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Abstract 
 

 

An experiment on ranching wild, free-ranging cod in an Icelandic fjord was 

conducted in Arnarfjördur, Northwest Iceland, in the years 2005-2006. Regular 

feeding with cheap pelagic fish formed four sizable herds of cod. The cod in the herds 

showed enormous growth rate and high fidelity to their herds. Based on this 

experiment, a feasibility study of ranching wild cod in an open fjord was carried out. 

The hypothesis is that ranching of cod by anthropogenic feeding improves growth 

rates and enhances quota yield without the considerable investments required in cod 

farming. For ranching cod, five different scenarios were analysed, emphasising 

capturing and harvesting strategies. For comparison, a similar feasibility study was 

made for three alternatives: on-growing of wild cod in sea cages; full-cycle cod 

farming using hatchery produced juveniles; and commercial cod fishery. It was 

assumed in the calculations that a 200 ton quota is either used for fishing, ranching or 

on-growing in sea cages. The results indicate that ranching is the most profitable 

option, fishing the second and on-growing in third place. Full-cycle cod farming was 

found to be unprofitable, due to high production cost. Of the five ranching scenarios 

investigated, which all were profitable, ranching on a larger scale was the most viable 

option. When considering the four smaller scale alternatives, harvesting cod larger 

than 2.5 kg and on-growing the smaller cod for a second year in sea cages was 

considered the most feasible option. 

 

Keywords: Cod farming; Feasibility; Fisheries; Harvesting strategies; Profitability; 

Ranching of cod 
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Útdráttur 
 

 

Árin 2005-2006 var gerð tilraun með að ala villtan þorsk í Arnarfirði án notkunar 

sjókvía. Hjarðeldistilraunin leiddi í ljós að fóðraður þorskur sýndi mikla tryggð við 

hjörð sína og vaxtarhraði hans jókst umtalsvert. Á grundvelli þessarar tilraunar var 

gert arðsemismat á hjarðeldi þorsks við íslenskar aðstæður. Tilgátan er sú að hjarðeldi 

þorsks auki vaxtarhraða hans og bæti nýtingu aflaheimilda, án þeirra fjárfestinga sem 

þörf er á í hefðbundnu þorskeldi. Varðandi hjarðeldi á þorski voru fimm mismunandi 

tilvik rannsökuð, með áherslu á föngun og föngunaraðferðir. Til samanburðar var 

sambærilegt arðsemismat gert fyrir þrjá aðra rekstrarmöguleika: áframeldi á villtum 

þorski í sjókvíum; aleldi á þorski þar sem seiði eru keypt frá seiðaeldisstöð; og 

hefðbundnar þorskveiðar með dragnót. Í útreikningum var gert ráð fyrir að 200 tonna 

kvóti væri notaður fyrir hvern möguleika, þ.e. hjarðeldi, áframeldi og veiðar. 

Niðurstöður gefa til kynna að hjarðeldi sé arðbærast, arðsamara en hefðbundnar 

veiðar, og áframeldi fylgir þar á eftir. Aleldi á þorski virðist ekki vera fýsilegur 

valmöguleiki þar sem niðurstaðan sýnir mjög óarðbæran rekstur vegna mikils 

framleiðslukostnaðar. Af þeim fimm tilvikum hjarðeldis sem voru rannsökuð, var 

hjarðeldi á stærri skala (500 tonna kvóti) vænlegasti kosturinn. Þegar aðeins er tekið 

tillit til þeirra tilvika þar sem aflaheimildirnar voru 200 tonn, kom best út að 

stærðarflokka aflann, þ.e. slátra þorski stærri en 2,5 kg og ala smærri þorskinn áfram í 

kvíum fram á næsta ár. 

 

Lykilorð: Arðsemi; Fiskveiðar; Föngunaraðferðir; Hjarðeldi; Raunhæfni; Þorskeldi 
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1 Introduction 
 

 

This thesis is based on a cod ranching experiment, conducted in Arnarfjördur, 

Northwest Iceland, in 2005-2006. The initial objective of the ranching study was to 

find ways to reduce cod predation on the local shrimp (Pandalus borealis) stock by 

feeding natural prey at certain locations (Björnsson, in press). Shortly after the 

experiment had begun, the emphasis shifted more toward examining ranching as an 

alternative to cage-based cod farming. Further information regarding the ranching 

experiment in Arnarfjördur can be seen in Björnsson, in press and Björnsson at al., in 

press. 

The concept of ranching coastal cod comprises feeding natural prey, e.g. capelin 

(Mallotus villosus (Müller)) or herring (Clupea harengus L.) at specific locations in 

order to make the fish form herds. The main idea is that when the fish have become 

familiar with the feeding routines and the surroundings, they will stay in the feeding 

zone, and increase their length and weight because of the nutritious feed. If ranching 

of cod is to be achievable, i.e. herds can be established with the fish showing an 

increased growth rate, it will be necessary to close the feeding areas and their 

surroundings to commercial fishery.  

The objective of this thesis is to answer and discuss the following three 

questions: 

(1) What is the profitability of cod ranching, compared to the traditional cod 

fishery and conventional cod farming? (2) What are the future prospects of cod 

ranching in Iceland when taking into account profitability, the quota system, 

geographical conditions, technological innovation and how ranching fits within the 

legal framework? (3) Is it realistic to develop cod ranching as an industry in the 

future? 

The thesis is based on two manuscripts prepared for publication in scientific 

journals. The first manuscript compares the feasibility of ranching coastal cod to 

traditional cod farming, both on-growing and full-cycle farming, and to commercial 

fishery using a Danish seine as a fishing gear. In the second manuscript, the main 
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focus is on ranching, i.e. examining the effects of different harvesting strategies and 

ranching a larger biomass. 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2 Methods 
 

 

In this thesis, the viability of ranching will be compared to the feasibility of 

operating a 30 t vessel on an annual basis. Fishing 200 tons of cod, using Danish seine 

as fishing gear, is assumed to be a normal catch for this size of boat in Iceland. 

Another alternative is to use the 200 ton cod quota to form herds and feed them for 5-

6 months, harvesting the fish when they have doubled their weight, which has to be 

done before the cod leave the reserved area in November. This scenario is further 

examined with emphasis on different harvesting methods and fish biomass. In the 

third alternative, similar assumptions are made for on-growing in sea pens, i.e. catch 

the 200 ton quota and on-grow the cod in cages. In comparison, the practicability of 

producing 400 ton of cod in a full-cycle cod production is evaluated.  

A few assumptions are shared by all of the models, in order to make the 

feasibility of these options comparable. These assumptions are: 1) The company is in 

operation and its current fishing vessel (30 GRT) is suitable for all the operational 

alternatives, although in some cases some minor adjustments are necessary, 2) A 200 

ton cod quota owned by the company is provided, 3) All investments are financed by 

the owner’s equity, 4) For simplification no bycatch of other species is assumed, 5) 

The company operates in Arnarfjördur, Northwest Iceland, the location where the 

ranching project in this study is based. 

The market price of cod is the price the operator receives for delivering fresh, 

ungutted cod at the Icelandic fish auction. The market price is dependent on weight, 

although the price is changeable between days because of supply and demand 

interactions. For simplification it is assumed that the price is only weight dependent. 

On all occasions, it is assumed that the market price is the same for ranched and 

farmed cod and is equal to the market price of wild cod, although farmed cod has in 

recent years been sold at a price commonly 10-20% higher (Kjønhaug, 2006; Kontali 

analyse, 2008). 

The discount rate for ranching, on-growing and full-cycle cod farming is set at 

20%, and 15% for commercial fishing with a Danish seine. The higher discount rate 
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for farming activities is based on the fact that those are considered riskier than fishing 

commercially. 

 

2.1 Ranching 
 

In the first year, feeding the fish is to begin in April, initially with a small amount 

of feed given on a daily basis in order to attract the wild cod. From the second year 

onward, the herds are fed small amounts during the winter for maintaining attraction 

of the cod that have not migrated to other areas. In the models it is assumed that on 

May 25th the herds have been fully established and the growth period begins. The 

growth period is considered to last until November 5th, when capturing from the herds 

ends, total of 165 days. The feeding method involves the following operations: at 

every feed station a feedbag, containing frozen capelin, is lowered to a required depth, 

where the surrounding cod gather around the bag and eat the capelin as it thaws.  

