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1.0 Introduction 
 

About 71% of earth is covered in water and 96.5% of this water is held by the oceans. (USGS, 

2019). However, according to the United Nations Food and Agriculture Organization (FAO) 

estimates that only about 2% of this production comes from the oceans. (OECD, 2016) 

As the global population grows food security is becoming an increasing challenge. The world 

population is expected to rise from 7.4 billion in 2016 to 8.1 billion in 2025 (OECD, 2016). This 

means that global food security will present challenges to satiate world population demand for 

protein.  

Marine Harvest states that salmon is the most protein resource efficient biological produce. 

(Harvest, 2018). Protein resource efficient means how much animal food protein is produced from 

every unit feed protein fed to the animal. Salmon has a protein retention of 31% which makes it 

the most sustainable and efficient when compared to other food produce such as pork (18%), 

poultry (21%) and beef/cattle (15%) (Harvest, 2018). It also has the carbon footprint comparable 

to chicken. For every 2.9Kg of edible product per Kg CO2, making it far more efficient than pork 

and beef (Cermaq, 2012).This brings us to the importance of studying aquaculture.  

Aquaculture is an important sector in Norway. Norway being the worlds largest producer of 

farmed salmon with a harvest size of 1.25 million tonnes in 2015 (Tridge, 2019) makes salmon 

farming not only an attractive investment sector for the government, policy makers and investors 

but also within and beyond in family owned farms and public corporations that operate in the 

aquaculture industry in Norway.  

While there has been significant amount of research on aquaculture production and the 

development (Asche, et al., 2013), (Asche, Tveterås, & Roll, Future Trends in Aquaculture: 

Productivity Growth and Increased Production Chapter 9, 2008) of this industry over time there 

is little attention paid to studying the impact of the aquaculture value chains in Norway. The aim 

of this study is to conduct an aquaculture profitability analysis of the Norwegian Aquaculture 

companies and to understand how profitability depends upon time, sector, and economic regions 

within Norway.  
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We believe this type of analysis of determinants of profitability on time, sector and region through 

econometric testing will allow us to understand which sectors are most profitable as well as which 

counties in Norway provided the highest returns over the period analyzed. In addition to the above 

our analysis will present how profitability fluctuates over time. Through this analysis we hope 

that the reader will get a better understanding of how profitability depended on these three 

dimensions for the Norwegian aquaculture industry.  

This thesis is divided into eight sections. An introduction that defines the problem statement and 

the main research question we have attempted to investigate followed by a description of the 

salmon production value chain. To understand how the research question is dependent on time, 

sector, and region it is important to first understand the salmon industry and the production value 

chain. Next in section 3 we share the economic measures we used to test against our hypotheses. 

Part 4 of the report will shed light on the economic models constructed to test the validity against 

our research question. Followed by section 5 which sheds light on the descriptive analysis of the 

data set we used, and the methods used to conduct our statistical analysis of firm return on assets 

and operating margins. In this section we also share analysis regarding the breakup of sectors and 

answers such as count of firms by county and sector are addressed.  

Section 6 presents the results of our regressions and section 7 will deal with an investigation into 

the within and between variability of firm’s economic returns. Within and between variability 

analysis of firms provides further insights into how profitability is affected across the different 

aquaculture sectors that make up marine and freshwater aquaculture value chains. Furthermore, 

section 8 provides conclusions of our analysis and further areas of research to as an extension to 

this endeavor.  

List of Abbreviations 

The following table provides the list of abbreviations used throughout the report to denote 

aquaculture sectors and economic measures used.  

Abbreviation Full Form 
03.211 Production of fish and shellfish in sea and coastal fish farming in marine and coastal 

aquaculture 
03.212 Production of fry and fry in sea and coastal fish farming 
03.213 Services related to sea and coastal fish farming 
03.221 Production of fish and shellfish in freshwater fish farming 
03.222 Production of fry and fry in freshwater fish farming 
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03.223 Services related to freshwater fish farming 
ROT Return on Total Assets 
OpsMargin Operating Margin 

 

 

2.0 The Aquaculture Value Chain  
 

Aquaculture industry is divided into six sectors that represent the value chain of aquaculture from 

the start to the end product. The end product in aquaculture is the finished product, which is 

primarily salmon, however, this end product comes through a series of stages of the production 

cycle. The various stages of the value chain include broodstock (spawn and eggs), smoltification, 

edible fish, fish processing, trade, export and suppliers of technical services.  

When we talk about aquaculture it is also important to distinguish between freshwater aquaculture 

and seawater or marine aquaculture. Although they belong to the same industry, they our often 

different in the very nature and the biological environment that affects each of them. The 

aquaculture value chain in Norway as per by the Directorate of Fisheries has created three sectors 

that indicate firms operating in marine aquaculture, while the remainder of the three are for 

freshwater aquaculture producers in Norway. The different sectors within the Norwegian 

aquaculture industry are described below. For the purposes of our study our econometric analysis 

of profitability will cover all the following sectors. The descriptions of the Nace Sector Codes 

taken as per Statistics Norway are below. 

 

03.211 Production of fish and shellfish in sea and coastal fish farming in marine and coastal 

aquaculture. 

Includes commercial production of aquatic organisms in sea or coast, with a view to  slaughter 

for human consumption  Includes sea cattle: farming of crustaceans,  molluscs and echinoderms 

in the form of bottom culture without  that the animals are held in captivity 

 

03.212 Production of fry and fry in sea and coastal fish farming   
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Includes production of roe, fry or smolt in sea or coast produced with a view to transfer to other 

locations and services related to marine and coastal aquaculture 

 

03.213 Services related to sea and coastal fish farming  

Processing and preservation of fish, shellfish and molluscs Production of ready-to-feed feed for 

domestic animals including concentrated feed and feed supplements and unmixed feed for 

domestic animals. Production of feed materials for livestock. livestock fine-tuning yarns and nets 

operated as independent activities are grouped under 33.19. Repair of other equipment 

 

03.221 Production of fish and shellfish in freshwater fish farming 

Includes freshwater-based fish farming inclusive of freshwater fish farming, freshwater 

crustaceans, bivalve freshwater molluscs and other freshwater molluscs and freshwater animals 

 

03.222 Production of fry and fry in freshwater fish farming  

Includes production of roe, fry or smolt in sea or coastal aquaculture produced with a view to 

transfer to other locations and services in freshwater aquaculture 

 

03.223 Services affiliated freshwater fish farming 

Fish processing of crustaceans, crustaceans and molluscs. Production of ready-to-feed feed for 

domestic animals including concentrated feed and feed supplements and unmixed feed for 

domestic animals. Production of feed materials for livestock.  

