded at a value of $4.64 per kilogram. Seafood trade amongst developing countries 

reveals the lowest average ratio of $1.47 per kilogram. Seafood exports from developed 

countries that are imported by developing countries on average cost $2.79 per kilogram. 

Exports from developing nations that are imported by developed nations represent the highest 

ratio with a value of $6.73 per kilogram. Seafood trade amongst developed countries maintain 

the second largest ratio value of $5.06 per kilogram, which is quite close to the baseline 

reference ratio. 

In addition to summary statistics on the quantity and value of seafood trade, figures 

10a-e also reveal trade flows of our seven nutrient variables of interest. Nutrient trade flows 

are measured on both a grams nutrient per-kg of seafood traded basis, as well as a grams 

nutrient per-US dollar basis. While there is quite a lot of variation across trade categories, as 
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well as significant differences in scale across nutrient variables, two unique trends materialize 

in the graphical visualization of grams nutrient per kilogram of seafood traded (Figure 19). 

Calories, protein, fatty acids, Iron, and Vitamin B-12 concentrations in seafood products are 

high among developed nation seafood exports. Of the exports coming from developed nations, 

concentrations of calories, protein and iron are greatest for developed nation imports of 

seafood products, and concentrations of fatty acids and Vitamin B-12 are greatest for 

developing nation imports of seafood products. Calories, protein, fatty acids, Iron, and Vitamin 

B-12 concentrations are proportionately much lower for developing nation seafood exports 

imported by developed nations. Zinc and Selenium concentrations display a different trade 

trends across development categories. Concentrations of Zinc in seafood products are highest 

among developing nation exports that are imported by developed nations. Concentrations of 

Selenium in seafood products are highest among developed nation exports that are imported 

by other developed nations.  

The seafood nutrient flow on a grams nutrient per-US dollar basis reveals consistent 

trends across all seven nutrient variables (Figure 20). Calories, protein, fatty acids, Iron, zinc, 

Selenium, and Vitamin B-12 grams per US dollar are higher among seafood products imported 

by developing nations than seafood products imported by developed nations. However, 

imports to developing nations also exhibit lower prices per-kg, leaving some obscurity about 

the nutrient-density of seafood products flowing between the developing and developed 

worlds. This rudimentary analysis reveals the need for regression analysis that can isolate the 

effects of each nutrient variable on the price of seafood. 
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Regression Analysis 

Prior to construction of the first multivariate regression analysis, model distributions of 

numeric variables were examined to determine if any transformations would improve the 

model design. First examining the dependent price variable, a highly positively-skewed 

distribution was observed (Figure 21), and a natural-log transformation was applied (Figure 22). 

For the independent numeric variables, positively-skewed distributions were observed for some 

variables, but not all. For reasons of consistency and interpretation, all independent numeric 

variables were logged. This includes all nutritional variables, as well as GDP per-capita and 

trophic level. Furthermore, it is important to note that data on Selenium is omitted from 5,340 

trade records, which creates a challenging data gap. In order to avoid regression outputs with 

severely limited sample sizes, Selenium is excluded from all but one model produced in this 

analysis (Figure 13). 

The first regression represented in Figure 11 contains all seafood products including finfish, 

crustaceans, mollusks and marine invertebrates. The dependent price variable is regressed on 

six nutrient variables: calories, protein, fatty acids, Iron, Zinc, and Vitamin B-12, the three trade-

characteristic dummy variables, and the three taxonomic dummy variables. While the model 

overall is statistically significant (F 195, p<0.0001), not all variable coefficients included in the 

regression are statistically significant at the .05 alpha level. Namely, neither of the coefficients 

for logged calories per kilogram of seafood traded and logged calories per kilogram of seafood 

traded are significant at the 95% confidence level.  

The coefficients for the three trade characteristic dummy variables included in the model all 

carry a positive sign. This indicates that all else held constant, trade occurring between 



 32 

developing nations has a lower price than other trade flow linkages. The coefficients also 

demonstrate that seafood products imported by developed nations carry a higher price all else 

held constant. The taxonomic dummy variables invertebrate, crustacean, and mollusk carry 

positive coefficients and are listed from largest to smallest. According to the model, finfish 

carries a lower price on a per kilogram of seafood traded basis. Four additional models were 

created to parse out possible differences in how nutrient composition affects price across each 

of the four seafood phylum types. 

The finfish model displayed in figure 12a includes 6 logged nutrient variables, 6 product 

characteristic dummy variables, logged per capita gross domestic production, and logged fish 

species trophic level. The model is statistically significant at the 95% confidence level (F 134, 

p<0.0001), and the R-squared value of .1969 means that 19.69% of the variation in the 

dependent variable price is reflected by changes in the independent variables. With the 

exception of Iron, all nutrient variables are statistically significant at an alpha level of .05. 

However, the p-value for the Iron coefficient still remains relatively low with a value of 0.101. 

Although the 95% confidence interval for Iron does encompass 0, this coefficient can be 

referred to with 80% confidence that the true value of the coefficient falls within the estimated 

distribution. Interestingly, the only two independent variables with negative coefficient signs 

are logged calories per kilogram of seafood trade and logged grams of Vitamin B-12 per 

kilogram of seafood traded. Overall this is a strong model that yields interesting and intuitive 

results. 

Of the nutrient variables included in this model, the fluctuations in the concentration of Zinc 

are estimated to have the largest effect on price. The coefficient 0.472 means that a 1% 
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increase in grams of zinc per kilogram of seafood traded is associated with a price increase of 

0.472%, all else held constant. The coefficients for logged calories and Vitamin B-12 are both 

approximately -0.3, rounded to the first decimal place. This suggests that a 1% increase in the 

concentration of either nutrient will result in a .3% decrease in seafood price. Grams of protein 

per kilogram of seafood traded has an estimated coefficient of 0.220 meaning that a 1% 

increase in the protein concentration of a fish is associated with a 0.22% increase in price. Both 

fatty acids and Iron receive relatively small coefficients compared to those attributed to the 

other nutrients. The model suggests that a 1% increase in the concentration of fatty acids is 

associated with a 0.066% increase in the price of seafood. Iron has an even smaller effect with 

an associated 0.028% increase in price for every 1% increase in the concentration of iron in a 

given seafood product. 

The significant negative coefficient for Vitamin B-12 is surprising. This result may be 

indicative of the relatively small sample size that was used in this model. The coefficient sign for 

Vitamin B-12 could change with the inclusion of more countries and more seafood products. 

The market may also not accurately reflect the benefits of higher concentrations of Vitamin B-

12 in seafood products, and the finding of significance could be due to type 1 error or due to 

omitted variable bias.  The negative coefficient sign for logged calories could indicate that 

seafood high in calories but diminished in other nutrients are not valued highly by the market. 

This is what dietitians refer to as “empty calories.” For example, processed finfish products such 

as fish sticks may be high in caloric content, but otherwise low in healthy nutrients, and as such, 

fetches a lower price on the market. 
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The ComTrade database contains more detailed product classifications for finfish seafood 

than crustaceans, mollusks or invertebrates. This enables the use of product classification 

dummy variables in this model. The product classification variables live, smoked, edible offal, 

fresh, dried, and flours/meals/pellets are listed in order of largest coefficient to smallest 

coefficient. Frozen finfish products are omitted from the model to prevent perfect 

multicollinearity. However, as each other product characteristic dummy variable has a positive, 

statistically significant coefficient, it’s demonstrated that frozen finfish products have a 

negative influence on price compared to every other preparation method considered.  

The coefficient of 0.189 for logged GDP suggests that every 1% increase in an importing 

country’s gross domestic product per-capita is associated with a 0.189% rise in a seafood 

product’s price. In other words, the positive coefficient for logged GDP indicates that a seafood 

product imported by a country with a high GDP per-capita (a relative proxy for development) 

will carry a higher price than the same seafood product imported by a country with a lower GDP 

per-capita. This assertion is reinforced in Figure 23, as the average price per-kg of seafood at 

the nation-level rises with GDP per-capita. This regression model reveals that trophic level has a 

strong effect on the price of seafood. The coefficient of. 0.914 for trophic level means that a 1% 

increase in trophic level is associated with a 0.914% increase in seafood price.  