When the growth period begins, in late May, it is assumed that in the eight 

established herds there are a total of 100,000 cod with an average weight of 2.0 kg. In 

a separate ranching scenario, on a larger scale that will be described later, the initial 

number of cod is 250,000. During the growth period, feeding will be gradually 

increased in proportion to the growing biomass in the herds and the feeding frequency 

reduced to three times a week.  

The harvesting procedure is based on hanging a feedbag from a free-floating 

buoy at a depth of about 5 m and when the herd has gathered around the bag, a purse 

seine will be circled around the herd and closed at the bottom. The bottom of the seine 

will be lifted until the fish density is enough to scoop up the fish with the lift net. At 

the end of the operation the feedbag is moored at the feed station to reward the 

remaining fish after the stressful experience. 

The estimated growth rate in the models, using the tagging data from the herds in 

2006, was 0.48% per day (Björnsson, in press), similar to the best results for on-

growing of cod in sea cages (Gunnarsson et al., 2008), and the feed conversion ratio 

(FCR) was approximated at 3.2. 

Mortality and losses were not measured in the Arnarfjördur experiment, and thus 

it is difficult to estimate the extent of these factors. It is arguable that when cod die or 
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leave the herd, an opportunity for others to join is provided. It is also reasonable to 

anticipate that mortality will be lower than normally occurs in nature due to the good 

condition of herd fish and the type of feed given. Therefore, losses due to mortality 

will be assumed to be 5% of the population over the growth period. This value may be 

an underestimation, since in the ranching experiment it was not possible to catch the 

entire herds. But with improved fishing methods, as is assumed in this study, the 

capture success can be enhanced drastically.  

For ranching, five different scenarios were investigated, emphasising harvesting 

strategies and biomass. In the following subchapters, the five ranching scenarios are 

illustrated. 

 

2.1.1 Case I: Basic harvesting 
Case I is the scenario used in manuscript 1, i.e. when comparing the feasibility of 

ranching to commercial fishing and conventional cod farming. It is also the base case 

in manuscript 2, with other scenarios in that paper altered in some ways from Case I. 

Capturing takes place from September 1st to November 5th, for three days a week. 

By November 5th it is expected that the herds have been fully utilized, and during the 

harvesting period the number of cod caught per day is 3,300. There is no size grading 

and the average weight of the catch corresponds to the average weight of the herd 

fish, increasing from 3.2 to 4.3 kg during the harvesting period 

 

2.1.2 Case II: Harvesting with size grading 
The harvesting period is the same as in Case I, and capturing takes place with a 

purse seine three times a week with 3,300 cod caught every fishing day. The 

difference here from Case I is that the catch is size-graded. Tagging data of the herds 

in the Arnarfjördur project were extrapolated with a daily growth rate of 0.48% to 

represent the herds during the harvesting period. It is assumed that cod smaller than 

2.5 kg are kept alive onboard and transported to sea cages provided by a company that 

purchases the small cod for on-growing at a price 10% higher than the market price. 

The average weight of small cod sold for on-growing is estimated as 1.8 kg. For this 

scenario, minor adjustments to the vessel must be made in order to be able to 

transport live cod.  



University of Akureyri                                    Department of Natural Resource Science 

  6 

2.1.3 Case III: Harvesting with size-grading and on-growing 
In this scenario, the method of size-grading is the same as in Case II, i.e. 3,300 

cod are caught every fishing day and cod smaller than 2.5 kg transported to sea cages, 

but in this case the rancher grows the small cod for another year to extend the 

harvesting period. The mean initial weight of small cod for on-growing is the same as 

in Case II, 1.8 kg. It is assumed that two large (90 m circumference) cages are filled 

from September until November 5th and subsequently harvested in November (mean 

wt. 6.4 kg) and December (mean wt. 6.2 kg) of next year. 

 

2.1.4 Case IV: Intensive harvesting at the end of the growth period 
By suspending harvesting until late October, one can maximize the total growth 

of the herds. In this case, it is assumed that all fishing takes place during the last two 

weeks of the growth period with a daily catch of 9,500 cod. The expected daily catch 

is beyond the capacity of the current vessel so it will be necessary to charter 

additional vessel for capturing. A sufficient vessel chartered would be of similar size, 

i.e. about 30 GRT and with a crew of three. 

 

2.1.5 Case V: Ranching larger biomass with basic harvesting 
In Case V, the required cod quota is 500 tons. The number of herds is increased 

to 20 from 8 in previous cases. Feeding the additional herds is time consuming and 

the company will not be able to attend to feeding and capturing at the same time with 

one fishing vessel. It is, therefore, necessary to charter a 60 GRT boat with a crew of 

five, to take care of fishing from the herds for the period September-November. Over 

that period, fishing goes on for five days a week with 5,000 cod caught per day. 

It is assumed that the price of feed and transportation cost is the same as in 

previous scenarios, although it might be argued that this could be lower due to larger 

purchases. One problem arises with a ranching programme of this scale and that is 

storage of feed. The quantity of given feed is more than double that of other scenarios 

so it may be difficult to rent a storage facility large enough for that quantity of frozen 

feed. In this case, it is assumed that a storage facility is built during first operational 

year, a 200m2 (1800m3) freezer.  
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2.2 On-growing 
 

Fishing for on-growing is assumed to take place in May and June each year, and 

the fishing gear used is a Danish seine. The initial mean weight of cod in on-growing 

is assumed to be 2.0 kg. In 2006 the mean weight of cod caught with a Danish seine 

for on-growing ranged from 1.4 to 2.0 kg (Gunnarsson et al., 2008). When fishing for 

on-growing, salaries for the crew are dependent on the value of the catch, 33.5% of 

the value (Sjómannasamband Íslands, 2004). During the grow-out and harvesting 

period, employees are paid by the hour. 

The cod are fed during the summer, fall and early winter and harvesting occurs in 

December when the average weight of the cod placed in sea pens in May and June is 

4.3 and 3.9 kg, respectively.  

Mortality during capture and transportation to cages is 5% and mortality over the 

rearing period is also estimated to be 5%, which is approximated from experience of 

cod captured for on-growing with a Danish seine in 2006 (Gunnarsson et al., 2008). 

These figures should be taken as estimates, as in some cases mortality has been 

reported higher. 

As in ranching, feeding will be solely based on frozen capelin. FCR for cod in the 

first year of farming has varied between 3.0 and 4.0 in Iceland (Gunnarsson et al., 

2007). In this evaluation an FCR of 3.2 is considered probable because of sexual 

maturity in the latter stages of the growth period, and compensatory growth can be 

substantial during the summer.  

 

2.3 Full-cycle farming 
 

In the model calculations, cod juveniles are purchased from a hatchery at a mean 

weight of 120 g and placed in sea cages in the beginning of April each year. It is 

assumed that annual production will be about 400 tons, when the production is in full 

operation. The reason for this figure is to enable realistic comparisons with the other 

options, where basic ranching (Case I) and on-growing of cod yield about 360 and 

370 tons respectively, based on a 200 ton quota. Growth estimates are based on 

experiments that took place in Ísafjardardjúp, Northwest Iceland, in the years 2002 to 
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2005, where the growth of wild caught juveniles was compared to that of hatched 

ones (Kristjánsson et al., 2006). The time from stocking in sea pens until the fish 

reaches the market size of approximately 3.5 kg is about 32 months. 

Losses during the grow-out period in the model for full-cycle cod farming are set 

at 37.5% for the first year-class, 30% for the second, 25% for the third and 20% for 

the fourth year onwards. These figures are approximated, based on data from Norway 

and Iceland and on the assumption that selective breeding, development of vaccines 

and improvements in management practice will result in less mortality and a 

reduction in other losses.  

The FCR was assumed to be 1.15, based on the experiment in Ísafjardardjúp 

during 2002-2005 with wild caught cod fingerlings; the same experiment as in the 

growth estimation (Kristjánsson et al., 2006).  