The following table presents the short names that we have used in this report to denote the 

different sectors: 
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2.1 Farmed Atlantic Salmon Production Value Chain  
 

The aquaculture value chain has several stages. To understand the reason for our econometric 

analysis it will be beneficial for the reader to get an overview of the various stages of the 

aquaculture business cycle. The following diagram depicts the aquaculture value chains for 

Atlantic salmon production cycle. The NACE sector codes explained above related directly form 

stages of the production cycle.  

 

Figure 1: Atlantic Salmon Production Value Chain  

 

Source: The Atlantic Salmon Life/Production cycle. “Salmon Farming Industry Handbook 2016, Marine Harvest 
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As depicted above in the diagram, the initial phase is that of the broodstock where the eggs are 

stripped from the female species fertilized and then transported to a hatchery. This hatchery is 

stage 1 of the process in the diagram above. This is the most delicate part of the value chain. This 

stage can be related to the likes of an incubation phase. It takes approx. a period between one to 

two months in which the larvae are hatched from the eggs. This yolk sack larvae are called fry. 

Fry feed on the yolk for the first few weeks after which they are put on a starter diet when they 

are about a month old. This is the most delicate stage of the entire life cycle process. In Norway, 

significant technological improvements have created a very successful survival rate of more than 

70%, whereas the rest of the world averages with a survival rate of less than 0.5% (Bjørndal, 

2011).  

At stage 2 the fingerlings are transferred to freshwater ponds that are created at salmon farms for 

the smoltification process to take place. Smoltification process is the stage of the production cycle 

where fish is grown in freshwater tanks where it slowly matures to adapt to saltwater conditions. 

The smoltification process in Atlantic salmon takes around 16 months from the time they are 

hatched. At the end of the smoltification period the Atlantic salmon weights about 70-140g. At 

this stage, the smolt are ready to be transported to saltwater grow out ponds along the Norwegian 

coastline in designated licensed areas provided to fish farmers by the Norwegian Fisheries 

Directorate. These first two stages of the production process correspond to NACE code 03.212 

and 03.222, the production of fry in sea water and fresh water.  

The grow out phase or stage 3 takes a period of 12 to 18 months after which the salmon weigh 

anywhere between 2 to 8kg (Bjørndal, 2011). The reported variation in weight varies from one 

source to other. Other sources such as (Young, 2017) report that this weight can be anywhere 

between 4 to 5 kilos. Stage 3&4 in Figure:1 correspond to 03.211 and 03.221 known as the 

production of fish and shellfish in sea and fresh water aquaculture.  

After the grow out phase the Salmon are transported to processing center’s where they are cleaned 

and slaughtered and finally packaged and distributed to food retailers. These last two stages of 

the production cycle pertain to the services sectors within aquaculture. Services sectors in both 

fresh and sea water fish species pertain to NACE codes 03.213 and 03.223 and named as Services 

related to coastal or marine, and/or freshwater aquaculture sectors. 
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Furthermore, the following Fig1.1 is a visual depiction of the Salmon life cycle and its physical 

attributes at the stages described in Fig1.  

Figure 1.1 

 

Source: www.bestfishes.org.uk  

Salmon Farming has been a fast and steady growing industry in Norway. What makes this such a 

fast-growing industry is dependent on its profitability. Profitability is one of the most important 

factors that drives capital and investments into the industry. Investor confidence increases when 

the companies they invest in give healthy Returns on Investment (ROI). Therefore, in the primary 

focus of our research has been to investigate the profitability across the Aquaculture value chain. 

As explained above based on the NACE sector definitions extracted from the Fisheries 

Directorate, we further investigate how the profitability of each firm is affected based on panel 

data regression of financial data collected over a period from FY2007 till FY2017.  
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2.2 Salmon Price Development and Production Growth in Norway 
 

Figure 2.1 

 

 

 

The graph above is a consolidated picture of the growth in the exports of Salmon over time in 

Norway. The period captured covers weekly export sales data by weightage (tonnes) from FY00 

until week 24 in FY19. Therefore, this is the most current and updated data available to 

substantiate the evidence that salmon exports and production has seen an upward trend.  

The data shows week 1, FY00, total export amount by commodity. There are two commodities 

in the exports of salmon, fresh or chilled and frozen categories are available. The demand and 

production of fresh or chilled category however far outweighs the demand and therefore the 

corresponding supply of the other. Combining both commodities, the total exports in week 1 of 

FY00 amounted to 4111 tons whereas at the close of week 24, FY19 the total export stands at 

15962 tons. The production peaked in week 50, FY17 and reached 25167 tons.  
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Figure 2.2 

 

 

Fig 2.2 above shows the corresponding price movements of both fresh or chilled and frozen 

salmon products over the same period shown in Figure 2.1. Figure 2.2 shows a general upward 

trend of the price of salmon in NOK per kilo. Fresh or frozen commodity peaked in FY17 week 

03 when it reached NOK76.09 per Kg and the frozen category peaked in FY16 week 47 when it 

reached NOK72.91 per Kg. At T=0 which is week 1, FY00 the price for fresh and frozen salmon 

export was NOK30.98 and NOK 32.54 respectively, however at the close of week 24, FY19 the 

price has reached NOK69.90 and NOK63.21 per kilo for fresh and frozen categories.  

Another interesting fact we find from the production and price development graphs is a measure 

of the increase in production versus the increase in price. From the starting point in FY00 until 

week 24 in FY19 we noticed that the price of Salmon had increased by 125% in nominal terms 

for fresh salmon category while the production had increased by 288.2%. This indicates a 

reduction in the costs of production. The decrease in the cost of production can be attributed to 

the productivity growth in this industry over time as the salmon industry has witnessed a high 

degree of technological innovation since the 1980’s (Andersen, 2008). 
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Figure 2.3 

 

 
 

Figure 2.3 is graph of the production amounts in tonnes for the counties. Except for Trøndelag 

and 01+ Other Counties1 all other counties show an upward trend in the production numbers over 

the ten-year period of our econometric panel data set. The leader in salmon production was 

Nordland with 250,000 tonnes in sales of slaughtered salmon for food followed by Troms – Roms 

and Hordaland.  

Earlier literature indicates marked upsurge in productivity growth (Andersen, 2008) and 

downstream innovations such as improvement in logistics and transportation networks. We note 

from (Roll, Tveterås, & Asche, 2007) that improvements in the supply chain is equally important 

as productivity growth for the increased competitiveness aquaculture has experienced in Norway.  

                                                           
1 As per Statistics Norway counties with low aggregate numbers were clubbed together prior to 2018 
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Figure 2.4 
 

 

Figure 2.4 shows the number of people employed through aquaculture by county from FY00 till 

FY18. Although we do see an upward trend in the number of persons employed the upward trend 

is not as high as we find in production rates which indicates to productivity increases (Asche, et 

al., 2013) 
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2.3 Production and Price movements between FY07 to FY17 
 

Figure 2.5 

 

 

Source: Statistics Norway & YCharts.com  

 

When we analyze the period that coincides with our panel data set, we find continued growth 

patterns in the industry indicating that there is still room for growth. The figure above shows 

salmon production in millions of tonnes in Norway from FY07 till FY17 plotted on the primary 

axis versus the average yearly price of Norwegian salmon in world markets given in US$/Kg. 