Various tests and graphical models were analyzed to test the multivariate regression 

analysis assumptions of homoscedasticity, no multicollinearity, normality, and fit. The residual 

versus fitted plot appears to display constant variance across fitted values, with perhaps a slight 

conic shape towards the right-hand side of the graph (Figure 12b). The Breusch-Pagan/Cook-

Weisenberg test for heteroscedasticity produced a p-value of 0.1367, which does not reject the 
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null hypothesis of constant variance. Figure 12c displays a normal distribution of residuals, 

which supports the assumption of normality.  A skewness and kurtosis test was conducted and 

revealed that logged price is positively skewed (p-value 0.0826). Additionally,  

Vitamin B-12 suffers from kurtosis (p-value 0.8335) (Figure 12d). Variance inflation factors were 

calculated to test for multicollinearity (Figure 12e). As might be expected when dealing with 

nutritional content of food products, the model displays severe multicollinearity. The variables 

for calories, protein, and Zinc all have variance inflation factors greater than 10. While the 

model may not meet the assumption of no multicollinearity, the assumptions of 

homoskedasticity, normality and linearity are met. 

The second finfish regression model shown in Figure 13 maintains the same explanatory 

variables used in Figure 12a, but adds the additional nutrient variable Selenium. As previously 

mentioned, the inclusion of selenium significantly reduces the number of seafood products 

used in the regression.  Furthermore, the coefficient for selenium is not found to be statistically 

significant in this model. Interestingly, the coefficients for calories, protein, and fatty acids flip 

signs, perhaps a product of the reduced sample size. Lastly, the product classification dummy 

variables for dried seafood, edible offal, and flour/meals/pellets are omitted from the model to 

avoid perfect multicollinearity. This suggests that many of the seafood products that don’t have 

data on Selenium content fall within the aforementioned product classification categories. 

The Crustacean, Mollusk, Invertebrate (CMI) model displayed in Figure 14a reveals very 

different results when compared to the finfish model. The regression is statistically significant (F 

80.40, p-value <0.0001) and carries an r-squared value of 0.2847. All six nutrient variables carry 

statistically significant coefficients, yet moving from the finfish model to the CMI model, the 
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directional of all nutrient variables signs is flipped. In other words, all positive nutrient 

coefficients in the finfish model are negative in the CMI model, and vice versa. This provides 

evidence that these two markets are very different from each other. Unlike the Finfish model, 

the CMI model fails the assumptions of normality (Shapiro-Francia test: p-value < 0.001) and 

homoskedasticity (Breusch-Pagan Cook-Weisberg p-value < 0.001). Confirming the finding of 

non-normality, Figure 14b reveals a negatively skewed distribution of residuals. There is a 

strong possibility that the model fails the assumptions due to its over-ambitious attempt to 

accurately measure consumer preferences across three taxonomically different seafood 

categories. Thus, three additional models, one for each seafood product phylum, were 

constructed to more closely examine these unique seafood markets. 

The Mollusk model presented in Figure 16a contains the most seafood records (N: 1,092) 

and produces the most robust results of the three. The model is statistically significant (F: 

58.98, p-value < 0.0001), meets the assumption of homoskedasticity (p-value < 0.0602), and has 

a relatively high explanatory power as compared to other models included in this analysis (r-

squared: 0.3291). However, the assumption of normality is still not met (Shapiro-Francia p-

value: 0.0001), and neither is the assumption of no multicollinearity (Figure 16b). 

Despite these challenges, the Mollusk model produces interesting insights. The coefficients 

are several orders of magnitude larger for each nutrient. For example, a 1% increase in calories 

per kilogram of mollusks traded is associated with a 44% increase in product price. Equally 

perplexing is the finding that increases in protein, fatty acid, and Iron concentrations are 

associated with reductions in price. However, the failed assumptions of the model as well as 

the relatively small sample size calls into question the validity of these findings. 
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The Crustacean model (Figure 15a) is subject to many of the same issues as the Mollusk 

model, but to an even greater degree. Although the model is statistically significant (F 18.26, p-

value < 0.0001) the explanatory power is greatly reduced (r-squared: 0.1082). In addition to 

failing the assumptions of normality (Shapiro-Francia p-value < 0.0001), the regression also 

suffers from heteroskedasticity (p-value < 0.0001). Interestingly, the model does not suffer 

from multicollinearity (Figure 15b), likely a result of the omission of calories, protein and zinc 

from the model. 

 One shortcoming of the ComTrade database is that crustacean trade records are not 

assigned classification descriptions with the same level of granularity as finfish records are. For 

example, all crabs are assigned the same commodity code in the database. While the 

nutritional content may differ significantly across specific species of crab traded, our data base 

does not pick up on those differences. In fact, of the 187 unique commodity codes in our data 

set only 14 are attributed to crustaceans. A closer look reveals that there are only seven unique 

products. Half of the fourteen are listed as fresh and the identical second half is listed as frozen. 

Put simply, there are only five unique nutrient composition combinations included in our 

analysis which severely limits the regression analysis. Due to the low number of nutrient 

combinations the model omits three of the nutrient variables in the crustacean model to avoid 

perfect multicollinearity.  

 Despite the Invertebrate model’s (Figure 17a) much smaller sample size (N 232) the 

regression is significant (F 7.02, p-value < 0.0001) with higher explanatory (r-squared 0.1577) 

than the Crustacean model. The regression meets the assumptions of normality (Shapiro-

Francia p < 0.0001) homoscedasticity (Breusch-Pagan Cook-Weisberg p-value 0.3365) and 
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linearity (Figure 17b). As is the case in our other models, the nutrient variables in the 

Invertebrate model are highly correlated (Figure 17c) and the regression does not meet the 

assumption of multicollinearity. Due to the low number of unique nutrient composition 

combinations, the variables calories, protein, and iron were omitted from the model to avoid 

perfect multicollinearity. 

While each regression model yields unique insights, there are a number of shortcomings 

associated with each model.  Our all-inclusive seafood model (Figure 11) encompasses 4 distinct 

seafood markets for finfish, crustaceans, mollusks, and invertebrates making it difficult for the 

coefficients to pick up the precise effect of each variable. This concept was showcased when 

regressions were run for each specific market and nutrient variable coefficients consistently 

changed signs across models. Inclusion of selenium into the finfish model (Figure 13) 

significantly reduces the sample size, limiting the scope of inference. The CMI model (Figure 

14a) produces an interesting contrast to the finfish model demonstrating that the markets for 

crustaceans, mollusks and invertebrates are markedly different.  The crustacean (Figure 16a) 

mollusk (Figure 15a) and invertebrate (Figure 17a) models are characterized by a low number of 

unique nutrient composition combinations which leads to variable omissions and likely 

contributes to failure of regression assumptions.  The finfish model (Figure 12a) is by far our 

best model yielding results that are mostly keeping with our hypothesis.  With the exception of 

vitamin B-12, all nutrient variable coefficients were positive. Consistent across all models was 

the finding that importing nations development status was positively associated with seafood 

prices lending further support to the seafood trade deficit theory. 
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Discussion: 

Nutritional Flows and Development Status 

 The case study framework utilized for this research was affirmed in this dataset. For the 

six countries observed, each exhibited an export:import ratio in line with the initial 

assumptions, which stated that the United States and Mexico have ratios close to 1 (trade 

neutral), Japan and Brazil have ratios less than 1 (import-focused), and Norway and Namibia 

have ratios greater than 1 (export-focused) (Figure 5). This pattern was most clearly 

demonstrated in the quantities of seafood traded. Additionally, the breakdown of each record 

demonstrates that developing nations overall trade in a greater number of seafood 

commodities, but have a lower overall contribution to the total quantity traded compared to 

developed nations. This overall may be a reflection on the broad nature of the developing 

world compared to developed; these nations have a weaker overall economy, but often reside 

in geographies of high coastal biodiversity and species richness, such as in Mexico, Brazil and 

Namibia, which allows them to export a wide variety of seafood.  