 

2.4 Cod fishery 
 

Minimum investments are needed for this case during the operating time; the 

main investment needed is fishing gear. Two sets of seines are purchased during the 

first year and one seine every year thereafter. The crew consists of three persons, two 

fishermen and a captain. Salaries paid will depend on the value of the catch, as is 

common practice in the Icelandic fisheries. For a boat of this size, with the number of 

people in the crew taken into account, the proportion of catch value paid as 

fishermen’s shares is 33.5% (Sjómannasamband Íslands, 2004). The average weight 

of caught cod is assumed to be 2.0 kg and the operator catches the entire quota, 200 

tons, every year. 
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3 Results 
 

 

3.1 Main results from manuscript 1 
 

3.1.1 Ranching of cod 
The largest expenditure in cod ranching is feed and feed related costs. The main 

feed source used is frozen capelin. Purchases of feed amount to €128,000 annually for 

the 15 years, or about 31% of operating expenses on average. Transportation and 

storage of feed are significant cost items as well, on average 18% and 4% of total 

expenses respectively. Thus, total feed related costs account for 53% of the expenses. 

Salaries constitute the second largest cost item, for the three employees of the project, 

total salaries paid are €83,333 annually. This accounts for about 20% of operating 

expenses. 

The yield of the 200 ton quota is 361 tons, with additional production being 161 

tons and the quota efficiency is 1.81. Quota efficiency indicates the final production 

figure yielded by the initial quota, e.g. ranching 1 kg cod would produce 1.81 kg cod 

when harvested. When harvesting is initiated, in the beginning of September, the 

mean weight of herd fish is 3.2 kg and when harvesting at the end of the first week in 

November the average weight has increased to 4.3 kg. Since all income derives from 

sales of fresh cod at the Icelandic Fish Auction, revenues generated for the volume of 

361 tons are €614,444 annually. On average, operating revenues per kilo of harvested 

cod are 1.70 €/kg and operating expenses, or production costs, amount to 1.15 €/kg. 

Earnings before taxes, depreciation and amortisation (EBITDA) are on average 

€200,000 and net profits €150,000 for the 15 year operating period. Ranching of cod 

appear to be a feasible option, the profit margin being 24.4%, and the net present 

value (NPV) is €753,692. A sensitivity analysis of ranching indicates that the 

operation is most sensitive to changes in market price and to capture success of 

conditioned cod. 

 

3.1.2 On-growing 
Harvesting takes place in December each year, 7-8 months from rearing. When 

harvesting, the mean weight of cod is 4.3 and 3.9 kg, reared from May and June, 
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respectively. The utility of a 200 ton quota is about 371 tons, meaning that additional 

production is 171 tons and the quota efficiency is 1.85. Total revenues generated, for 

each of the 15 years, are €646,125, i.e. 1.74 €/kg of harvested cod.  

Production cost in on-growing is considerably higher when compared with 

ranching, 1.41 €/kg and 1.15 €/kg respectively. The difference relates to the fact that 

in on-growing, harvested volume is slightly higher than in ranching, resulting in more 

feed being used since the FCR is the same in both scenarios. Additionally, the cost of 

capturing cod for on-growing is a cost item not associated with ranching. That 

includes increased oil consumption when fishing with a Danish seine for on-growing 

and fishermen’s shares, since the crew must by paid a share of catch value. 

Consequently, salaries and purchased feed are the largest items of expenditures, on 

average 25% and 26% respectively. Total feed related costs, including purchased 

feed, transportation and storage, account for 44% of the expenses. 

Although the overall results for on-growing are not as promising as for ranching, 

the operation returns net profits from the first year onward, on average €86,000 and a 

profit margin of 13.3%. It is a feasible option with an NPV of the operation at 

€198,000. Additionally, the operation is relatively stable with regard to the most 

influential factors in the sensitivity analysis; only changes in market price have a 

significant impact on profitability. 

 

3.1.3 Full-cycle farming 
In this case, there will be no harvesting for the first two operating years, due to 

the fact that in full-cycle farming it will take about 32 months to produce a 3.5 kg cod 

from a 120 g juvenile. For the first four years, the quantity of juveniles purchased will 

gradually decrease, based on the assumption that losses and mortalities will decrease 

during the four years, because of improved juvenile quality and better management 

practice. From the third year onward, harvested volume is about 400 tons annually, 

generating average operating revenues of €665,000 per year. Mean operating 

revenues per kg harvested are 1.66 €/kg. 

Average production cost for full-cycle cod farming is 2.02 €/kg. As in ranching 

and on-growing, feed and feed related costs are the largest expenditures. Feed related 

costs account for 52% of total expenses. Purchases and transportation of juveniles 

constitute a significant part of the expenses as well. The results suggest that full-cycle 
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farming of cod is unviable with the NPV of the project being negative by €2,036,000. 

When in full production from the third year onward, EBITDA is on average negative 

by €234,000 yearly. A sensitivity analysis of full-cycle farming demonstrates that 

improvements in key factors concerning the operation do not have a critical impact on 

profitability. 

 

3.1.4 Cod fishery 
Every year, 200 tons of cod are caught, with an average weight of 2.0 kg. 

Revenues generated for that volume are €273,000 annually, i.e. 1.36 €/kg of captured 

cod. 

Operating cost are 0.90 €/kg, of which fishermen’s shares and oil are the two 

largest expenditure. Fishermen’s shares constitute 51% of the expenses, while oil cost 

accounts for 14%. As expected, the results for fishing are acceptable. The NPV is 

€387,000 and the profit margin averages 26.2%. Fishing traditionally is most sensitive 

to the market price of cod, but overall the operation appears to be a relatively low risk 

business, considering the quantity of cod caught and the current market price. 

 

3.2 Main results from manuscript 2 
 

3.2.1 Case I: Basic harvesting 
Since Case I in manuscript 2 is the same as the ranching scenario in manuscript 1, 

the results for Case I can be seen in chapter 3.1.1 (Ranching of cod). 

 

3.2.2 Case II: Harvesting with size-grading 
Size-grading of captured cod lasts for the entire harvesting period, and every year 

about 47 tons of cod, at a mean weight of 1.8 kg, are sold for on-growing. In the first 

week of harvesting the average weight of cod is 4.1 kg, and the weight increases 

during the period, reaching 4.9 kg in the last week. The cod quota yields the same 

amount of fish as in Case I, i.e. 361 tons, but because of sales of live cod including 

markup, operating revenues are €633,100 instead of €614,444 as in Case I. The 

operating revenues are 1.75 €/kg harvested cod and the production cost 1.14 €/kg. 

Since the implementation of Case II is practically the same as in Case I, the individual 

expenditures are distributed similarly to that case. The overall results for this scenario 
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are fairly good, the profit margin is on average 26.5% and the NPV is €809,109 for 

the 15 year operating period.  

 

3.2.3 Case III: Harvesting with size-grading and on-growing 
The same volume of size-graded cod is transferred to sea cages in Case III as in 

Case II, but in this case the rancher on-grows the small cod by himself for a second 

year, resulting in an average weight of 6.4 and 6.2 kg in November and December the 

next year, respectively. Harvested cod from the herds are in the weight range of 4.1-

4.9 kg during the harvesting period. From the second year onward, or when 

harvesting the on-grown cod has begun, harvested volume is 470 tons annually, and 

the corresponding quota efficiency is 2.35. On average, revenues are €1.83 per 

harvested kg or for the entire volume, €860,861. 

The additional volume on-grown for another year, results in more feed 

requirement and, additionally, the FCR rises to 4.0 from 3.2 in the second year of 

farming. This leads to a higher proportion of the expenses coming from feed and feed 

related costs, or 59%. Consequently, the production cost rises to 1.31 €/kg from the 

previous case. Despite the high production cost, this case is considered a feasible 

operational option because of high quota efficiency, extended harvesting period and 

synergistic effects of ranching vs. on-growing in sea cages. The NPV is €819,064 and 

the profit margin is 22.8%. 

 

3.2.4 Case IV: Intensive harvesting at the end of the growth period 
When capturing the entire biomass in the two last weeks of the growth period, a 

greater number of cod are allowed to grow for a longer period, resulting in a larger 

biomass. The annual catch in Case IV is 406 tons and the corresponding market value 

is €715,624, or on average 1.76 €/kg.  

As before, feed related costs are the most significant expense item, in this case 

54% of all expenses. By allowing the herds to maximize their growth, additional feed 

is required, hence the higher proportion than in Cases I-II. Cost of chartering 

additional vessel for capturing account to 7% of the expenses. Total production cost 

is, therefore, slightly higher than in those cases, i.e. 1.26 €/kg. In terms of NPV, this 

scenario is the least feasible of the four options, where the initial biomass is 200 tons. 
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The NPV is €699,896 and the profit margin reaches 20.9%. Despite this scenario 

being profitable, it is considered quite risky, since harvesting occurs at a time when 

the probability of emigration from the herds is increasing. 