The graph indicates that although production has consistently increased over the ten-year period 

there have been significant fluctuations in the price of Norwegian salmon. This indicates higher 

within variability in profitability in aquaculture firms as a higher within variability is directly 

affected by the price of salmon which fluctuates based on demand and supply dynamics. In turn, 

the supply is affected due to biological hazards that affects this industry such as salmon lice that 

can damage the harvest. A most recent example is loss of approx. 11,600 tonnes of farmed salmon 

that died because of the algae bloom north of Nordland and in the south Tromsø. As per the 

Fiskedirektoratet it is estimated that approximately 720 Million NOK in forgone sales of produced 

salmon has been lost ( (Aase, 2019). 
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Figure 2.6 

 
Source: Statistics Norway 
 

While other species are also farmed, salmon remains the top product. Figure 2.5 above indicates 

total sales of salmon versus the total sales of all species of fish in aquaculture produced in Norway 

between FY07-FY17. This figure represents the heavy weightage of salmon sales out of all other 

species farmed in aquaculture for food production. Over the ten-year period salmon sales have 

heavily dominated the aquaculture sector forming on average 92% of total aquaculture sales 

between FY07 to FY17. This brings us back to the important discussion of salmon farming for 

food security as we earlier quoted the FAO report on food security.  
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3.0 Measures of Economic Returns  
 

We use two financial ratios to measure farm economic returns (Schechter, 2017). These financial 

ratios are both important indicators of management efficiency, business risk and profitability. The 

following two formulas used to calculate the dependent variables are as follows: 

 

1. 𝑅𝑒𝑡𝑢𝑟𝑛 𝑜𝑛 𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠 (%) =  
ே௘௧ ூ௡௖௢௠௘

்௢௧௔௟ ஺௦௦௘௧௦ 
𝑋 100 

2. 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑀𝑎𝑟𝑔𝑖𝑛 (%) =  
ை௣௘௥௔௧௜௡௚ ூ௡௖௢௠௘

ௌ௔௟௘௦ ோ௘௩௘௡௨௘
 𝑋 100 

  

ROT (Return on Total Assets) is a good measure of firm profitability relative to its assets. We 

chose to use return on total assets instead of farm net income or return on equity because return 

on equity ratios do not consider the farm’s debt capital. We note in (Flaten, Tveterås, & Gudbrand, 

2011) that financial investments in fish farms our noted in total assets. Therefore, return on total 

assets poses to be a good measure to determine business risk and management of the farm and 

total return on investment.  

Operating Margin on the other hand is an effective measure of business risk. Operating margin 

indicates the return on sales and is widely used in financial analysis of companies to determine 

management effectiveness and business risks. Operating margin is often denoted as EBIT 

(earnings before interest and taxes). The reason why this is a good choice for measuring firm 

profitability is because it takes into account farm’s COGS (Cost of Goods Sold), which is the 

direct cost of the entire production value chain beginning from hatchery, smoltification to grow 

out phase and production of farmed Salmon. Furthermore, it also accounts for the firm sales 

revenue as well as the production capacity of a farm. Let us take a closer look as to how this is 

the case.  
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The formula for Sales Revenue is as follows:  

𝑆𝑎𝑙𝑒𝑠 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 = 𝑃𝑟𝑖𝑐𝑒 𝑜𝑓 𝐹𝑎𝑟𝑚𝑒𝑑 𝐴𝑡𝑙𝑎𝑛𝑡𝑖𝑐 𝑆𝑎𝑙𝑚𝑜𝑛 𝑋 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝐹𝑎𝑟𝑚𝑒𝑑 𝐴𝑡𝑙𝑎𝑛𝑡𝑖𝑐 𝑆𝑎𝑙𝑚𝑜𝑛 𝑠𝑜𝑙𝑑 

It is clear from the equation that price fluctuations will affect farm sales revenue due to changes 

to the price of Atlantic Salmon in the world markets. Quantity on the other hand is related to farm 

size. 

For the purposes of this paper we will not delve into the determinants of farm size on profitability 

since that requires an entirely distinct set of variables and analysis. However, for the purpose of 

using our economic measures it is useful to understand how sales revenue is an important part of 

the Operating Margin ratio that we have used in our analysis.  

In short, our two economic measures account for Total Assets, Total Debt, Sales Revenue, Price 

of Atlantic Farmed Salmon, Cost of Goods Sold, Labor Salaries, Ordinary Depreciation, Changes 

in Inventories, and other operating expenses. Furthermore, to support our analysis we find 

evidence in (Engle, 2012) that pertaining to the nature of aquaculture business return on assets 

and operating margin are effective measures of profitability that take into account expenses 

related to farm expenses incurred through fish feed, labor both full time and part time, fuel, gas, 

oil and electricity charges, repairs, maintenance and depreciation.  

Lastly, there are also limitations to using Operating Margin and Return on Total Assets. These 

limitations, however, pertain to the use of these ratios for comparisons in companies across the 

same industry. If we were to compare these ratios with another industry, then these measures 

would not be effective. The reason for that is every business/industry is different in nature. Every 

industry has a distinct set of expenses that affect it. These measures specially Operating Margin 

considers business related expenses as well as COGS, thus it would not be appropriate to compare 

expenses the same way in two different industries.  
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4.0 Econometric Model Specification  
 

Our analysis determines the significance of Time, Sector and Regions on firm profitability in the 

aquaculture value chain in Norway. Therefore, to test our research question, we developed five 

economic models. We have chosen to disperse econometric testing for Time, Sector, and Region 

for the two economic measures mentioned above separately.  

We conducted separate tests for several reasons. Firstly, testing Sector and Region in one model 

presented issues with perfect collinearity. (Kopalle & Mela, 2002) states that collinearity can 

reduce parameter variance estimates and creates asymmetric variable omission bias. This means 

that positive correlation can result in less precise estimates and can induce parameters to switch 

signs and impact the model R-squared value.  

In addition to this, we also noticed that STATA automatically omits variables when they are in 

collinearity with another variable since it disturbs the robustness of the model. Since we expected 

Sector and Region dummies to have dependency, we regressed each set of dummy variables 

separately. We also added two further models where we interacted Time and Sector as well as 

Time and Region. 

We used a noconstant model using analytic weights function in STATA. A noconstant model is 

used when possibilities of collinearity exist amongst independent variables (Schechter, 2017), a 

case that is similar to our research question. Furthermore, we also used Analytic Weights function 

denoted by aweight in our econometric models to allow greater accuracy to our data set (Dupraz, 

2013).  