 By value, these dynamics shift slightly, which may demonstrate the first signal of the 

seafood trade deficit in this analysis. Examining the United States and Japan, the quantity-based 

export:import ratio is roughly twice as large as the value-based ratio (Figure 5). This suggests 

these developed nations are importing higher-value seafood products than they are exporting, 

which is line with the seafood trade deficit hypothesis. Conversely, Mexico and Brazil, two 

developing nations, both exhibit higher value-based export:import ratios than quantity. This 

again fits the assumptions of the seafood trade deficit, as it implies these nations export higher-

value products than they import. To add to these, the broad analysis of trade flows calculated 
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in Figures 10a-e also support the seafood trade deficit. In examining the average dollar per kg 

of seafood traded, the cheapest products are those flowing into developing nations, while the 

most expensive products are imported into the developed world. 

The two nations that exhibit ratios counter to this hypothesis are Norway and Namibia 

(Figure 5). However, Norway’s trade dynamic of greater exports by value than quantity is likely 

reflective on its economy’s reliance on aquaculture, which exports high-value salmon around 

the world. Lastly, Namibia, the most export-dominant nation in our study, produced a quantity-

value trade relationship more reflective of a developed nation. However, this may be more of a 

reflection of the sheer volume of seafood leaving this nation, and how important seafood 

exports are to the economy as a whole. As a nation with a strong economic reliance on fishing, 

this relationship of greater relative quantity exported than value is likely attributed to the 

magnitude of the export industry, rather than a preference for importing higher-value product. 

In all, these broad trade dynamics do reflect many of the principles underlying the seafood 

trade deficit, which affirms many of the starting conditions for this study’s analysis.  

Continuing on this assumption that higher-value seafood products are flowing towards 

the developed world, the nutritional impacts of this dynamic can then be analyzed. Beginning 

with a broad examination of the concentration of various nutritional components per-kg of 

seafood traded, there are no conclusive patterns of where nutrient-dense seafood is most 

commonly exported to. Across the four potential trade flows (Figures 10b-e), per-kg nutrient 

density does shift slightly depending on the development status of the nation of export, but 

these trends were not pervasive across all seven nutrients of focus. For example, developed 

nations export seafood with higher average densities of fatty-acid, calories, protein, and Iron, 
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though this trend did not continue for the micronutrients Zinc, Selenium, and Vitamin B-12 

(Figures 10c&e). However, this only relates to exports of seafood; when considering the end-

receiver’s development status, there is no sustained trend of how per-kg nutrient density of a 

seafood import corresponds to a nation’s development. However, when examining nutritional 

flows from a per-dollar perspective, strong patterns emerge.  

Overall, when calculating broad nutritional flows from the global seafood trade using a 

per-dollar perspective, trade between developing nations stands out as the most nutrient-

efficient market (Figure 10b). Compared to the other three potential trade flows, the per-dollar 

nutrient density of a developing-to-developing seafood market is more than twice as high as 

imports to developed nations across each nutrient of focus (Figures 10d&e). However, this 

market also exhibits the lowest per-kg price of seafood, at $1.47 per kg. On the other end of 

this spectrum, exports from developing nations into developed states boast the highest average 

price per kg ($6.73), and has consistently low nutrient densities per-dollar-spent (Figure 10d). 

Trade between developed nations also occurs at a high average price ($5.06/kg), and has lower 

nutritional-efficiency compared to imports from developing nations (Figure 10e).  

At face value, this analysis suggests a scenario opposite to the initial hypothesis, where 

developing nations are trading nutritious seafood with each other, while the developed world 

trades in high value products, ignoring nutrition. However, at closer examination this conclusion 

may be flawed. These differences in nutritional content appear to relate only to the price paid, 

not the nutritional-density of the products themselves. Thus, trade between nations of similar 

development statuses may just be a product of these states seeking out seafood of a certain 

economic value, and potentially a certain quality and taste.  In other words, this high-level 
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analysis suggests there may be little difference in the actual per-kg nutritional benefit received 

across development-based trade flows.   

Despite these findings, this data does not still determine whether the nutrition of a 

seafood product is rationally internalized into its price, as there are a number of conflicting 

variables not being controlled for in these flows. For instance, these flows do not account for 

the types of seafood being traded nor the processing of these products. The development-level 

flows can help demonstrate the macro trends of how price and nutrition are internalized in the 

market, but fail to demonstrate how the nutritional profile of a single product is reflected in its 

price.  

Ultimately, these broad flows suggest that there are different markets and price-points 

for seafood depending on a nation’s trading partner. In other words, the marginal nutrient-

density per-dollar of a seafood product is related to whether a nation is trading with a partner 

that is in the same development status or not. This has potential implications for the global 

seafood trade. To explore this issue in more detail, we use a hedonic pricing model to estimate 

marginal implicit prices of different nutritional attributes of seafood.  

Hedonic Pricing Model Analysis 

At the first approach, a hedonic pricing model of this market did not confirm any part of 

the initial hypothesis, nor did any clear patterns emerge about the relationship between 

seafood nutrition and price. When all products’ prices are regressed against the nutritional 

components of focus, a complex model emerges (Figure 11). Controlling for the trade flow’s 

relationship to development status, some nutrients do exhibit statistically significant 

relationships correlations with price, however there is no clear pattern in terms of direction. 
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While rising levels of protein and Vitamin B-12 are associated with significantly negative 

changes in price, Iron and Zinc exhibit significantly positive relationships. Additionally, fatty-

acids, a component widely recognized as a benefit of seafood, retains no statistically significant 

relationship to price in this model.  

In all, this all suggests that the value of seafood products globally interacts with 

nutrition in way not fully captured by rational consumers maximizing utility from taste for 

seafood and nutritional content subject to a budget constraint. The nutritional benefit has no 

clear correlation to price holistically. However, dummy variables for products that are not 

finfish (mollusks, crustaceans, and invertebrates) all have significantly positive coefficients, 

indicating these items have a higher per-kg price than finfish overall. This last point suggests a 

potential finding that requires further analysis – that the global finfish market has a 

fundamentally different response to nutritional content that other seafood products. By 

splitting the hedonic pricing model out between these commodity sets, new details emerge 

about the nature of the global seafood trade.  

Before turning to the implications of the separate finfish and CMI product models, it’s 

important to consider other explanations for the differences between these product groups. 

Specifically, certain characteristics of fishery data collection and econometric analysis may also 

explain these opposing dynamics between finfish and CMI products. Firstly, the cost and 

potential asymmetry of fishery data may help explain some of these price characteristics. 

Collecting robust nutritional data for all seafood products, accounting for processing, is highly 

costly, notably in time-value terms. This may lead to some level of cost-cutting or efficiency 

strategies that reduces the over granularity. While these small discrepancies are unlikely to 
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radically shift the results, they may be significant enough to under- or over-value some of the 

nutritional differences observed. Secondly, the awareness of asymmetric information in the 

seafood market may also obscure our results. Seafood fraud is a phenomenon that is well-

documented, with awareness growing among consumers. This creates a layer of asymmetric 

information, where the market price may not reflect the true willingness to pay for certain 

products as they are described. Again, this issue is unlikely to radically obscure our results, but 

may again shift certain relationships between price and nutrition. Lastly, the concern of omitted 

variables bias is strongly present in this econometric model. Our models do not consider or 

include all potential variables that impact the price of a seafood product, and could therefore 

skew the results. This is most likely in our ‘all-product’ model, as it sacrifices layers of specificity 

regarding taxonomy in order to consider the full dataset. Again, these concerns must be 

internalized when interpreting the results, but they are notably diminished when we separate 

out our products between finfish and everything else.  

In an examination of the global trade of purely finfish products, much more evidence is 

provided to support the initial research hypothesis. Controlling for a finfish product’s processing 

method and trophic level, as well as a nation’s GDP per-capita (as a relative proxy for 

development), a hedonic pricing output demonstrates more direct relationships between 

increasing nutritional density and increasing price (Figure 12a). In all, the model produces 

significantly positive correlations between finfish price and concentration of protein, fatty acids, 

and zinc – three key nutritional contributions from seafood. However, this model was not fully 

in line with the initial hypothesis, as calories and Vitamin B-12 exhibit significantly negative 

relationships with price, and iron has no significant correlation at all.  
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However, this may not imply that there isn’t a logical price response to nutrition in this 

market, but rather that there may be nutrients being internalized into market pricing, while 

others are not. Protein and fatty acids are two nutritional components that are highly 

demanded in both developed and developing economies, and are also well-recognized as being 

core nutritional benefits of seafood, compared to micronutrients such as Zinc and Vitamin B-12, 

which may be a less transparent benefit of seafood consumption to consumers. This all 

indicates that the pricing of the global finfish market may be reacting rationally to the 

nutritional components that are most consumer-facing and recognized and beneficial from 

seafood, such as protein and omega-3 fatty acids. Combining this conclusion with the dynamics 

of the seafood trade deficit, this dynamic may be flowing important macro-nutrients out of 

developing nations. However, there’s less evidence to suggest that micro-nutrient deficiencies 

in the developing world are being reinforced by the global finfish trade, which is a positive 

outcome in terms of international development and seafood demand. While this hedonic 

pricing model helps to affirm the hypothesis of the economic value of a seafood’s nutritional 

profile, the world’s non-finfish seafood market exhibits fundamentally different dynamics, with 

different implications for population health and trade.  