 

3.2.5 Case V: Ranching larger biomass with basic harvesting 
Case V is an extension of Case I, with the main difference that the initial biomass 

is 500 tons instead of 200 tons. Consequently, the quota yield is the same. Total 

volume harvested is 906 tons annually, generating revenues of €1,542,910. 

Operating revenues and production costs are 1.70 and 1.17 €/kg harvested cod, 

respectively. Feed and feed related costs are not as significant here as in previous 

cases, mainly because of the cost of chartering a boat for capturing. Nevertheless, 

feed related costs are still the main expenditure, accounting for 48% of expenses 

There are clear signs of economy of scale; the NPV is highest for Case V, 

€1,503,996, and the profit margin is 23.6%. 
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4 Discussion 
 

 

Ranching was demonstrated to be more profitable than on-growing and full-cycle 

farming of cod and also more profitable than commercial fishing with a Danish seine. 

Compared to traditional fishing, ranching has a few additional advantages. Quota 

efficiency is increased for the quota owner; of 1 kg of cod quota the rancher is able to 

produce additional 0.8-1.35 kg, depending on the operational form chosen. Increased 

growth rate results in larger cod being harvested, delivering relatively thicker fillets 

and therefore added value. Captured cod in ranching, when using a purse seine, are 

more likely to have a lower stress factor than when caught traditionally. That should 

result in a higher quality product. The rancher should be able to catch any given 

volume in step with market demands, which could be difficult to achieve for the 

fisherman. With rising oil prices and an increasing emphasis on environmentally 

friendly fishing, it is worth considering the oil consumption per kg of harvested cod. 

Ranching requires less than half of what is used in traditional fishing with Danish 

seine. Consequently, the cost of fishing is lower for ranching. 

One could also argue that fishing cod from protected feeding zones could be 

more consistent. The best conditions for conducting a ranching program are in 

relatively shallow water in a fjord where weather does not have as much impact as on 

open oceans. Therefore, it might be possible to capture fish in the reserved area when 

the weather on the main fishing grounds is bad. 

Ranching has a few advantages compared with traditional cod farming as well, 

whether on-growing or full-cycle farming. For example, when ranching, there is no or 

limited need for investment in sea cages. This, of course, depends on which 

operational form of ranching is chosen. The purchase of juveniles in full-cycle 

farming and the capturing cost of small cod in on-growing are large expense items in 

these operations. These costs are not associated with ranching, since the cod are free 

ranging. Compared with full-cycle farming, feed requirement is less in ranching on a 

dry weight basis, and the grow-out period is shorter as well. Cod farmed in sea cages 

cannot avoid hazards caused by unfavourable environmental conditions, such as 

variations in surface temperatures, drift ice etc., whereas cod being ranched can, e.g. 
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by diving to the ocean floor. Finally, there are no genetic effects, since only wild cod 

are ranched and perhaps there could be a marketing advantage for free ranging cod. 

Of course there are several shortcomings regarding ranching of cod. The high 

FCR results in high feeding cost and there can be a limited supply of feed if pelagic 

fisheries collapse for some reason. Ranching will not be achievable unless feeding 

areas are closed to commercial fishing. Currently it is prohibited to close off waters 

from commercial fishing, so governmental changes of laws must be provided. In 

addition, legislation regarding purse seining of cod must be passed. There is also the 

risk that fish that have grown accustomed to feeding and have been part of a herd may 

swim out of the reserved area and be caught by other fishermen. 
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5 Conclusion 
 

 

The present feasibility analysis suggests that cod ranching on a modest scale (200 

ton quota) can be a profitable industry, more profitable than cod fishing and much 

more profitable than full-cycle cod farming. Cod ranching on a larger scale (500 ton 

quota) is even more profitable. More research and development must be carried out 

before cod ranching can become an industry, however, e.g. the fishing method 

described above will have to be fully developed. It would be helpful if the Ministry of 

Fisheries and Agriculture endorsed a cod ranching program on a greater scale than 

was conducted in Arnarfjördur in 2005-2006. The Ministry would have to provide 

temporary legislation for closing off waters from commercial fishing, for example to 

reserve a whole fjord, and allocate a quota for the project. It seems reasonable to 

allocate annually 500 tons of quota for a 5 year pilot program. There is precedent for 

this kind of quota allocation in Iceland, since a 500 ton annual cod quota has been 

allocated for an on-growing project in sea cages that was implemented in 2002. A 

respectable fishing company would be contracted to carry out the ranching under the 

supervision of the Marine Research Institute. The experience gained from such a pilot 

study would without doubt facilitate official decision-making on the future of cod 

ranching. If cod ranching proves to be a successful industry in Iceland, this form of 

ranching is likely to be tested in other countries and for other species of fish. 
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Abstract 
 

 

A feasibility study of ranching wild cod in an open fjord was conducted based on 

a ranching experiment carried out in Arnarfjördur, Northwest Iceland, in the years 

2005-2006. For comparison, a similar feasibility study was made for three 

alternatives: on-growing of wild cod in sea cages; full-cycle cod farming with 

hatchery produced juveniles; and commercial cod fishery. It is assumed in the 

calculations that a 200 ton cod quota is either used for fishing, ranching or on-

growing in sea cages. The hypothesis is that ranching of cod by anthropogenic 

feeding can improve growth rates and enhance quota yield without the considerable 

investments required in cod farming. The results indicate ranching to be the most 

profitable, fishing as the second and on-growing as the third, whereas full-cycle 

farming appears to be unrewarding. The net present value (NPV in thousand Euros) of 

the four options was: €754, €387, €198 and €-2,036, respectively. Full-cycle cod 

farming is currently unprofitable, due to high production cost. The benefits and limits 

associated with ranching coastal cod are discussed and the technological requirements 

and the future prospects listed.  

 

Keywords: Cod farming; Feasibility; Fisheries; Profitability; Ranching of cod 
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1. Introduction 
 

 

The concept of ranching is based on attracting wild predatory fish, by feeding 

natural prey in specific locations in order to make the fish form herds. This 

experiment uses capelin (Mallotus villosus (Müller)) as prey for Atlantic cod (Gadus 

morhua L.). When the fish become familiar with the feeding routines, they will be 

attracted to the feeding stations, and their length and weight increase because of the 

nutritious feed. The benefits of this method of feeding are enhanced growth rate, 

rising value of the local stock, reduced predation on other valuable species, and lower 

cost of fishing. In order to secure the investment, it is necessary to close the feeding 

areas and their surroundings to commercial fishing.  

The objective of this paper is to answer and discuss the following three questions: 

(1) What is the profitability of cod ranching compared to the traditional cod fishery 

and conventional cod farming? (2) What are the future prospects of cod ranching in 

Iceland when taking into account profitability, the quota system, geographical 

conditions, technological innovation and how ranching fits within the legal 

framework? (3) Is it realistic to develop cod ranching as an industry in the future? 

 

Ranching of cod 
 

The idea of dispensing feed in open waters, which is the main concept of cod 

ranching, may be considered irrational by some people. Fishermen tend to oppose this 

as it limits their available fishing grounds and many fish farmers find it too risky to 

feed wild free-ranging fish, which they believe could leave the reserved area at any 

time. However, two pilot studies in Iceland have demonstrated that large numbers of 

cod can be attracted to feeding stations; the fish show high fidelity to the feeding 

stations during the growth period, they eat only the feed given and their growth rate 

increases enormously (Björnsson, 1999a; Björnsson, 2002; Björnsson, in press, 

Björnsson et al., in press).   

In the present study, a fisherman is given the choice of either fishing a fixed 

amount of cod with a Danish seine or ranching the same amount of fish for about six 
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months to approximately double the harvest. This is analogous to the on-growing of 

wild cod in sea pens, which has been practised in Iceland (Gunnarsson et al., 2009) 

and Norway (Dreyer et al., 2008) for several years on a modest scale. Wild cod, 

mainly 1.0-2.0 kg, have been captured and transported to sea cages for on-growing for 

a 6-12 month period, resulting in higher growth than of cod in the wild (Björnsson, 

1999b). The bottleneck has been the amount of workable fish captured for on-growing 

(Gunnarsson et al., 2009).  

The advantage of ranching compared to on-growing in sea pens is no cost of 

capturing live fish and no cost of building and maintaining sea pens. Furthermore, 

farming in sea pens is limited to sheltered areas only, whereas ranching is not. 