Since our dataset has a large variation of firms both small and large from owner operator level to 

large corporations when analyzing statistical dependence, the analytic weights option takes each 

observation as a group mean. This gives us a more accurate picture because some smaller firms 

that have negative returns do not get a greater weightage in the computation of our regression 

analysis.  

Altogether we ran ten regressions, five for each of our economic measures discussed earlier i.e. 

Return on Total Assets (ROT) and Operating Margin (OpsMargin) as follows: 

1. Time 
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2. Sector 

3. Region 

4. Time & Region 

5. Time & Sector  

 

The following presents the two general models tested for Hypotheses: 

1. ROT = 𝛽1𝑑2007 +  𝛽2𝑑2008 +  𝛽3𝑑2009 +  𝛽4𝑑2010 + 𝛽5𝑑2011 +  𝛽6𝑑2012 + 𝛽7𝑑2013 +

𝛽8𝑑2014 + 𝛽9𝑑2015 + 𝛽10𝑑2016 + 𝛽10𝑑2017 +  𝛾1𝑑𝑃𝑟𝑜𝑑𝑀𝑎𝑟𝑖𝑛𝑒𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 +

𝛾2𝑑𝑃𝑟𝑜𝑑𝐹𝑟𝑦𝐻𝑎𝑡𝑐ℎ𝑟𝑦𝑀𝑎𝑟𝑖𝑛𝑒𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 + 𝛾3𝑑𝑆𝑟𝑣𝑐𝑠𝑀𝑎𝑟𝑖𝑛𝑒𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 +

𝛾4𝑑𝐹𝑟𝑒𝑠ℎ𝑊𝑎𝑡𝑒𝑟𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 + 𝛾5𝑑𝑃𝑟𝑜𝑑𝐹𝑟𝑦𝐻𝑎𝑡𝑐ℎ𝐹𝑟𝑠ℎ𝑊𝑡𝑟𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 +

𝛾6𝑑𝑆𝑣𝑐𝑠𝐹𝑟𝑒𝑠ℎ𝑊𝑎𝑡𝑒𝑟𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 + 𝛿1𝑑𝑅𝑜𝑔𝑎𝑙𝑎𝑛𝑑 + 𝛿2𝑑𝐴𝑘𝑒𝑟𝑠ℎ𝑢𝑠 + 𝛿3𝑑𝐻𝑜𝑟𝑑𝑎𝑙𝑎𝑛𝑑 +

𝛿4𝑑𝐵𝑢𝑠𝑘𝑒𝑟𝑢𝑑 + 𝛿5𝑑𝑁𝑜𝑟𝑑𝑙𝑎𝑛𝑑 + 𝛿6𝑑𝐹𝑖𝑛𝑛𝑚𝑎𝑟𝑘 + 𝛿7𝑑𝑇𝑟ø𝑛𝑑𝑒𝑙𝑎𝑔 + 𝛿8𝑑𝐻𝑒𝑑𝑚𝑎𝑟𝑘 +

𝛿9𝑑𝑀ø𝑟𝑒𝑅𝑜𝑚𝑠𝑑𝑎𝑙 + 𝛿10𝑑𝑂𝑝𝑝𝑙𝑎𝑛𝑑 + 𝛿11𝑑𝑂𝑠𝑙𝑜 + 𝛿12𝑑Ø𝑠𝑡𝑓𝑜𝑙𝑑 + 𝛿13𝑑𝑆𝑜𝑔𝑛𝐹𝑗𝑜𝑟𝑑𝑎𝑛𝑒 +

𝛿14𝑑𝑇𝑒𝑙𝑒𝑚𝑎𝑟𝑘 + 𝛿15𝑑𝑇𝑟𝑜𝑚𝑠 + 𝛿16𝑑𝑉𝑒𝑠𝑡𝐴𝑔𝑑𝑒𝑟 + 𝛿17𝑑𝑉𝑒𝑠𝑡𝑓𝑜𝑙𝑑 + 𝛿18𝑑𝐴𝑢𝑠𝑡𝐴𝑔𝑑𝑒𝑟, [𝑎𝑤𝑒𝑖𝑔ℎ𝑡 =

𝑤_𝑇𝑜𝑡𝑎𝑙𝐴𝑠𝑠𝑒𝑡𝑠], 𝑛𝑜𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

2. Operating Margin = 𝛽1𝑑2007 +  𝛽2𝑑2008 +  𝛽3𝑑2009 +  𝛽4𝑑2010 + 𝛽5𝑑2011 +  𝛽6𝑑2012 +

𝛽7𝑑2013 + 𝛽8𝑑2014 + 𝛽9𝑑2015 + 𝛽10𝑑2016 + 𝛽10𝑑2017 +  𝛾1𝑑𝑃𝑟𝑜𝑑𝑀𝑎𝑟𝑖𝑛𝑒𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 +

𝛾2𝑑𝑃𝑟𝑜𝑑𝐹𝑟𝑦𝐻𝑎𝑡𝑐ℎ𝑟𝑦𝑀𝑎𝑟𝑖𝑛𝑒𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 + 𝛾3𝑑𝑆𝑟𝑣𝑐𝑠𝑀𝑎𝑟𝑖𝑛𝑒𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 +

𝛾4𝑑𝐹𝑟𝑒𝑠ℎ𝑊𝑎𝑡𝑒𝑟𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 + 𝛾5𝑑𝑃𝑟𝑜𝑑𝐹𝑟𝑦𝐻𝑎𝑡𝑐ℎ𝐹𝑟𝑠ℎ𝑊𝑡𝑟𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 +