When folding non-finfish products into this analysis, a hedonic pricing model of the 

nutrient composition for crustaceans, mollusks, and invertebrates (CMI) provides an important 

result that will inform future consideration of this research question. In short, separating finfish 

and CMI products into independent hedonic models produced more robust statistical outcomes 

(Figures 11, 12a, 14a). When split into two models using the same explanatory variables, both 

the finfish and CMI models produce a stronger statistical fit than when combined, which has 
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important implications for understanding the global seafood trade. This outcome suggests that, 

in terms of the relationship between price and nutritional benefit, these two product groups act 

independently of one another. In other words, conclusions drawn about the price response to 

nutrition in the finfish market should not be extrapolated to the CMI market, as they appear to 

generate more robust results when analyzed as unique commodities. Interestingly, this result 

proves important, was the hedonic pricing output of the CMI market shows fundamentally 

different associations between price and nutrition.   

While the finfish market at least partially aligns with this study’s initial hypothesis, a 

hedonic pricing output of the CMI market demonstrates relationships that run mostly counter 

to this dynamic. Overall, the CMI model is fairly robust, with every explanatory variable 

statistically significant at a 99% confidence level (Figure 14a). However, it’s the directionality of 

these relationships that provide evidence against the initial hypothesis, and provide interesting 

assertions about the nature of the global CMI market. Overall, the CMI model produced nearly 

the exact opposite directional results as the finfish model, with significantly negative 

relationships between price and protein, fatty acids, iron, and zinc. Alternatively, positive 

relationships with price were revealed for calories and Vitamin B-12 (Figure 14a).  

Based on this, it appears that the global CMI market is not incorporating the nutritional 

benefit of these products into its pricing. From the perspective of the seafood trade deficit, this 

could potentially be a positive outcome; as higher-value shellfish products make their way into 

developed markets, these products bring a proportionately lower concentration of nutrition. 

Conversely, lower-value CMI products are providing high-levels of nutritional benefit to the 

consumer, which is likely residing in less developed markets.  
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Lastly, it is critical to note the qualitative differences in the finfish and CMI markets, and 

how this may affect the corresponding model output. Broadly, the trophic level of a finfish is 

positively correlated with price (Figure 8). This means that as you move up the trophic ladder in 

the finfish market, the per-kg price increases with it. This relationship was easily accounted for 

in the finfish model, as the trophic level variable helps control for this positive correlation. 

However, a price-trophic level dynamic doesn’t exist in the CMI market for two reasons.  

Firstly, trophic level is not as logically mapped among CMI species. There is often less 

species interaction, and trophic levels are nebulous, at best. Secondly, consumer perception of 

product value is less closely aligned with trophic level in this market. Whereas consumers value 

large finfish like salmon, tuna, and cod, value for CMI products is more variable. For instance, 

sea urchin, an herbivorous invertebrate, is a highly-value commodity, along with American 

Lobster, a carnivorous crustacean. These market preferences are much harder to capture in a 

hedonic pricing model, and may help explain why prices in this market to not appear to 

increase with respect to nutrition. The perception of value behind each individual CMI product 

is likely driving much of the hedonic pricing result. In the end, this suggests that demand and 

supply for these goods are often oblivious to the nutritional outcomes, even if they may be 

helping to retain key nutrients in the world’s developing economies.  

Implications: 
Ultimately, this research helps indicate important dynamics about the global seafood 

trade as a whole. Firstly, when conducting price-based analyses that utilized species-level 

characteristics, it is not safe to assume that the market can be examined as a whole. As this 

research suggests, the market for finfish act in fundamentally different ways than the market 

for other seafood products, which can help inform future analyses of these goods. Additionally, 
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this analysis suggests that there are nutritional impacts of the global seafood trade, though the 

assumption that economic gain from the seafood trade equates to population-level nutritional 

loss is not greatly substantiated. That being said, there may be evidence to suggest world finfish 

prices are responding to macro-level nutritional benefits, which could impact developing 

nations’ abilities to secure dense sources of animal fat and protein. While this finding is 

important for understanding nutritional flows, it’s difficult to extend this finding to state that 

the consumers in these markets are actively seeking out nutrition from their seafood products, 

of if this is simply a co-benefit from other preferences, such as taste, culture, or accessibility.  

Looking forward, there are additional takeaways that are important in terms of 

interpreting these results and extending them to future work. An important consideration of 

this work is that a case-study approach was utilized. Not only does a six-nation framework 

approach reduce the robustness of these model results, it’s important to consider which 

countries these were, especially on the developed side of this analysis. While the United States 

has a massive global seafood trade network with relatively diverse preferences, Japan and 

Norway are relatively unique nations in the global seafood trade.  

On one end, Japan stands out for its disproportionately strong demand for high-end 

seafood. According to the FAO, Japan was the second-largest importer of seafood by value in 

2016, despite ranking 11th in total population (FAO, 2017). This demonstrates demand for 

luxury and high-end seafood products, and is an important consideration when interpreting the 

model output of this research. On top of this, Norway is a global leader in farmed salmon 

production, one of the world’s most sought-after aquaculture products. While this study does 

not delineate the impacts between farmed and wild-caught seafood, it’s important to note that 
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Norway, a highly-developed economy, is also a massive exporter of nutrient-dense seafood in 

this study. These issues are important to acknowledge, but ultimately each world nation has its 

own cultural relationship to seafood and consumption, so any case-study approach will contain 

biases in terms of the products and prices observed.  

This study combines components of the global seafood trade that had not yet been 

considered at this level, and demonstrates the need for further research and data to be 

compiled. As noted above, there are limitations to the case-study framework of this research. 

As such, it is important to expand this dataset to be from the perspective of all nations that 

participate in the global seafood trade. This will allow for a much more robust and complete 

analysis, free of concerns from nation-level seafood demand or production. Additionally, this 

study encompasses just one year of trade data. While we do not expect macro-level seafood 

demand to shift dramatically year-to-year, generating a panel analysis of this dataset would 

also bolster the findings. Lastly, this analysis helps expose just how complex and dynamic the 

global seafood trade is with respect to price, nutrition, and variation between species. While 

this research aimed to look at large-scale trends and flows of this market, it is necessary to 

examine how these inter-species dynamics influence the relationship between seafood price 

and nutritional benefit. This appears most critical in the CMI market, as our research helps 

expose the lack rationality between price, nutrition, and the demand for these seafood 

products globally.  
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Conclusion:  

 The global seafood trade is one of the largest food commodity supply chains, engaging 

nations across the development spectrum that import and export a range of products. Beneath 

the massive financial flows produced from this market, there are underlying flows of valuable 

nutrition. Seafood contains a range of beneficial macro- and micro-nutrients, many of which are 

critical for their role in combatting malnutrition in developing nations. With these assertions, 

this study sought to understand the economic and nutritional impacts of the seafood trade in 

tandem, with a focus on implications for nutritional security and international development. To 

approach these questions, a unique database was developed, which maps global seafood trade 

for six case-study nations by product for one trade-year, and affixes detailed nutritional data for 

each unit. Using a hedonic pricing model methodology, this research aimed to better 

understand the relationship between seafood price and nutritional benefit.  