Unfavourable environmental conditions, such as storms, large waves, extreme 

temperatures or low oxygen content affect fish in sea pens, whereas fish being 

ranched can avoid these adverse conditions (e.g. by remaining near the bottom).   

The main advantage of on-growing wild fish, whether in sea pens or by ranching, 

is that about half of the harvested biomass is produced with wild prey, whereas the 

entire feed requirement in full-cycle farming must be provided. This can be crucial, 

since feed cost is the largest expenditure in fish farming. In full-cycle farming, 

substantial part of the feed is wasted on fish that die during the long production cycle 

and the cost of hatchery-produced juveniles can be considerable.   

Experience has shown that although commercial dry feed can be used in full-

cycle cod farming, it is unsuitable for the on-growing of wild cod in sea cages or 

herds. Whole inexpensive frozen fish, such as capelin or herring (Clupea harengus L.) 

has proven a suitable feed. The cost of transporting and storing is much higher for 

frozen fish than dry feed (on a dry weight basis). In certain locations, there is a supply 

of fresh fish by-products during part of the growth period that can decrease the feed 

costs. It has been proposed that by ranching the Icelandic cod stock on a larger scale, 

feed costs could be reduced to a minimum by contracting seiners to transport and 

release their catch directly in designated feeding areas (Björnsson, 2001). 

In a 17-month ranching study in Stödvarfjördur 1995-96 a total of 99 tons of 

frozen and fresh capelin and herring were dispensed, and subsequently 33 tons of cod 

and haddock (Melanogrammus aeglefinus (L.)) captured in the reserved area. The 

feed was flushed down to 23 m depth through a feeding hose (Björnsson, 1999a). In 
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the 21-month ranching experiment in Arnarfjördur 2005-06, on which this study is 

based, a total of 265 tons of frozen capelin and herring were dispensed and 

subsequently 253 tons of cod and haddock captured in the reserved area. The frozen 

feed was put in net bags and moored at the feeding stations (Björnsson, in press). 

In this paper the viability of ranching will be compared to the feasibility of 

operating a 30 t vessel with a 200 ton cod quota which is the normal yearly catch for 

this size of boat in Iceland. Danish seine is the assumed fishing gear. Another 

alternative is to use the 200 ton cod quota to form herds and feed them for 5-6 

months, harvesting the fish when they have doubled their weight, which has to be 

done before they leave the reserved area in November. In the third alternative, similar 

assumptions were made for on-growing in sea pens. In comparison, the practicability 

of producing 400 ton of cod in a full-cycle cod production is evaluated. In a second 

paper by the authors, the feasibility of different scenarios of cod ranching is compared 

emphasising harvesting methods and economy of scale (Halldórsson et al., in press). 

 

Cod farming  
 

Cod farming in Iceland is a relatively young industry and is still in the 

experimental phase. Experiments with cod juvenile production began in 1992 at the 

Marine Research Institute’s experimental hatchery at Stadur (Gunnarsson and 

Steinarsson, 2007). Since 1994, cod juveniles have been produced on a yearly basis in 

Iceland. The production grew considerably from the year 2002 and peaked in 2004 

when around 200 thousand juveniles were produced. For several years, rearing trials 

have been carried out in Iceland, where about one million wild fingerlings (5 g) have 

been captured annually and reared in a land-based farm prior to stocking in sea pens. 

The survival of these fingerlings until stocking has been highly variable; in the years 

2005 and 2006 nearly 500 thousand wild fingerlings were stocked in sea pens 

(Gunnarsson and Steinarsson, 2007).  

Two main methods of cod farming have been used in Iceland in recent years: (1) 

on-growing of cod captured at the size of 1.0-2.0 kg and reared in sea pens and (2) 

full-cycle cod farming using wild juveniles or juveniles produced in hatcheries. The 

total volume of wild-farmed cod harvested has been gradually increasing since the 

Ministry of Fisheries allocated annual quota of 500 tons for on-growing starting in the 
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year 2002. Since the initiation of the cod quota project, the volume of wild-farmed 

cod has increased from 200 tons to about 1,100 tons harvested in the year 2006 

(Gunnarsson et al., 2008).  

The production of market size cod in full-cycle cod farming has so far been 

limited in Iceland. The first experiments of placing juveniles in sea cages commenced 

in 2002, but a considerable amount of market size cod was not harvested from full-

cycle farming until 2006, i.e. 180 tons (Gunnarsson et al., 2007a).  

Internationally, Norway occupies a leading role in research and development of 

cod farming, producing in 2007 about 12 million cod juveniles in hatcheries and 

harvesting about 10 thousand tons of farmed cod (including capture-based 

farming)(Björnsson, 2008). During the years 2006-2007, scientists and fish farmers 

were optimistic about the cod farming industry and predicted that in 2013, cod 

juvenile production would reach 90 million fish (Rosenlund and Halldórsson, 2007). 

The corresponding production of market-size fish was estimated to be more than 200 

thousand tons per year in Norway (Rosenlund and Skretting, 2006). It was proposed 

that within the next 15-20 years the production of cod could reach similar levels as 

those of farmed salmon (Rosenlund and Skretting, 2006). Recent prognosis for 

Norway has been more modest, 15-30 thousand tons of cod per year, in the years 

2009-2011 (Borthen, 2008).  

Because cod farming is still in the experimental phase, its profitability cannot be 

measured in the same way as e.g. salmon farming, but will largely depend on the 

scale of the operation, how challenges such as sexual maturity and mortality are dealt 

with and how far the industry is capable of lowering production costs. A Norwegian 

feasibility study shows that full cycle cod farming, has a pay back period of 11 years 

and a positive net present value (NPV) (Engelsen et al., 2005). A feasibility study 

made for an Icelandic cod farming company indicates the opposite, i.e. that a cod 

farm in Iceland using hatchery-produced fingerlings will not be profitable until 

selective breeding has substantially increased growth rate (Ásgeirsson, 2006). 

Environmental conditions, such as sea temperature, are more favourable in Norway 

than in Iceland (Björnsson et al., 2007). 
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Cod fishery 
 

Rich fishing grounds surround Iceland and total fish catches have fluctuated 

between 1-2 million tons yearly since 1960, variations mainly due to catches of 

capelin and herring (www.fisheries.is). Cod is the most valuable fish stock. Total cod 

catches by the Icelandic and foreign fleet peaked at 550,000 tons in the early 1950’s. 

The average catches of cod by the Icelandic fleet have been approximately 270,000 

tons per year for the period 1945-2007. The Icelandic catches peaked in 1981 at about 

460,000 tons. In recent years, cod catches have been decreasing and in 2007 the total 

catch was about 174,400 tons, which is an all time low for the given period (Statistics 

Iceland, 2008a).  

The economic return from Icelandic demersal fisheries has been positive in recent 

years. The latest results for the year 2006 demonstrate that net profits increased from 

9.5% to 18.5% of income between the years 2005 and 2006. When considering the 

size category of our model-boat (10-200 GRT), the net profits using an annuity 

approach (imputed cost of capital) and a 6% rate of return results in profit of 15.6% of 

income (Statistics Iceland, 2008b). Norwegian statistics show that the overall 

economic return of fishing vessels >8 m has been gradually improving since 1980. 

That year the operating profit was about 1% but in 2006 the margin had increased to 

nearly 16% for the groundfish fishery (Fiskeridirektoratet, 2008a). The operating 

profit is defined as net profit (return) divided by operating revenues, expressed as a 

percentage. 

 

2. Methods  
 

 

The models are set up as a moderately small fishing company located in 

Arnarfjördur considering a few options for utilizing its quota more efficiently. The 

options are: (1) initiate a cod ranching program, (2) catch the available quota and on-

grow the cod in sea pens, (3) start a full-cycle cod farm in sea pens using juveniles 

purchased from a hatchery, (4) continue fishing as before. It is assumed that all 

options are carried out in Arnarfjördur. The company is in operation and its current 
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fishing vessel (30 GRT) is sufficient for all the above options. In some cases, minor 

adjustments of the boat are taken into account. The main assumption regarding all the 

four options is that the company owns the entire required fishing quota, i.e. 200 tons 

of cod (ungutted weight). A brief survey was made in order to find the average 

catches of a boat of this size fishing with a Danish seine in the Westfjord area. 