𝛾6𝑑𝑆𝑣𝑐𝑠𝐹𝑟𝑒𝑠ℎ𝑊𝑎𝑡𝑒𝑟𝐴𝑘𝑣𝑎𝐾𝑢𝑙𝑡𝑢𝑟 + 𝛿1𝑑𝑅𝑜𝑔𝑎𝑙𝑎𝑛𝑑 + 𝛿2𝑑𝐴𝑘𝑒𝑟𝑠ℎ𝑢𝑠 + 𝛿3𝑑𝐻𝑜𝑟𝑑𝑎𝑙𝑎𝑛𝑑 +

𝛿4𝑑𝐵𝑢𝑠𝑘𝑒𝑟𝑢𝑑 + 𝛿5𝑑𝑁𝑜𝑟𝑑𝑙𝑎𝑛𝑑 + 𝛿6𝑑𝐹𝑖𝑛𝑛𝑚𝑎𝑟𝑘 + 𝛿7𝑑𝑇𝑟ø𝑛𝑑𝑒𝑙𝑎𝑔 + 𝛿8𝑑𝐻𝑒𝑑𝑚𝑎𝑟𝑘 +

𝛿9𝑑𝑀ø𝑟𝑒𝑅𝑜𝑚𝑠𝑑𝑎𝑙 + 𝛿10𝑑𝑂𝑝𝑝𝑙𝑎𝑛𝑑 + 𝛿11𝑑𝑂𝑠𝑙𝑜 + 𝛿12𝑑Ø𝑠𝑡𝑓𝑜𝑙𝑑 + 𝛿13𝑑𝑆𝑜𝑔𝑛𝐹𝑗𝑜𝑟𝑑𝑎𝑛𝑒 +

𝛿14𝑑𝑇𝑒𝑙𝑒𝑚𝑎𝑟𝑘 + 𝛿15𝑑𝑇𝑟𝑜𝑚𝑠 + 𝛿16𝑑𝑉𝑒𝑠𝑡𝐴𝑔𝑑𝑒𝑟 + 𝛿17𝑑𝑉𝑒𝑠𝑡𝑓𝑜𝑙𝑑 + 𝛿18𝑑𝐴𝑢𝑠𝑡𝐴𝑔𝑑𝑒𝑟, [𝑎𝑤𝑒𝑖𝑔ℎ𝑡 =

𝑤_𝑇𝑜𝑡𝑎𝑙𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔𝑅𝑒𝑣𝑒𝑛𝑢𝑒], 𝑛𝑜𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 

 

The two models represent the entire hypothesis to be tested for the economic measures, however, 

for the purposes of robustness of results and perfect collinearity issues between independent 

variables we separately ran five different regressions for each economic measure. This means that 

our first model included only time dummy regressions for ROT and OpsMargin while we 

removed all other dummy variables from the regression.  

Similarly, we conducted a test for sector dummies removing both time and region variables from 

the model and vice versa for the region dummies. In addition to this we also added two additional 
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tests for each of the economic measures on Time & Sector and Time & Region dummies. The 

results of the regression are reported in Section 6. Regression results for the unweighted models 

are presented in the appendices as they are not part of our discussion.  

 
 

5.0 Descriptive Analysis of Data Set and Firms 
 

The dataset we used for our econometric testing is financial statement data for all firms operating 

within the Aquaculture under six specified NACE sector codes described earlier in this paper. 

These NACE sector code data for 03.211, 03.212, 03.213, 03.221, 03.222, 03.223. We converted 

this data into a panel data set to conduct quantitative testing. Our dataset covers financial 

statement data of a total of 1396 firms in Norway from 2007 till 2017, that are operating the six 

NACE sectors mentioned above. These sectors cover the Aquaculture value chain for both marine 

and freshwater aquaculture.  

After the conversion of the panel data set, we had a total of 15356 observations. The financial 

data columns were converted to numeric variables since statistical testing otherwise would not be 

possible in STATA. 

Our profitability analysis focuses on testing profitability coefficients across Norwegian 

aquaculture firms based on Time, Sector and Region. Aquaculture and agriculture are similar 

businesses in nature due since both are biological in nature and both are characterized by long 

production cycles (Flaten, Tveterås, & Gudbrand, 2011). Due to this proximity of the nature of 

these two industries the risks associated in the two industries are also related.  

Risks related to natural calamities, production risks, pest attacks, crop/fish diseases are a common 

likelihood for both businesses. Furthermore, since these are both biological businesses in their 

essence, they both variate in yield affecting through geography in which they located. Climate 

plays a key role in both these industries as well as the price of end product. Aquaculture is affected 

directly due to the price of Atlantic Salmon in the markets. Price variability therefore affects 

profitability as it directly drives a firms Sales Revenue.  
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Hence, for our econometric analysis to have some meaning and sufficiency we must consider 

three factors when determining the profitability of Aquaculture in Norway. These three facets are 

profitability variability and dependence on 1) Time, 2) Sector 3) Geographic Location. Variation 

in profitability across sectors is important because the value drivers in each sector of Aquaculture 

are different and therefore different value drivers drive factors and stages of the production cycle. 

Spatial diversification is another important reason for having Regional or Geographic Location 

variable. Since fish farming like agriculture has an outdoor grow out phase component the growth 

of Salmon is affected by water temperature, oxygen scarcity in the water, Salmon lice 

susceptibility are all important factors that directly affect production cycle from region to region 

in Norway (Thyholdt, 2012). These differences make it important to study the effects of regional 

differences on firm profitability.  

We use an ordinary least square regressions on farm level panel data from 2007 to 2017. We use 

a no constant coefficient model as follows to capture the three specific effects of time, sector, and 

region. Our analysis includes two sets of equations testing the dependence of 1) Return on Total 

Assets on Time, Sector and Region dummies and 2) Operating Margin on the Time, Sector and 

Region dummies. The model we used is a no constant regression model. No constant regression 

models are better suited when there is likelihood of collinearity between independent variables. 

Since the nature of our Time, Sector and Region dummies pose similarities in terms of the nature 

of each of the category dummies we were constantly getting results with perfect collinearity 

issues. Therefore, we have used a no constant regression model to conduct our Hypotheses 

because it yields higher T-statistics and significant p-values. 

Altogether to conduct this analysis we created dummy variables from FY 2007 till 2017 and all 

six NACE sector dummies in addition to the 18 regional dummies. In total 34 dummy variables. 

The empirical results of our econometric tests our presented and discussed in section 6 of this 

report.  
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5.1 Distribution of firms across sectors and regions 
 

We had a total of 1397 firms associated within the six NACE sectors. In this section we will 

present an analysis of the breakdown of the firms operating in various sectors and regions within 

Norway.  

 

Figure 5.1 

 

 

 

The breakdown from the table sheds light on how the Aquaculture industry is distributed across 

the six sectors in the aquaculture industry. As is evident the highest number of firms are in 03.211 

(Production of fish and shellfish in sea and coastal fish farming in marine and coastal aquaculture) 

operated in Hordaland followed by Nordland and Trøndelag.  
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Figure 5.2 

 

 

Fig 5.2 indicates that the aquaculture industry in Norway is skewed towards sector 03.211. This 

is the sector associated with the production of salmon in Norway and is associated with marine 

aquaculture. As it is evident this is the most populated sector in terms of firms located within this 

sector and the subsequent 03.213 (Services related to sea and coastal fish farming).  

Fresh Water Aquaculture though a relatively new sector does hold some promise. However, the 

technology constraints for this sector requires further investment  (E&Y Norway, 2018). 
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5.2 Sales Revenue by County by Sector  
 

The graph below is breakdown in percentage of the proportion of Sales Revenue for each NACE 

sector across each of the economic regions in Norway. The graph below indicates the proportion 

of sales revenue that is generated in each region pertaining to a specific sector2. As is evident 

from this breakup we can see that Aust-Agder, Finnmark, Hordaland, Møre og Romsdal, 

Nordland, Rogaland, Sogn og Fjordane, Troms, Trøndelag and Vestfold have the highest in total 

of sales revenue that is generated from activities classified as 03.211, which corresponds to 

production of marine and coastal aquaculture.  