Overall, this study approaches the untouched intersection of economics and nutrient-

based food security, and the findings demonstrate the unique characteristics of this market, as 

well as the critical need to explore this issue further. Firstly, this study does provide additional 

evidence to reinforce the seafood trade deficit hypothesis, where developing nations are 

exporting higher-value seafood than they import, and vice-versa. However, descriptive and 

hedonic pricing analysis suggests there is weaker support for the notion that this dynamic 

applies to nutrition. The hedonic suggests that there may be some nutritional deficit from 

seafood trade for developing nations in terms of access of finfish protein, fat, and zinc, but 

overall the pricing of the global seafood trade does not appear to be driven by nutritional 

benefit. However, a key finding from this study is the evidence supporting the sheer complexity 
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of the global seafood trade, and how this market may actually be operating as a collection of 

separate product flows.  

From a nation level, descriptive analysis suggests the pricing and trade dynamics of the 

seafood market shifts based on the development status of the participating nations. On top of 

this, hedonic results reveal that the global seafood trade is best understood when the finfish 

and crustacean-mollusk-invertebrate product groups are analyzed separately. These two 

markets have entirely different relationships between price and nutrition, and implies that 

these must be considered separate markets in nutrition-econometric modelling. Not only does 

this help inform the direction of future research in this space, but can also direct nation-level 

action for future seafood trade. Specifically, these results suggest that state-level decision-

making regarding seafood trade should more consciously incorporate nutritional impacts when 

weighing decisions of export, import, and consumption.  

Moving forward, this study demonstrates the need to continue this investigation. While 

multiple important dynamics about the global seafood trade are uncovered, this novel research 

design ultimately asks more questions than it answers. By expanding upon the case-study 

framework, considering a longer timeframe, and conducting more species-level analysis, even 

more can be discovered on how the global seafood trade impacts access to necessary nutrition, 

and by association, nation-level development.  
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Appendix: 

 
Country Export/Import 

Ratio 
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Namibia 17.838 

Brazil 0.051 

Mexico 0.400 

De
ve

lo
pe

d Norway 12.576 

Japan 0.200 

USA 0.438 
Figure 1: Export:import ratios of seafood products for case study nations of focus. Ratios were calculated using 

2005-2015 running average values from FAO Food Balance Sheet dataset. 
 

Dependent Variable Independent Numeric 
Variables 

 
 
 
 

Price ($) per kg 

Calories per kg 
Protein (g) per kg 

Fatty acids (g) per kg 
Iron (g) per kg 
Zinc (g) per kg 

Selenium (g) per kg 
Vitamin B-12 (g) per kg 

Trophic Level (2-5) 
GDP (USD) 

                       Figure 2: List of all numeric variables utilized in the regression modelling.  
 

Product Label Replacement Product Data Source 
Clams Venus Clams FAO 

Cold Water Shrimp Pandalus Shrimp FAO 
Cusk Haddock MEXT 

Halibut Pacific Halibut MEXT 
King Salmon Chinook Salmon MEXT 
Loligo Squid European Squid FAO 

Mackerel Atlantic Horse Mackerel FAO 
Mussel Mytilus Mussel FAO 

NSPF Catfish Wild Channel Catfish FAO 
NSPF Crab Blue Crab FAO 

NSPF Salmon Coho Salmon FAO 
NSPF Shrimp Common Shrimp FAO 
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NSPF Squid Inshore Squid FAO 
NSPF Trout Rainbow Trout FAO 
NSPF Tuna Skipjack Tuna MEXT 

Octopus Common Octopus FAO 
Oyster Cupped Oyster FAO 

Pacific Salmon Coho Salmon MEXT 
Perch Pacific Ocean Perch MEXT 
Plaice Pacific Halibut MEXT 

Sea Bass European Sea Bass FAO 
Shark Dogfish MEXT 

Snow Crab Tanner Crab FAO 
Turbot Atlantic Cod FAO 

Warm Water Shrimp Panaied Shrimp FAO 
Figure 3: All products without an available nutritional profile that received a single-product nutritional proxy. 

Replacements were determined using best-estimates and taxonomic similarity. 
 
 

Groupings used for Unspecified Seafood Nutritional Profiles 
Species Percentage of total within group 

Fish Unspecified – United States 
Pollock, Walleye 60.99% 

Cod, Pacific 12.88% 
Hake, Pacific 10.15% 

Sole, Yellowfin 5.26% 
Herring, Atlantic 2.51% 
Atka Mackerel 2.20% 

Pacific Ocean Perch 2.08% 
Sole, Rock 1.85% 

Flounder, Arrowtooth 1.13% 
Herring, Pacific 0.95% 

Groundfish Unspecified – United States 
Pollock, Walleye 66.27% 

Cod, Pacific 14.20% 
Hake, Pacific 6.77% 

Sole, Yellowfin 5.51% 
Pacific Ocean Perch 2.15% 

Sole, Rock 2.10% 
Flounder, Arrowtooth 1.25% 

Sablefish 0.72% 
Sole, Flathead 0.53% 
Halibut, Pacific 0.49% 

Flatfish Unspecified – United States 
Sole, Yellowfin 55.73% 

Sole, Rock 21.26% 
Flounder, Arrowtooth 12.62% 
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Sole, Flathead 5.40% 
Halibut, Pacific 4.99% 

Crustacean Unspecified – United States 
Crab, Blue 22.57% 

Lobster, American 20.86% 
Shrimp, Brown 16.76% 
Shrimp, Ocean 14.63% 
Shrimp, White 13.69% 

Crab, Snow 11.49% 
Mollusk Unspecified – United States 

Clam, Atlantic Surf 38.61% 
Oyster, Eastern 28.00% 

Scallop, Sea 33.39% 
Fish Unspecified - Mexico 

Catfish, South American 29.12% 
Demersal Percamorphs 16.28% 

Barracudas 12.28% 
Tuna, Yellowfin 12.28% 

Cyprinids 8.23% 
Pilchard, California 6.08% 

Oyster, American Cupped 5.53% 
Herring, Red-eye Round 5.32% 

Carp, Common 4.30% 
Fish Unspecified - Brazil 

Snooks 50.76% 
Tilapias 19.12% 

Cachama 11.72% 
Sardines, Scaled 8.20% 

Croaker, Whitemouth 3.44% 
Tambacu 2.55% 

Prochilods 2.36% 
Catfish, Laulao 1.86% 

Fish Unspecified - Namibia 
Pilchard, Southern African 42.70% 

Grenadiers 15.41% 
Marlins & Sailfishes 9.93% 

Snoek 9.35% 
Geryon, West African 7.05% 

Cods, Moray 6.58% 
Dentex, Large-eye 3.29% 
Freshwater Fishes 2.89% 
Crocodile Icefishes 2.80% 

Fish Unspecified - Norway 
Salmon, Atlantic 39.70% 

Whiting, Blue 14.90% 
Cod, Atlantic 12.86% 

Herring, Atlantic 9.53% 
Mackerel, Atlantic 7.37% 

Pollack 4.62% 
Capelin 3.71% 
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Lobster, Norway 3.71% 
Haddock 2.95% 

Redfish, Beaked 0.65% 
Fish Unspecified - Japan 

Flatfishes 34.09% 
Demersal percamorphs 22.39% 

Gadiformes 13.82% 
Tuna, Southern Bluefin 11.23% 

Herring, Pacific 6.92% 
Mackerel, Atlantic Chub 5.09% 
Whiting, Southern Blue 3.26% 

Butterfishes 3.19% 
Figure 4: Species used for nutritional profiles of unspecified product groups for country level trade flows. For each 

group, weighted average nutritional profiles were created using annual landings statistics.  
 
 

Gross Trade Flows of Seafood for Case Study Nations by Mass and Value, 2016 

Nation 
Total 

quantity 
traded (MT) 

Total quantity 
exported (MT) 

Total quantity 
imported (MT) 

Export:import 
ratio, by weight 

Total value 
traded 
($'000) 

Total value 
exported 
($'000) 

Total value 
imported 

($'000) 

Export:import 
ratio, by 

value 
United 
States 3,268,043 1,329,486 1,938,557 0.69 $20,525,529 $5,076,769 $15,448,760 0.33 
Japan 2,249,718 500,470 1,749,249 0.29 $11,541,630 $1,313,899 $10,227,731 0.13 
Norway 2,572,637 2,376,797 195,840 12.14 $9,262,950 $8,897,715 $365,234 24.36 
Mexico 324,443 119,006 205,437 0.58 $1,459,845 $896,314 $563,530 1.59 
Brazil 337,396 31,105 306,291 0.10 $1,307,461 $198,221 $1,109,240 0.18 
Namibia 868,532 847,875 20,657 41.05 $595,118 $560,244 $34,874 16.06 
Figure 5: Summary of gross seafood trade flows by quantity and value for six case-study nations. For all imports 
and exports, all products were summed together, both in terms of quantity and value traded. These values also 

provide export:import ratios to compare to those used to establish original case study framework.  
 