Catches of three Danish seiners for the years 2005-2007 were analyzed and catches of 

all species converted to cod equivalents. The average catch per year appeared to be 

178 ± 40 tons of cod equivalents. Cod equivalent is a value ratio of single species 

with the value of cod as a basis (Fiskistofa, 2008). 

When referring to market price of cod, it indicates the first hand price, i.e. the 

price the rancher receives for delivering fresh, ungutted cod at the market (Icelandic 

fish auction). The market price is dependent on fish size and although the price may 

change from day to day due to supply and demand, it is assumed here for 

simplification that the price is only weight dependent. Average weight of harvested 

cod in all farming activities is in the range from 3.2 kg to 4.3 kg and the price follows 

the following linear function: P = 0.1366W + 1.1823 where P is the market price 

(€/kg) and W is weight (kg) of cod (Verdlagsstofa skiptaverds, 2008). In all cases it is 

assumed that the market price is the same for ranched and wild cod although farmed 

cod has in recent years been sold for a price commonly 10-20% higher (Kjønhaug, 

2006; Kontali analyse, 2008). 

Investments for the first two years consist of fishing gear, forklift, sea pens and 

other equipment for cod farming. All investments are financed by the owner’s equity. 

It has been difficult to acquire borrowed capital in cod farming in Norway and Iceland 

(Gunnarsson and Jóakimsson, 2007), since profitability has not yet been achieved. 

Thus, it is reasonable to exclude loans for the operational possibilities. Borrowed 

capital could also bias the results because the time to build up required biomass varies 

between options, and therefore the need for borrowed capital would be variable. The 

discount rate for ranching, on-growing and full-cycle cod farming is set at 20.0% and 

15.0% for commercial fishing with a Danish seine. The reasons for the higher 

discount rate for the farming activities are that these are considered riskier than 

commercial fishing. 
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The catch is bled and iced onboard and sold, ungutted, on the same day at the 

Icelandic fish auction. Icelandic currency was converted to Euros at the exchange rate 

of 150 ISK/€, February 4, 2009 (Central Bank of Iceland, 2009). 

Table 1: A summary of the main parameters and assumptions in the model 
calculations for the four alternatives. 
 Ranching On-

growing 
Full-
cycle 

Fishing Reference: 

Time of harvest 
(months) 

2.25 1 5 12  

Rearing period 
(months) 

7 7-8 32 -  

Discount rate 
(%) 

20 20 20 15  

Cod quota 
(tons) 

200 200 - 200  

Initial mean 
weight (kg) 

2.00 2.00 0.18 2.00  

Final mean 
weight (kg) 

3.2-4.3 3.9-4.3 3.5 2.0  

Total mortality 
(% of initial 
number) 

5.0 5.01 20.0 – 
37.52 

- 1Gunnarsson et al., 2008 
2Fiskeridirektoratet, 2008 

FCR (per 
produced kg) 

3.203 3.203 1.154 - 3Gunnarsson et al., 2007b 
4Kristjánsson et al., 2006 

Type of feed Capelin Capelin Dry-
feed 

-  

Price of feed 
(€/kg) 

0.235 0.235 0.826 - 5S.Sigurdsson, 
Sildarvinnslan, pers. com. 
6G.Ö. Kristjánsson, Laxá, 
pers. com. 

Transportation 
of feed (€/kg) 

0.137 0.137 0.088 - 7K.G. Jóakimsson, HG, 
pers. com. 
8Eimskip, 2008 

Storage of feed 
(€/kg) 

0.039 0.039 0.013 - 9S. Vidarsson, 
Vinnslustödin, pers. com. 

Price of cod 
(€/kg) 

1.62-1.77 1.72-1.77 1.66 1.36 Verdlagsstofa 
skiptaverds, 2008 

Price of 
juveniles 
(€/individual) 

- - 1.0 - J. Jónasson, Stofnfiskur, 
pers. com. 

Number of sea 
cages 

0 4 
 

6 -  

Investments in 
sea cages (€) 

0 300,000 405,000 - 
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Density in full 
production 
(kg/m3) 

- 10.3 13.3 -  

First year 
investments (€) 

164,667 260,000 140,000 26,667  

Number of man-
years 

3 3 3 3  

Salaries (€) 83,333 132,787 83,333 91,415  
Cost of vessel 
adjustment (€) 

40,000 46,66710 46,66710 0 10Aasjord and Hansen 
2006 

 

Ranching 
 

During the first months of operation it will be necessary to put together the 

feeding equipment, since it is not commercially manufactured, including feed bags 

and a lift net for capturing. The equipment is relatively easy to assemble at a moderate 

price, with the expected cost for each feeding station €1,000 and the cost of making 

the lift net about €2,000 (Jón Thórdarson, Ródur ehf. personal communication). Other 

investments required are the purchase of a purse seine with powerblock and 

machinery such as a forklift. In the model it is assumed that a purse seine is the 

fishing equipment used. The optimal size of a purse seine for the fishing vessel is 

about 200 m long and 60 m deep (stretched mesh) and the expected cost of the seine 

is about €80,000, including wire and a powerblock (Jón Einar Marteinsson, Fjardanet 

ehf., personal communication). The harvesting procedure is based on hanging a feed 

bag from a free-floating buoy at a depth of about 5 m and when the herd has gathered 

around the bag, the seine will be circled around the herd and closed at the bottom. The 

bottom of the seine will be lifted until the fish density is enough to scoop up the fish 

with the lift net. At the end of the operation the feed bag is moored at the feed station 

to reward the remaining fish after the stressful experience. It must be emphasised that 

the above method of fishing has not been field-tested in ranching and some research 

and development may be necessary before it can be operated successfully. 

Feeding and conditioning of the fish is to begin in April, initially with a small 

amount of feed given on a daily basis in order to attract the wild cod. In the model 

calculations it is assumed that on May 25th the herds have been fully formed and the 

growth period begins. The growth period is considered to last until November 5th, 

when capturing from the herds ends, a total of 165 days. The feeding method involves 
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the following operations: at every feed station a feed bag, containing frozen capelin, is 

lowered to a required depth, where the surrounding cod gather around the bag and eat 

the capelin as it thaws. This method proved to be efficient in the Arnarfjördur project 

in 2005-06. It is assumed that the frozen feed is purchased in East Iceland and 

transported by ship to Bíldudalur twice a year where it is stored in a local freezer 

plant.  

 

Figure 1: The four cod ranching stations in Arnarfjördur at which food was 
supplied from April 2005 to December 2006. The area where commercial 
fishing was prohibited is demarcated with dotted lines (to reduce poaching the 
westerly boundary was moved westward on 30th November 2006). 

The mean growth rate is assumed to be 0.48% per day, or the same as estimated 

for 190 cod tagged in the herds during 24-27 July 2006 and recaptured in October-

November 2006. In an average period of 103 days, the mean weight increased from 

2747 to 4414 g and the mean length from 59.8 to 68.3 cm (Björnsson et al., in press). 

The herds had been re-established in May 2006 and thus it is likely that the initial 

mean weight had been about 2 kg. This growth rate is similar to the best results for 

on-growing of cod in sea cages (Gunnarsson et al., 2008).  

When the attraction period ends, in late May, and the growth period begins, it is 

assumed that in the eight established herds there are a total of 100,000 cod with an 

average weight of 2.0 kg. Results have shown that it is mainly large fish (>40 cm) that 

form the herds (Björnsson, in press). From that point on, feeding will be gradually 
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increased in proportion to the growing biomass in the herds and the feeding frequency 

reduced to three times a week. This should be easily achievable due to the method of 

feeding; when there are no leftovers in the feed bag, the ration will be increased. 

Mortality and losses were not measured in the ranching experiment, and thus it is 

difficult to estimate the extent of these factors. One could argue that when cod die or 

leave the herd, this would provide an opportunity for others to join. It is also 

reasonable to anticipate that mortality will be lower than normally occurs in nature 

(≈18%/year) due to the good condition of herd fish. Therefore, losses due to mortality 

will be assumed to be 5.0% of the population over the 5.5 month growth period. In 

August 2005, the average daily food consumption was 877.9 kg. During that period 

there were no feed remains in the feed bags so it is reasonable to assume a similar 

feed conversion ratio as found in laboratory experiments, i.e. 2.2 (Björnsson et al., 

2001). When taking into account the longer growth period, more variations in sea 

temperature because of longer duration and uneaten feed remains especially during 

the first weeks of ranching, a feed conversion ratio (FCR) of 3.2 is considered 

probable for the whole growth period.  