Figure 5.3 

 

 
 

Fresh Water aquaculture is another sector that has recently developed and has seen investment 

into the development of this sector. However, this sector still needs further development as 

indicated in Fig 5.2 that the number of firms operating in this sector are only 35 and located in 

                                                           
2 The graph does not show revenue since it is meant to show the dispersion of activity by sector in each region 
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only two counties Hedmark and Oppland however, we note that industry analysts are looking to 

this sector as a future possibility for diversification.  

Figure 5.4 shows the count of firms operating within each sector further segregated at the county 

level. Again, it is evident that Hordaland has the highest number of firms operating in 03.211 

(Production of fish in sea water). It is also noticeable that proximity to grow out pens or open net 

fish farms for salmon production along the coast create growth in other sectors such as 03.212 

(Production of Fry and Hatchery) which is related to the brood stock and smoltification stage in 

the salmon production life cycle.  

A concentration of 03.213 services related to stage 5 & 6 in Fig 1. Atlantic Salmon Production 

Value Chain can also be found when looking at the figure below. This makes logical sense as 

proximity to grow out net-pen fish farms require slaughtering and processing services which 

includes salmon lice treatments which makes up the supply side of the industry.  

 

Figure 5.4 
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5.3 Distribution of Economic Returns Across Regions 
 

Analysis of our panel data set indicates FY16 to be the best year over the ten-year period. The 

mean ROT and Ops Margin observed for a firm operating within 03.211, the production of salmon 

and other saltwater fish species experienced a growth of 27.3% followed by FY17 with growth 

rate of 23.8%. The results also indicate all positive mean values indicating positive growth rates 

in this sector. In freshwater aquaculture (03.221) we can also observe positive returns with 

FY13,14 and 16 being the best years over the period. The results indicate a minimum of 5.6% 

and 6.1% in returns in seawater and freshwater production sectors, respectively.  

Similarly, our data shows positive growth in operating margins with margins as high as 33.6% 

and 30.8% in FY16 and 17 for seawater species. Positive margins were also observed in 

freshwater species with as high as 29.2% and 29.4% in FY13 and 14, respectively. We again 

notice that services sectors associated with sea and freshwater species indicate some years with 

negative growth. However, there are more occurrences of negative growth in services related to 

freshwater versus seawater production. We can attribute lower returns in freshwater services to 

the small number of firms operating in this sector and the high costs associated with a less 

developed supply chain. (Andersen, 2008).  

Freshwater aquaculture is an upcoming industry and it is at its beginning stages. Substantial 

technological innovation and development of supply networks would be required before these 

positive growth rates can be observed in this area. From Fig 5.2 we find that there are only 12 

firms operating within this sector and altogether only 35 firms operating in freshwater production 

sectors (03.221). In (Tveterås & Bettese, 2006) we learn that agglomeration externalities 

positively effect on the production possibility frontier and the technical inefficiency of firms. The 

study further finds that localized knowledge spillovers and substitution of internal inputs and the 

execution of production tasks causes fewer errors in the decision-making process thereby making 

firms more technically efficient in terms of production. We believe that the small number of firms 

operating within freshwater aquaculture is the cause of negative returns.  

Furthermore, we discover congruence with our analysis of small number of firms correlates to a 

greater likelihood of generating lower or negative growth rates. We find yet another similarity by 

looking at the mean ROT and OpsMargin by sector and county.  
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Firstly, we noticed that Akershus, Oslo and Østfold show negative mean returns. This points us 

to the same argument above i.e. related to agglomeration externalities and knowledge spillovers. 

This is also substantiated by revisiting Fig 5.4 which shows the number of firms located by sector 

in each county. These three counties all have small number of firms operating within the area. It 

is also evident from Fig 5.3 that they have reliance on the services industry for seawater 

aquaculture.  

Lastly, although it seems from Fig5.7 and 5.8 that Vestfold has the highest return on capital but 

it is important to view these results in their entirety otherwise the interpretations can be misleading 

because if one looks at the mean returns by county for seawater aquaculture one would think that 

Vestfold has the highest return on assets. However, this number is misleading if analyzed by its 

own because this mean return is generated from a few firms. For a macro level study such as this 

endeavor, we must also look at the number of firms operating within the county and sector and 

then assess the mean returns. If a larger set of firms generate a healthier mean return, then that 

would be a more conclusive evidence for profitability for the region.  

The next section of this report will shed light on the results of our econometric regressions.  

 

Figure 5.5 Mean ROT by Year and Sector (Weighted) 
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Figure 5.6 Mean OpsMargin by Year and Sector (Weighted) 

 

 

 

 

Figure 5.7 Mean ROT by Region and Sector (Weighted) 
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Figure 5.8 Mean OpsMargin by Region and Sector (Weighted) 

 

 

 

 

6.0 Empirical Results 
 

This section of our research effort will share evidence of dependence or determinants of the two 

economic measures to gauge the dependency of the firm on Time, Sector and Region. Our 

regression analysis tests both weighted and unweighted models to check the validity of our 

argument against what we have presented in this paper. These results are shared below in the 

subsequent sections.  

We use both weighted and unweighted models to test the significance of Time, Sector and Region 

on economic profitability measures namely Return on Total Assets and Operating Margin. The 

weighted model however provides a more accurate picture (Dupraz, 2013). And our results 

indicate less unexplained variation in the form of a higher R-squared and Adjusted R-squared 

value hence, for the discussion and interpretation of results we will keep our discussion limited 

to the weighted regression models. The unweighted models are presented in the appendices to 

this report.  
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6.1 Time 
 

From our weighted model in Appendix 1a we find Time to have a significant impact on 

profitability measured through firms return on total assets. We find that all time dummy variables 

have a p-value of 0.00 with positive co-efficient values for all the years. The highest coefficient 

was noted to be for FY16 with coefficient of 0.2504. Denoting that on average the return on total 

assets was positively affected by 25.04% in FY16 and 0.0564 or 5.64% in FY08 being the lowest. 

OpsMargin coefficient values show an even greater magnitude than ROT. All time dummies 

indicate significance at the 1% level and fall in congruence with ROT for the years. FY16 and 

FY17 were the highest indicating that on average a firm’s OpsMargin was positively affected by 

32.4% and 29.4% respectively holding everything else constant.  

The difference in co-efficient magnitudes is due to the price variation of Atlantic Salmon. The 

high variability in the price of Salmon is the cause for such a wide range of difference between 

the highest and lowest time dummy coefficients. We further substantiate our claim through an 

analysis of the firm wise within and between variability analysis in section 7.0 of this report.  