 

 

Variables Minimum Maximum Mean Median 
Standard 
Deviation Skewness Kurtosis 

Price g/kg 0.02 18372.69 15.16 7.09 182.07 94.49 9464.23 
Calories per kg 79.83 3420 636.58 517.32 481.73 1.65 6.51 
Protein g/kg 9.78 839 100.2 90.44 66.97 3.97 39.69 
Fatty acids g/kg 0.136 187.9 17.44 5.3 23.65 2.5 12.48 
Iron g/kg 0.00033 0.3195 0.00838 0.00369 0.03058 9.45 95.32 
Vitamin B-12 g/kg 0.0000018 0.00039 0.000031 0.000019 0.00005 4.98 31.78 
Zinc g/kg 0 0.0325 0.0056 0.004 0.0054 2.49 11.06 
Selenium g/kg 0 0.0013 0.00022 0.00018 0.0002 2.83 13.45 
GDP per capita 304.37 101446.8 34770.34 34567.75 22862.09 0.05 1.8 
Trophic Level 2 4.5 3.84 3.76 0.48 -1.25 6.56 
Figure 6: Descriptive statistics of all numeric variables applied to hedonic pricing model. Nutritional variables are 

defined in terms of grams of consumable nutrient per kg of total seafood traded. Results indicate positive skewness 
for all nutrient variables.   
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List of Developed Nations 
Country GDP per Capita Population 

Luxembourg 100738.6842 582,014 
Switzerland 79866.03187 8,373,338 

Macao SAR, China 74017.18471 612,167 
Norway 70890.03557 5,234,519 
Ireland 64100.42995 4,755,335 
Iceland 60529.92676 335,439 
Qatar 59324.33877 2,569,804 

United States 57588.53807 323,405,935 
Singapore 55243.13288 5,607,283 
Denmark 53578.75657 5,728,010 
Sweden 51844.76126 9,923,085 
Australia 49896.6811 24,210,809 

Greenland 48159.53471 56,186 
San Marino 47908.56141 33,203 
Netherlands 45637.88675 17,030,314 

Austria 44731.01086 8,736,668 
Hong Kong SAR, China 43737.04197 7,336,600 

Finland 43433.03222 5,495,303 
Canada 42348.94546 36,264,604 

Germany 42232.57421 82,348,669 
Belgium 41260.97755 11,331,422 

United Kingdom 40412.03362 65,595,565 
New Zealand 40331.9591 4,693,200 

Japan 38972.34064 126,994,511 
United Arab Emirates 38517.80039 9,269,612 

Andorra 37231.81567 77,281 
Israel 37180.84981 8,546,000 

France 36870.21913 66,859,768 
Guam 35562.56753 162,896 

Puerto Rico 30833.37247 3,406,520 
Italy 30668.98143 60,627,498 

Bahamas, The 30260.30591 391,232 
Korea, Rep. 27608.24743 51,245,707 

Kuwait 27368.28668 4,052,584 
Brunei Darussalam 26939.41805 423,196 

Spain 26616.7578 46,484,062 
Malta 24770.80657 455,356 
Cyprus 23541.48825 1,170,125 

Northern Mariana 
Islands 22572.37882 55,023 

Bahrain 22560.58127 1,425,171 
Slovenia 21650.21276 2,065,042 

Saudi Arabia 19982.08563 32,275,687 
Portugal 19871.71897 10,325,452 

Czech Republic 18483.71648 10,566,332 
Greece 17881.5267 10,775,971 
Estonia 17736.8027 1,315,790 

St. Kitts and Nevis 16596.82657 54,821 
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Slovak Republic 16529.54097 5,430,798 
Trinidad and Tobago 16352.10973 1,364,962 

Barbados 15891.62655 284,996 
Uruguay 15298.35089 3,444,006 

Oman 15102.38231 4,424,762 
Seychelles 15060.99099 94,677 
Lithuania 14912.68654 2,868,231 

Antigua and Barbuda 14462.17628 100,963 
Panama 14332.97248 4,034,119 

Palau 14077.09622 21,503 
Latvia 14070.42265 1,959,537 
Chile 13960.89421 17,909,754 

Hungary 12820.0882 9,814,023 
Argentina 12654.355 43,847,430 

Poland 12415.04329 37,970,087 
Croatia 12298.57035 4,174,349 

American Samoa 11834.74523 55,599 
Costa Rica 11732.71055 4,857,274 

Turkey 10862.72538 79,512,426 
Maldives 9871.906911 427,756 
Grenada 9841.76405 107,317 
Mauritius 9681.618567 1,263,473 
Romania 9532.167174 19,702,332 
Malaysia 9508.23775 31,187,265 
St. Lucia 9364.821525 178,015 

Equatorial Guinea 9217.889528 1,221,490 
Russian Federation 8748.368853 144,342,396 

Figure 7: List of developed nations using internal definition process, where nations constituting top 20% of global 
population ranked by GDP per capita are considered developed.  

 
Correlation (pairwise deletion) 

 Price 
Kilo 

calories Protein 
Fatty 
acids Iron 

Vitamin 
B-12 Zinc Selenium 

Trophic 
Level 

Price 1         
Kilo 

calories 0.0053 1        
Protein -0.0052 0.8311 1       

Fatty 
acids 0.0101 0.8306 0.4125 1      
Iron 0.0045 0.2667 0.2724 0.1357 1     

Vitamin 
B-12 0.0097 0.4665 0.2731 0.3956 0.7374 1    
Zinc 0.0241 0.3444 0.3868 0.1157 0.5492 0.6804 1   

Selenium 0.0443 0.5791 0.5224 0.4288 -0.0952 0.2957 0.2583 1  
Trophic 

Level 0.0133 0.1185 0.1347 0.0538 -0.0151 -0.0284 
-

0.0128 0.349 1 
Figure 8: Correlation coefficients of numeric variables, excluding GDP per-capita. Results indicate nearly constant 

positive correlations between variables. 
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Exports Finfish Crustacean Mollusk 
Marine 

Invertebrate Total 
Namibia 283 25 33 2 343 

Brazil 114 29 3 1 147 
Mexico 212 49 77 19 357 
Norway 1531 150 77 4 1762 
Japan 565 86 148 41 840 
USA 1929 522 349 48 2848 
Total 4634 861 687 115 6297 

Developing 2380 435 343 50 3208 
Developed 2254 426 344 65 3089 

Figure 9a: Item-level count of seafood trade exports by partner and product characteristic. Finfish are the dominant 
product category by variety. Across all nations, there is a relatively equal split of products exported by developed 

and developing nations, though the developed case-study nations far exceed the developing.  
 

Imports Finfish Crustacean Mollusk 
Marine 

Invertebrate Total 
Namibia 152 13 24 2 191 

Brazil 160 4 22 11 197 
Mexico 236 46 56 6 344 
Norway 477 109 126 20 732 
Japan 836 133 134 48 1151 
USA 1531 262 197 59 2049 
Total 3392 567 559 146 4664 

Developing 1927 330 289 90 2636 
Developed 1465 237 270 56 2028 

Figure 9b: Item-level count of seafood trade imports by partner and product characteristic. Finfish are the dominant 
product category by variety. Across all nations, developing nations import a slightly greater product variety, though 

the developed case-study nations far exceed the developing.  
 

 
Figure 10a: Per-unit flow table of seafood trade amongst all nations. Flows are broken down by nutrient, and 

reflected as either nutrient density per-kg, and nutritional value per-dollar.  
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Figure 10b: Per-unit flow table of seafood trade between developing nations. Flows are broken down by nutrient, 
and reflected as either nutrient density per-kg, and nutritional value per-dollar. Trades in this category boast the 

lowest price per-kg, along with the highest nutritional density per-dollar. 
 