In the model, fishing the herds will start on September 1st each year and end on 

November 5th when the herds have been harvested in full. Further assumptions are 

that on each day 3,300 cod are caught and the average weight of captured cod is the 

same as the mean weight of cod in the herds. This means that catches increase in 

weight over time and the corresponding value of the catch increases, because the 

market price of cod rises with weight. 

 

On-growing  
 

For simplification, it is assumed in the model that the capturing of cod for on-

growing will take place in May and June each year. The actual time of capture may 

vary between years due to catchability, so it is probable that the time and cost of 

capturing is variable. The initial mean weight is assumed to be 2.0 kg and the total 

volume of captured cod 200 tons. The average weight of cod caught with Danish 

seine for on-growing ranged from 1.4 to 2.0 kg in 2006 (Gunnarsson et al., 2008). 

When fishing for on-growing, salaries paid is dependent on the value of the catch; 

33.5% of the value is paid as salaries for the crew (Sjómannasamband Íslands, 2004). 
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For a volume of 200 tons and an average weight of 2.0 kg, fishermen’s shares are 

€91,120. During the grow-out and harvesting period, employees are paid by the hour. 

The operation requires four sea pens. The circumference of each pen is 90 m and 

the corresponding volume is approximately 9,000 m3. The expected cost of each pen 

is €30,000 placed at sea and the durability of the net is five years (Kristján G. 

Jóakimsson, Hradfrystihúsid-Gunnvör, personal communication). Regular 

maintenance, i.e. cleaning and repairing, of the nets costs €6,667 every other year 

(Sævar Th. Ásgeirsson, Brim-codfarming, personal communication). Other 

maintenance of sea cages is assumed to be 7.0% of accumulated investments in cages. 

The cod are fed during the summer, fall and early winter and harvesting occurs in 

December when the average weight of the cod is 3.9 and 4.3 kg. The growth is 

estimated by using the growth model developed by Björnsson et al. (2007). This is 

similar to growth rates measured in on-growing farms in Iceland (Gunnarsson et al., 

2009). 

Mortality during capture and transportation is assumed to be 5.0% (Valdimar I. 

Gunnarsson, MRI, personal communication) and during the rearing period as 5.0%, 

based on experience with cod captured for on-growing with Danish seine in 2006 

(Gunnarsson et al., 2008). These figures reflect successful rearing without fish 

escaping or experiencing bacterial outbreaks. 

Feeding will be solely based on frozen capelin, bought from a processing plant in 

East Iceland and transported by ship to Bíldudalur, as in the case of ranching. FCR for 

cod in the first year of farming has varied between 3.0 and 4.0 in Iceland (Gunnarsson 

et al., 2007b). In this evaluation an FCR of 3.2 is assumed probable considering 

compensatory growth during the summer and sexual maturity in the latter stages of 

the growth period. 

 

Full-cycle farming 
 

If the company is considering the option of starting a full-cycle cod farm, there is 

in fact no need for it to own a quota for the project. Full-cycle cod farming requires 

purchases of cod juveniles, so it is not necessary to use quota to catch small cod for 

on-growing. It would be a desirable option to sell the quota on an open market and 
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thus generate substantial income during the first year and furnish the company with a 

valuable advantage for the operation. Still, in the feasibility analysis, this option will 

not be taken into account, as it would bias the overall results on the profitability of 

full-cycle cod farming and therefore the comparison between the alternatives. 

In the model calculations, cod juveniles are purchased from a hatchery at a mean 

weight of 120 g and placed in sea cages in the beginning of April each year. Three 90 

m circumference sea pens are purchased in the first year and another three in the 

second year. The maintenance of the pens is the same as in the former on-growing 

case. It is assumed that the annual production will be about 400 tons when the 

production is in full operation. The reason for this figure is to enable realistic 

comparisons with the other options, where ranching and on-growing of cod yield 

about 360 and 370 tons, respectively, based on a 200 ton quota. Growth estimates are 

based on experiments that took place in Ísafjardardjúp, Northwest Iceland, in the 

years 2002 to 2005 where the growth of wild caught juveniles was compared to that 

of hatched ones (Kristjánsson et al., 2006). It was decided to use the growth rates of 

the wild juveniles in the model, mainly because of the inferior quality of this year-

class of hatchery-produced juveniles (Agnar Steinarsson, Marine Research Institute, 

personal communication). No lights were used in these experiments to delay sexual 

maturation, and thus in their second winter the fish became sexually mature slowing 

down growth for several months. The time from stocking in sea pens until the fish 

reaches the market size of approximately 3.5 kg is about 32 months. Much faster 

growth rates in full-cycle cod farming have been obtained in sea pens in the Faroe 

Islands, where sea temperatures are more favourable than in Iceland, or from 0.06 to 

4.1 kg in 20 months (Gislason, 2008) with the help of lights to reduce sexual maturity. 

For comparison, the model calculations were also performed with this faster growth 

rate, using the following polynomial function to approximate the growth curve from 

the Faroe Islands: W=0.00001x3+0.0046x2+0.079x+57.714, where W is weight (g) 

and x days from rearing. 

In Norway, losses were 34% and 24% in 2006 and 2007 respectively, due to 

mortality, declassification, escapes, counting errors and other reasons 

(Fiskeridirektoratet, 2008b). The fisheries authorities have so far not documented 

losses in Iceland, but in one company, with the most experience in full-cycle cod 

farming in Iceland, losses have been reported in the range of 39-65% for each year-
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class during the grow-out period (Thórarinn Ólafsson, Hradfrystihúsid-Gunnvör, 

personal communication). Losses during the grow-out period in the model for full-

cycle cod farming are set at 37.5% for the first year-class, 30.0% for the second, 

25.0% for the third and 20.0% for the fourth year onwards. These figures are 

approximations, based on data from Norway and Iceland and on the assumption that 

selective breeding, development of vaccines and improvements in management 

practice will result in less mortality and a reduction in other losses.  

Commercial dry feed will be used in full-cycle farming and the FCR is assumed 

to be 1.15 based on the experiment in Ísafjardardjúp during 2002-2005 with wild 

caught cod fingerlings; the same experiment as in the growth estimation (Kristjánsson 

et al., 2006). This average value is used in the model for the whole growth period, 

although the FCR can vary with fish size and ambient temperature (Björnsson et al., 

2001).  

It is assumed that the juveniles of mean weight 120 g are transported by a 

wellboat from the southwest coast of Iceland. The cost of each individual is 1.0 € at 

the juvenile farm plus transportation cost of  €0.133 (Jónas Jónasson, Stofnfiskur hf., 

personal communication). The dry feed is assumed to be trucked from a factory 

located in Reykjavík (385 km) or Akureyri (513 km). 

 

Cod fishery 
 

In this case there is no change from previous years. The fishing company will 

catch the quota with a Danish seine as before. Minimum investments are needed 

during the operating time, except concerning fishing gear. Two sets of seines are 

purchased during the first year and one seine every year thereafter. From experience, 

the Danish seine seems to lose its efficiency after one year of use, thus it is important 

to renew it every year (Olgeir Haraldsson, Fjardanet ehf, personal communication).  

The crew consists of three persons, two fishermen and a captain. Salaries paid 

will depend on the value of the catch, as is common practice in the Icelandic fisheries. 

For a boat of this size, with the number of people in the crew taken into account, the 

proportion of catch value paid as salaries is 33.5% (Sjómannasamband Íslands, 2004). 

Oil cost is a large expenditure in fishing, or as much as 12% for boats of the size 10-
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200 GRT (Statistics Iceland, 2008b). Oil consumption by boats of that size has been 

estimated as 0.2 l per caught kilo of fish in Icelandic waters, for example when fishing 

with a Danish seine (Rúnarsson, 2001). That estimate is used in order to calculate oil 

consumption and oil cost in the feasibility studies. Maintenance for the first year is 

estimated at €10,000, which is based on the financial statements of Ródur ehf. during 

the years 2004-2006. Other maintenance includes periodical upkeeping of the vessel 

every other year and at last 7.0% of accumulated investments for each year.  

The operation period for every year is 12 months, i.e. the boat is fishing evenly 

during the calendar year. The average weight of caught cod is assumed to be 2.0 kg 

with the corresponding market price of 1.36 €/kg (Verdlagsstofa skiptaverds, 2008). 