Figure 6.1 

 

 

 

The above denotes an average upward trend in the coefficient values for time dummies. We 

believe this is because of strong productivity growth leading to decreased production costs and 
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improved competitiveness (Asche F. , Farming the Sea, 2008). Furthermore, in (Asche, Tveterås, 

& Roll, Future Trends in Aquaculture: Productivity Growth and Increased Production Chapter 9, 

2008) we find a higher degree of control over the production process allows technological 

innovation to a much larger extent causing the price of production to fall. 

 

 

6.2 Sector 
 

For ROT we find all sector dummies except for NACE sector 03.223, Services for freshwater 

aquaculture to have positive coefficients that are significant at the 1% level. Only 03.223 has a 

negative coefficient, however it is not significant. All other sector dummies show a zero p-value 

indicating highly significant dependence on the sector a firm belongs. We also find that only two 

of the sectors return significant values for OpsMargin which are 03.211 and 03.222. The 

coefficient for production of marine aquaculture which is comprised of salmon production 

indicates healthy margins (23.3%) and is highly significant with a p-value of zero. Fig 6.2 below 

shows a plotted graph of the coefficients for the two economic measures.  

We also find 03.211, production of marine aquaculture has the second highest magnitude 

indicating that on average a firm operating in production of salmon will generate an ROT of 

17.2%, and OpsMargin of 23.3%, holding everything else constant. This high value was expected 

as it aligns with our analysis and the rapid growth in the production of salmon in Norway.  

03.221, production of freshwater aquaculture stands as the highest in magnitude. The coefficient 

is 19.4% and the result is significant at the 1% level. Both the two production sectors pertaining 

to stage 3 & 4 which is carried out either in grow out ponds in seawater or land based fresh 

aquaculture systems indicate strong positive correlation.  

The lowest coefficient was of 03.212 was the lowest followed by 03.222 with values of 4.2% and 

7.2% respectively. Both are sectors pertaining to hatchery, and production of fry pertaining to 

stage 1 & 2 in Fig1.  
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Figure 6.2  

 

 

 

6.3 Region 
 

11 regional dummies indicate a positive correlation with firm ROT and 7 for OpsMargin and are 

highly significant. For ROT, the strongest correlation was for Vestføld at 26.6%, followed by 

Troms at 23.1% and Sognafjord at 20.4%. Oslo at -7.3% shows a negative correlation to firm 

ROT and the results were significant at the 1% level. The regression results for the model are 

available in Table 6.3. 

Nordland had the largest coefficient value, followed by Hordaland, SognFjordane and Trøndelag. 

The results were as per our expectations and nothing out of the ordinary was observed. We 

expected counties with a high count of firms operating in salmon production associated with 

sector 03.211, see Fig 5.4, to have positive coefficient values and high significance indicating 

congruence with prior literature review conducted for this paper. Regions exhibit positive 

correlation to firm ROT and the number of firms operating within the sector which points 

agglomeration effects and productivity growth and economies of scale obtained through more 

developed supply networks, availability of skilled labor and knowledge spillover effects.  



33 
 

Hordaland, Finnmark, Tromsø, Nordland, Trøndelag, Rogaland and SognFjordane all showed 

highly significant results with high OpsMargin. The following graph shows a plotted graph 

against the regression coefficients.  

Furthermore, we note that those regions that are located on the western coastline of Norway from 

Rogaland all the way up north to Finnmark show positive coefficients that are highly significant 

while those counties that are either landlocked, or located to the southwest side of Norway except 

for Vest-Agder show negative coefficients for region dummies with weak significance. If we 

match our results to the map of the Norwegian counties, we can draw a general conclusion for 

profitable areas for salmon farming. This finding is also substantiated with Fig 5.4 which shows 

the number of firms operating in each sector by county. The counties with positive coefficients 

and highly significant p values show healthy economic returns and have a high number of marine 

aquaculture firms situated in the county. This in turn points us to the literature we shared regarding 

economies of scale and developed supply networks (Roll, Tveterås, & Asche, 2007). Our results 

indicate that location does form an important factor in salmon farming.  

Figure 6.3 
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Fig 6.4 Map of Norway by County 

 

Source: https://no.wikipedia.org/wiki/Regionreformen_i_Norge 

Fig 6.4 is a map of Norway by counties3. When one analyzes the geography of the counties, a 

pattern starts to emerge. Firstly, our analysis of production rates, count of firms, persons employed 

by sector, indicates those counties that lie on the western side of Norwegian coastline have 

performed better in terms of profitability with highly significant results.  

Secondly, the number of marine aquaculture production sector firms far outweighs any other 

sector indicating scale economies, developed supply chain and proximity of farms within the 

respective regions. Also, it seems from this map that water temperatures and the biological 

environment favourable to the production of salmon also lies to the west coast of Norway. On the 

other hand, all mainland regions have low to nonexistent presence in 03.211 and have diversified 

into hatchery and production of fry (03.212) or services sectors (03.212 & 03.223). This makes 

sense as proximity of open net pen farms to the command and control would make logistical sense 

since management decisions could be implemented at a faster pace and provide greater 

monitoring of activities on the farms. Regions denoted by # 13, 6, 14, 7, 15, 9, 8, 17 & 14 all 

denoted those counties that have healthy economic returns and highlight significant correlation 

to firm profitability. This also points to external economies of scale generated through clustering 

in economic regions of similar firms as highlighted in (Asche T. R., 2015). The results of the 

regressions are provided below.  

                                                           
3 The map is prior to 2018. Nord-Trøndelag and Sør-Trøndelag were merged into one county.  
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Lastly, (Solheim & Tveterås, 2017) we find supporting evidence of benefits from co-location in 

the upstream oil and gas industry in Norway. The paper states that when firms operating within a 

sub sector in an industry cluster together they benefit from productivity and agglomeration. The 

value chains generated as a result creates synergies for firms within the sector that generates 

localized external economies. Our findings, specifically to the dependence of marine aquaculture 

(03.211) indicates that a similar mechanism may be present within aquaculture in Norway.  

 

Table 6.1 Time dummy regression on ROT  
 

 

 

Table 6.2 Sector Dummy Regression on ROT 
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Table 6.3 Regional dummy regression on ROT  
 

 

 

Table 6.4 Time & Sector regression on ROT 
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Table 6.5 Time & Region regression on ROT 
 

 

 
Table 6.6 Time dummy regression on OpsMargin 
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Table 6.7 Sector dummy regression on OpsMargin 
 

 

 
 

Table 6.8 Region dummy regression on OpsMargin  
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Table 6.9a Time & Sector regression on OpsMargin  
 

 

 

Table 6.9b Time & Region regression on OpsMargin 
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7.0 Within & Between Variability in Aquaculture Sectors 
 

Variability is denoted as the divergence of data from the mean (Investopedia, 2016). In this 

section of our analysis of profitability of aquaculture value chains in Norway we will share 

findings of the within farm variability in each of the respective sectors of aquaculture value chain 

versus the between farm variability.  