 
Figure 10c: Per-unit flow table of seafood traded from developed nations to developing nations. Flows are broken 
down by nutrient, and reflected as either nutrient density per-kg, and nutritional value per-dollar. As developing 

nations are the end-receiver, price per-kg is low, and nutritional value per-dollar is high.  
 

 
Figure 10d: Per-unit flow table of seafood traded from developing nations to developed. Flows are broken down by 

nutrient, and reflected as either nutrient density per-kg, and nutritional value per-dollar. This flow boasts the 
highest price per-kg, with the lowest nutritional value per-dollar, and relatively low nutritional densities per-kg. 
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Figure 10e: Per-unit flow table of seafood trade between developed nations. Flows are broken down by nutrient, 
and reflected as either nutrient density per-kg, and nutritional value per-dollar. This flow has the second highest 

price per-kg traded, along with low nutritional values per-dollar.  
 

 
Figure 11: Hedonic pricing model incorporating all products in database. Model regresses natural log of price per-kg 

seafood traded against natural log of nutritional concentration, and controls for development-status and product 
taxonomy. Due to unmet statistical assumptions, this model is not analyzed for hedonic pricing relationships. 

 

Source: Sum of Squares Degrees of Freedom Mean Squares 10,235.00  
Model 2,282.51          12.00                       190.21           195.46
Residual 9,947.15          10,222.00                0.97               0.0000
Total 12,229.66        10,234.00                1.20               0.1866

0.1857
0.9865

Coefficient Standard Error t P > |t|
0.0913 0.0626 1.46 0.145 -0.0316 0.2141
0.1307 0.0488 -2.68 0.007 -0.2270 -0.0349

-0.0054 0.0137 -0.4 0.692 -0.0322 0.0214
0.0600 0.0157 3.81 0.000 0.0291 0.0908

-0.2247 0.0187 -12 0.000 -0.2613 -0.188
0.2436 0.0279 8.74 0.000 0.1890 0.2983
0.9400 0.0379 24.83 0.000 0.8658 1.0142
0.6717 0.0392 17.14 0.000 0.5949 0.7485
0.8217 0.0401 20.51 0.000 0.7432 0.9003
0.1908 0.0573 3.33 0.001 0.0784 0.3032
1.1620 0.0822 14.13 0.000 1.0007 1.3231
0.6778 0.0624 10.86 0.000 0.5554 0.8002
0.3195 0.3157 1.01 0.312 -0.2993 0.9383

R-squared
P > F
F(12, 10222)
N

Mollusk
Developing-to-Developed

Crustacean
_cons

95% Confidence Interval

Root mean-squared-error
Adj. R-squared

ln(g iron per kg)
ln(g fatty acid per kg)

ln(g protein per kg)
ln(kcals per kg)
ln(price per kg)

Invertebrate

Developed-to-Developing
Developed-to-Developed

ln(g zinc per kg)
ln(g vitamin B12 per kg)
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Figure 12a: Hedonic pricing model of all finfish products. Model regresses natural log of price per-kg finfish traded 

against natural log of nutritional concentration, and controls for product, taxonomic, and developmental 
characteristics. This model meets statistical assumptions, and demonstrates significant, positive associations 

between price and protein, fat, and zinc content. 
 

 
Figure 12b: Residual vs. fitted plot of finfish hedonic pricing model. Randomly scattered points above and below 

zero on the residual axis confirms the assumption of heteroscedasticity.  
 

Source: Sum of Squares Degrees of Freedom Mean Squares 7,675.00    
Model 1,609.44          14                            114.96           134.19
Residual 6,562.47          7,660                       0.86               0.0000
Total 8,171.91          7,674                       1.06               0.1969

0.1955
0.9256

Coefficient Standard Error t P > |t|

-0.3119 0.066 -4.72 0.000 -0.4414 -0.1825
0.2205 0.0562 3.93 0.000 0.1104 0.3306
0.0665 0.0144 4.63 0.000 0.0383 0.0946
0.0284 0.0173 1.64 0.101 -0.0055 0.0623

-0.3268 0.0233 -14.01 0.000 -0.3725 -0.2811
0.4721 0.0367 12.87 0.000 0.4002 0.544
0.4771 0.0252 18.94 0.000 0.4277 0.5265
0.4229 0.0408 10.36 0.000 0.3429 0.5029
1.1801 0.1033 11.42 0.000 0.9776 1.3826
0.6821 0.1106 6.16 0.000 0.4652 0.899
0.3355 0.147 2.28 0.022 0.0474 0.6237
0.9564 0.0566 16.94 0.000 0.8459 1.0671

0.189 0.0097 19.57 0.000 0.1701 0.208
0.914 0.0816 11.2 0.000 0.7540 1.0741

-1.3665 0.3917 -3.49 0.000 -2.1344 -0.5986

Flours/Meals/Pellets
Smoked

ln(GDP per capita)
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ln(trophic level)

ln(g vitamin B12 per kg)
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Figure 12c: Histogram distribution of residuals for finfish hedonic pricing model. Normal distribution around zero 

confirms assumption of normal distribution of variance.  
 

 
Figure 12d: Skewness and Kurtosis test output for all variables in finfish hedonic pricing model. Based on these 

results, the dependent variable (natural-logged price per-kg) is skewed at a 95% confidence interval, while natural-
logged grams Vitamin B-12 per-kg exhibits Kurtosis at a 95% confidence interval.  
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Variable N P(skewness) P(kurtosis)
ln(price per kg) 8001 0.0826 0.0000
ln(kcals per kg) 8001 0.0000 0.0000
ln(g protein per kg) 8001 0.0000 0.0000
ln(g fatty acid per kg) 8001 0.0000 0.0000
ln(g iron per kg) 8001 0.0000 0.0000
ln(g vitamin B12 per kg) 8001 0.0000 0.8335
ln(g zinc per kg) 8001 0.0000 0.0000
Fresh 8026 0.0000 0.0000
Dried 8026 0.0000 0.0000
Live 8026 0.0000 0.0000
Offal 8026 0.0000 0.0000
Flours/Meals/Pellets 8026 0.0000 0.0000
Smoked 8026 0.0000 0.0000
ln(GDP per capita) 7698 0.0000 0.0000
ln(trophic level) 8026 0.0000 0.0000
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Figure 12e: Variance inflation factor of independent variables in finfish hedonic pricing model. VIF scores above 10 
for calories, protein, and Zinc suggest the assumption of no multicollinearity between these variables is not met.  

 

 
Figure 13: Hedonic pricing model of all finfish products, with independent Selenium variable included. Model 

regresses natural log of price per-kg finfish traded against natural log of nutritional concentration, and controls for 
product, taxonomic, and developmental characteristics. Given the large volume of missing data-points for 
Selenium, along with non-significant coefficient on Selenium, this model is omitted from hedonic analysis. 

Variable VIF
ln(kcals per kg) 40.1
ln(g protein per kg) 22.33
ln(g zinc per kg) 13.34
ln(g vitamin B12 per kg) 7.79
ln(g fatty acids per kg) 6.08
ln(g iron per kg) 4.85
Offal 1.44
ln(trophic level) 1.2
Smoked 1.15
Dried 1.14
Fresh 1.12
ln(GDP per capita) 1.05
Live 1.05
Flours/meals/pellets 1.03
Mean VIF 7.41

Source: Sum of Squares Degrees of Freedom Mean Squares 3,032          
Model 1,061.69          12                            88.47             12991
Residual 2,027.00          3,019                       0.69               0.0000
Total 3,133.70          3,031                       1.03               0.3388

0.3362
0.8285

Coefficient Standard Error t P > |t|

1.01 0.1837 5.5 0.000 0.6500 1.3702
-0.7441 0.141 -5.28 0.000 -1.0206 -0.4676
-0.2008 0.0328 -6.13 0.000 -0.2650 -0.1365
0.5665 0.039 14.54 0.000 0.4902 0.6429

-0.8903 0.0435 -20.48 0.000 -0.9756 -0.8051
0.5617 0.0545 10.3 0.000 0.4548 0.6687

-0.0062 0.042 -0.15 0.883 -0.0885 0.0761
0.6118 0.0338 18.08 0.000 0.5455 0.6782

0 (omitted)
0.4254 0.2962 1.44 0.151 -0.1553 1.0061

0 (omitted)
0 (omitted)

1.8507 0.1267 14.6 0.000 1.6022 2.0992
0.1565 0.0143 10.96 0.000 0.1285 0.1845

1.361 0.1053 12.93 0.000 1.1546 1.5674
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Figure 14a: Hedonic pricing model of all crustacean, mollusk, and invertebrate (CMI) products. Model regresses 

natural log of price per-kg CMI traded against natural log of nutritional concentration, and controls for taxonomic, 
and developmental characteristics. This model meets statistical assumptions, and demonstrates nearly reverse 

associations between nutrient content and price compared to the finfish model (Figure 12a). 
 

 
Figure 14b: Histogram distribution of residuals for CMI hedonic pricing model. Although the residuals demonstrate 

a quasi-normal distribution, it still fails the Shapiro-Francis test with negative skewness, and therefore fails the 
assumption of heteroscedasticity.  

 

Source: Sum of Squares Degrees of Freedom Mean Squares 2,234          
Model 753.87             11                            68.53             80.4
Residual 1,894.10          2,222                       0.85               0.0000
Total 2,647.96          2,233                       1.19               0.2847

0.2812
0.9233

Coefficient Standard Error t P > |t|

5.3004 0.933 5.68 0.000 3.4709 7.13
-3.3517 0.6064 -5.53 0.000 -4.5409 -2.1624

-1.378 0.2956 -4.66 0.000 -1.9577 -0.7984
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0.3562 0.0843 4.22 0.000 0.1908 0.5215
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Figure 15a: Hedonic pricing model of all crustacean products. Model regresses natural log of price per-kg 

crustacean traded against natural log of nutritional concentration, and controls for developmental characteristics. 
Due to low number of nutritional profiles utilized for crustacean, this model suffers from multicollinearity, and is 

omitted from further analysis.  
 

 
Figure 15b: Variance inflation factor of independent variables in crustacean hedonic pricing model. VIF scores 

remain below 10 for all nutrients indicating that the assumption of no multicollinearity between these variables is 
met. 

 

Source: Sum of Squares Degrees of Freedom Mean Squares 910             
Model 65.24               6                              10.87             18.26
Residual 537.68             903                          0.60               0.0000
Total 602.92             909                          0.66               0.1082

0.1023
0.7717

Coefficient Standard Error t P > |t|

0 (omitted)
0.278 0.0857 3.24 0.001 0.1098 0.4461

0 (omitted)
-0.229 0.1051 -2.18 0.030 -0.4353 -0.0228

-0.2036 0.0885 -2.3 0.022 -0.3772 -0.03
0 (omitted)

0.3521 0.1267 2.78 0.006 0.1034 0.6008
0.2787 0.1294 2.15 0.032 0.0247 0.5327
0.1448 0.1326 1.09 0.275 -0.1156 0.4051

-2.6263 0.559 -4.7 0.000 -3.7234 -1.5293_cons

ln(g vitamin B12 per kg)
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R-squared

Adj. R-squared

Root mean-squared-error

Variable VIF
Developed-to-Developed 6.05
Developed-to-Developing 5.4
Developing-to-Developed 4.51
ln(g iron per kg) 3.26
ln(g vitamin B12 per kg) 2.24
ln(g fatty acids per kg) 2.12
Mean VIF 3.93
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Figure 16a: Hedonic pricing model of all mollusk products. Model regresses natural log of price per-kg mollusk 

traded against natural log of nutritional concentration, and controls for developmental characteristics. Although 
the model produces strong explanatory power and meets assumption of heteroscedasticity, the model fails 
assumptions of normal distribution of variance and multicollinearity, and is omitted from further analysis.  

 
 

 
Figure 16b: Variance inflation factor of independent variables in mollusk hedonic pricing model. VIF scores above 10 
for calories, protein, fatty acids, vitamin B-12, Iron, and Zinc strongly suggest the assumption of no multicollinearity 

between these variables is not met. 
 

Source: Sum of Squares Degrees of Freedom Mean Squares 1,092          

Model 426.16             9                              47.35             59.98

Residual 868.66             1,082                       0.80               0.0000

Total 1,294.81          1,091                       1.19               0.3291

0.3235

0.896

Coefficient Standard Error t P > |t|

44.8502 3.62 12.39 0.000 37.7473 51.9532

-27.3621 2.2126 -12.37 0.000 -31.7037 -23.0206

-17.3893 1.428 -12.18 0.000 -20.1912 -14.5874

-2.9512 0.2483 -11.88 0.000 -3.4385 -2.464

3.655 0.3079 11.87 0.000 3.0509 4.2592

2.4006 0.2432 9.87 0.000 1.9233 2.8779

0.5667 0.1001 5.66 0.000 0.3703 0.7631

0.3701 0.1044 3.54 0.000 0.1652 0.575

0.1889 0.1089 1.74 0.083 -0.0247 0.4025

-85.793 6.7627 -12.69 0.000 -99.0626 -72.5235
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R-squared

Adj. R-squared
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Variable VIF
ln(kcals per kg) 5164.71
ln(g protein per kg) 2062.75
ln(g fatty acids per kg) 1064.61
ln(g vitamin B12 per kg) 77.53
ln(g iron per kg) 29.84
ln(g zinc per kg) 23.76
Developed-to-Developed 3.33
Developed-to-Developing 2.96
Developing-to-Developed 2.66
Mean VIF 936.9
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Figure 17a: Hedonic pricing model of all invertebrate products. Model regresses natural log of price per-kg 

invertebrate traded against natural log of nutritional concentration, and controls for developmental characteristics. 
Due to low number of observation and nutritional profiles utilized for invertebrates, this model suffers from 

multicollinearity, and is omitted from further analysis.  
 

 
Figure 17b: Residual vs. fitted plot of finfish hedonic pricing model. Despite low number of observations, randomly 

scattered points above and below zero on the residual axis confirms the assumption of heteroscedasticity.  
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Figure 17c: Variance inflation factor of independent variables in invertebrate hedonic pricing model. VIF scores 

above 10 for fatty acids, vitamin B-12, and Zinc strongly suggest that the assumption of no multicollinearity 
between these variables is not met. 

 

 
Figure 18: Average seafood price per-kg based on trade direction, in relation to development status of export and 

import nations. As expected, products flowing to developing nations exhibit the lowest price per-kg, while products 
flowing to developed nations boast the highest prices. 
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Figure 19: Average nutrient concentration sorted by trade direction, in relation to development status of export and 

import nations.  

 
Figure 20: Average grams of nutrient per dollar of seafood traded. Columns are sorted by trade direction, in relation 

to development status of export and import nations. As expected, trade among developing nations exhibits the 
highest grams of given nutrient per USD across all nutrients. 
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Figure 21: Histogram distribution of price per-kg traded of all seafood products in database. Chart demonstrates a 

highly positively skewed distribution of variable, suggesting a natural-log transformation may normalize these 
data.  

 

 
Figure 22: Histogram distribution of natural-logged price per-kg traded of al seafood products in database. Visually 

normal distribution near zero confirms used of natural-log transformation for hedonic pricing model.  
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Figure 23: Scatterplot of country-level average price per-kg traded seafood vs. importing country gross domestic 
production per capita. Scatter pattern and fitted regression line indicate a positive relationship between seafood 

price and the development status of the importing country. 
 

 
Figure 24: Review of seafood health and nutrition literature. The shade of green displays the relative prevalence of 

the nutrient mentioned in the literature. 
 

 

0
20

40
60

Pr
ic

e 
pe

r K
ilo

gr
am

0 20000 40000 60000 80000 100000
GDP

Fitted values avgprice

Scatter of Price per Kilogram of Seafood Imported by GDP per Capita



 72 

 

 
Figure 25: Hedonic pricing models 1-7 displayed in matrix format. Regression models numbered in the same order 

as presented in this paper. 
Model 1 Hedonic pricing model incorporating all products in database. 

Model 2 Hedonic pricing model of all finfish products. 
Model 3 Hedonic pricing model of all finfish products, with independent Selenium variable included. 

Model 4 Hedonic pricing model of all crustacean, mollusk, and invertebrate (CMI) products. 
Model 5 Hedonic pricing model of all crustacean products. 

Model 6 Hedonic pricing model of all mollusk products. 
Model 7 Hedonic pricing model of all invertebrate products. 
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