Within farm variability in profitability specifically Return on Total Assets and Operating Margins 

the two dependent variables analyzed in our statistical analysis refers to variability in profitability 

in a farm across time while Between farm variability refers to variability that results across 

different farms or in our case the different companies. Between farm variability is dependent on 

several factors that can influence profitability. These factors could be related to feed usage, the 

quality of feed, fertilizer use or extension services ( (Kaliranjan & Flinn, 1983). The paper further 

states that between farm variability is affected through technical efficiency which is determinant 

on other factors such as education and farming experience. Between farm variability in 

profitability is also  

(Flaten, Tveterås, & Gudbrand, 2011) states that within farm variability is highly dependent on 

exogenous shocks. While price is a principal factor in farm profitability between farm variability 

differs based on farmer’s ability, soil and water properties, topographic position, and even 

personal characteristics.  

Within farm variability could be caused by physical, financial, and labor constraints as well 

variable climatic conditions and annual management decisions year on year. From our 

computation we find that within farm variability is consistently higher for the marine/coastal 

aquaculture. A lower between farm variability indicates dispersion of knowledge throughout the 

industry which is a plus. It also denotes that a lower firm to firm variation indicates that 

differences in knowledge, technology and the diffusion of innovation, experience level and 

education are less variable in both marine and freshwater aquaculture industries.  

The between variability which points to management effectiveness, experience, technological 

knowledge, and expertise is higher in Fresh-water aquaculture. Since our dataset contains both 

large, small, midsized and owner operator level family run fish farms we expected to have high 

between variability between these diverse groups. Large corporations for example such as Marine 
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Harvest have access to financial capital that provides them the ability to afford expensive 

machinery and state of the art fish farms. On the other hand, smaller fish farms that are not public 

corporations farm salmon based on knowledge passed on from generations and labor is provided 

by family members. This creates a less specialized form of farming when compared with large 

corporations. Economies of scale are indicated within larger firms in Norwegian aquaculture 

firms indicating larger companies have increased production (Asche, et al., 2013), which points 

to the reason for differences between groups of aquaculture firms.  

The within farm variability for marine aquaculture for ROT is 5.09 versus 2.68 for freshwater. 

Similarly, 03.212 and 03.222 stand at 0.73 and 5.53 indicating a higher within group variation in 

freshwater hatchery sectors. Services sectors for both sea and freshwater had 5.53 and 9.17, 

respectively. The within farm variability for 03.211 marine aquaculture for OpsMargin was the 

highest at 147.02 followed by 03.212, hatchery and production of fry in marine aquaculture. We 

believe this variability is again due to small and large farms operating within these sectors as we 

previously mentioned that aquaculture is skewed towards marine farming and associated sectors 

therefore, the highest variability is also visible in these sectors due to the large number of players.  

 

Table 7.1 Within and Between Variability in Marine Aquaculture (ROT) 
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Table 7.2 Within and Between Variability in Fresh Water Aquaculture (ROT) 
 

 

 

Table 7.3 Within and Between Variability in Marine Aquaculture (OpsMargin) 
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Table 7.4 Within and Between Variability in Fresh-water Aquaculture (OpsMargin) 
 

 

 

 

8.0 Summary & Conclusion 
 

Aquaculture has grown over the years as a significant industry in Norway. Salmon exports 

increased by over 288% since FY00 until FY19 while the price increased by 125% indicating 

decreasing production costs. Salmon production grew between FY07 and FY17 starting at NOK 

15.49Billion in FY07 to NOK 61.63Billion in FY17 in sales of slaughtered fish for food.  

Our results indicate that 03.211 production of seawater aquaculture shows the most promising 

economic returns as measured by return on total assets and business risks measured through 

operating margins. FY16 and FY17 clearly stood out amongst the data set as the best years in 

terms of profitability for the salmon production firms. We find that time plays a critical role in 

profitability since external shocks in the form of price fluctuations and disease outbreaks directly 

affect firm profitability. A decrease in price that causes the reduction in margins thereby reducing 
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overall profitability and operating margins while diseases outbreaks create losses through loss of 

sales revenue.  

Sectors on the hand are closely related to cluster formation and technological development that 

the aquaculture industry has undergone over the years. The growth in the salmon production has 

caused 03.211 production of marine aquaculture to outrun all other sectors in Norway. The 

reasons are dependent on agglomeration externalities, production efficiencies, knowledge 

spillovers and external economies generated through cluster formation and developed supply 

networks due the sheer number of players operating within a sector. These factors play a vital role 

drive profitability growth over time.  

Lastly, regions also play a highly significant role in firm profitability and geographic location 

plays an integral role in the performance of the company. This is evident through the regression 

results which indicate that firms located in counties that have access to the western coast of 

Norway that comprises of the North Sea, Norwegian Sea and the Barents Sea in the north 

comprise of a heavy presence of salmon production companies.  

Those counties that do not have access to the western coastline tend to specialize in sectors that 

pertain to services related to the aquaculture industry. This makes logical sense since proximity 

of open net pen fish farms and the command and control offices presents fewer management 

challenges and makes for easier monitoring and control over the production operations. On the 

other hand, the clusters formed as a result of concentrated grow out salmon farms within counties 

has created external economies of scale for the firms in these regions. This finding is further 

supported by benefits of co-location and we find that within aquaculture in Norway a similar 

mechanism may be present.  

In the end, there is further need to deep dive into how firm size affects profitability within 

aquaculture in Norway. Specifically, we think that studying the impact of firm size versus sales 

revenue and its relation to research and development should be particularly and interesting area 

to investigate with the aquaculture industry in Norway.  
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Appendix 1:  

Regression estimates of Time dummy variables on firm’s Operating Margin – Using Analytic Weights 
(Weighted Model) 

 

 

Appendix 2:  
Regression estimates of Sector dummy variables on firm’s Operating Margin – Using Analytic Weights 
(Weighted Model) 
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Appendix 3:  
Regression estimates of Time dummy variables on firm’s return on total assets – Without Analytic 
Weights (Unweighted Model) 

 

 

 

Appendix 4:  
Regression estimates of Sector dummy variables on firm’s return on total assets – Without Analytic 
Weights (Unweighted Model) 
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Appendix 5:  
Regression estimates of Region dummy variables on firm’s return on total assets – Without Analytic 
Weights (Unweighted Model) 
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Appendix 6:  
Regression estimates of Time dummy variables on firm’s Operating Margin – Without Analytic Weights 
(Unweighted Model)  

 

 

Appendix 7:  
Regression estimates of Sector dummy variables on firm’s Operating Margin – Without Analytic 
Weights (Unweighted Model) 
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Appendix 8:  
Regression estimates of Region dummy variables on firm’s Operating Margin – Without Analytic 
Weights (Unweighted Model)  

 

 

 

 

 

 

 

 

 

 

 

 

 