To simplify the calculations no bycatch is assumed although it may be unrealistic. In 

Arnarfjördur Northwest Iceland the only significant bycatch when fishing for cod 

with Danish seine is haddock. The market price is lower for haddock than cod but so 

is the quota cost and therefore the assumption is not likely to invalidate the feasibility 

analysis. 

 

Data analysis 
 

The data used for making a profitability assessment for a ranching program, are 

based on the experiment conducted in Arnarfjördur in the years 2005-2006. These 

include biological data, such as fish sizes, growth rates, number of fish in the herds, 

fidelity of fish to the herds and number of cod in Arnarfjördur (Björnsson, in press; 

Björnsson et al., in press). The company chartered for the project, Ródur ehf., also 

kept detailed records regarding the operation for the given period. For the other three 

cases, i.e. fishing, on-growing and full-cycle farming, the annual financial statement 

from Ródur ehf. is used as a basis, along with numerous inputs from scientists, fish 

farmers and fishermen.  

A series of sensitivity analyses that study variations in critical parameters, such as 

sale price, growth, FCR, feed cost and oil cost were carried out. They demonstrate 

how a small variation in any of these parameters can cause a change in the overall 

profitability of the operation. The NPV reported in the sensitivity analyses reflects the 

expected net present value after tax and depreciation. 
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3. Results  
 

 

Profitability of cod ranching 
 

The ranching project delivers a total of 361 tons of cod per year, if the initial 

biomass is 200 tons (the available quota). This means quota efficiency of 1.81, which 

is good considering the short growth period. Average weight of captured cod 

increases from 3.2 to 4.3 kg in September to November when fishing takes place. The 

corresponding cod price rises from 1.62 to 1.77 €/kg. For the volume of 361 tons 

operating revenues amount to €614,444 per year (Appendix A). 

Salaries account for 20% of the expenses, €83,333 a year. Yearly salaries are 

assumed to be €23,333 per worker, a total of two man years, and for the captain of the 

fishing vessel €36,667. These are reasonable wages based on experience in the 

fisheries sector in Iceland. Feed cost is the largest expenditure, on average 31% of the 

operating expenses. Since there is no capelin freezing plant in the Westfjord area, 

transportation cost is high, 18% of total expenditure and with the addition of the 

purchasing expense of feed and storage cost, total feed-related cost account to 53% of 

the operating expenses. The total production cost for harvested cod is on average 1.15 

€/kg. 

On average, ranching of cod generates net profits of €149,635 yearly. The cash 

flow analysis indicates that cod ranching is cost-effective with the NPV €753,692 and 

a profit margin of 24.4%. Sensitivity analyses provide further indication on the risk 

associated with cod ranching. Here the focus is on growth rate, FCR, feed cost, 

market price and capture success of conditioned cod; the factors considered most 

important in the profitability model. The profitability is most sensitive to changes in 

market price and capture success.  
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Figure 2: Sensitivity in NPV to changes in market price, feed cost, growth rate, 
FCR and capture success in cod ranching. 
 

Even if the market price decreases by 20% the NPV is still positive by €188,321. 

A capture success of 75% results in a non-viable operation. Other factors analyzed do 

not have such a dramatic effect on profitability.  

 

Profitability of on-growing 
 

The total yield in this case will be 370.6 tons per year and the quota efficiency 

1.85. The cod reach market size of 3.9-4.3 kg in December (Table 1). The average 

operating revenues generated from sales are 646,125 €/year (Appendix B). For the 15 

year operating period the average annual cost of capturing cod for on-growing is 0.68 

€/kg, including fishermen’s shares, oil cost, fishing gear and adjustment of the fishing 

vessel. The feed cost for on-growing is 26% of the expenses and feed related cost 

amounts to 44%. 
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Table 2: Percentage expenditure of the operating expenses for the four 
alternatives. 

 Ranching On-growing Full-cycle Fishing 

Salaries 20.1 25.4 9.9 50.8 

Oil 3.6 6.3 1.3 14.1 

Juveniles - - 18.5 - 

Feed cost 30.9 26.0 44.4 - 

Insurances 4.8 3.8 2.5 9.3 

Transportation 17.7 14.8 6.3 - 

Storage 3.8 3.2 1.3 - 

Sales cost 5.8 4.7 3.3 7.4 

Fishery cost - 1.7 - 4.8 

Ice 1.0 0.8 0.6 1.3 

Maintenance 5.0 7.0 4.5 8.7 

Other expenses 7.3 6.3 8.0 3.6 

Total 100 100 100 100 

Average production cost of harvested cod is 1.41 €/kg. The operation returns 

profits from the first year on, on average €86,147. These results indicate that on-

growing of cod is a feasible option with profit margin of 13.3%. The NPV of the 

project supports this, the outcome is positive by €197,836 and the internal rate of 

return (IRR) 57%, which is promising considering that the discount rate was set at 

20%.  
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Figure 3: Sensitivity in NPV to changes in market price, feed cost, growth rate 
and FCR in on-growing of cod. 

Sensitivity analyses include the most significant parts of the operation statement, 

i.e. the market price of cod, feed cost, growth rate and FCR. As for ranching, the 

profitability of on-growing depends mainly on the market price of cod. The effect of 

feed cost, FCR and growth rate is of a similar degree; changes in these factors can 

have a significant impact on overall profitability.  

 

Profitability of full-cycle farming 
 

In Iceland, it has taken 120 g cod about 32 months to reach market size of 3.5 kg. 

Consequently, there will be no harvesting during the first two operating years and no 

revenues are generated. From the third year on, when the operation has reached full 

scale, approximately 400 tons of cod are harvested annually. With all revenues 

coming from sales, the total operating revenues are on average €665,048 (excluding 

the first two years). 

Feed cost is by far the largest expenditure, comprising about 44% of total 

operating expenses. Including transportation and storage, feed related costs are 52% 

of total expenses. For the first two years when harvesting has not begun, only two 

men are employed in the project. When the production is in full scale, a third man is 
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employed. Salaries and juveniles are the other two most important expenditures; 10% 

and 18% of the total operating expenses, respectively. Average production cost for 

harvested fish is 2.02 €/kg.  

The results indicate that full-cycle cod farming is not at all profitable with the 

NPV of the project being €-2,036,093 (Appendix C). Further evidence to support this 

is that losses after depreciation and taxes are about €-210,000 every year when in full 

production. The profitability is most sensitive to market price and FCR.  

 

Figure 4: Sensitivity in NPV to changes in market price, feed cost, growth rate, 
juvenile cost and FCR in full-cycle cod farming. 

The overall result for the sensitivity analyses is that any changes in the factors do 

not have critical improvements on the profitability of full-cycle cod farming. Even for 

an extreme scenario in which growth rate would rise by 20% and feed cost and 

juvenile cost decrease by 20% simultaneously, the NPV would still being negative by 

€1,417,115.  
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weight of cod of 2.0 kg and the corresponding market price 1.36 €/kg, total operating 

revenues amount to €272,880 for each of the 15 operating years (Appendix D). 

The largest part of the operating expenses is fishermen’s shares, on average 51% 

of the expenses. Oil, insurance and maintenance constitute on average 14%, 9% and 

9% of the expenses, respectively.  Over the 15 year period, annual average operating 

expenses are  €180,017. As expected, there is net profit of fishing, on average €71,485 

per year and the profit margin is 26.2%. The NPV with a 15.0% discount rate is 

€386,642. In the sensitivity analysis for fishing, the focus is on oil price, total annual 

catch and market price of cod. Salaries are not included, because fishermen’s shares 

are fixed according to regulations. The profitability of fishing was more sensitive to 

market price and total catch of cod and less sensitive to oil costs. Fishing with a 

Danish seine, as is assumed here, appears to be a relatively low risk business, given 

the quantity of cod caught and considering the current market price.  

 

Figure 5: Sensitivity in NPV to changes in total catch and in market- and oil 
price in commercial fishery using Danish seine as fishing gear. 
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4. Discussion 
 

 

The results indicate that both ranching and on-growing of cod have the potential 

to be profitable industries. As expected, the traditional fisheries return profits as well. 

Ranching of cod generates profits from the first year on, averaging about 150,000 

€/year. When considering the net present value of the operation, it is clear that of the 

four options, ranching is the most feasible one. Annual returns are favourable for 

ranching compared to fishing and on-growing (Table 3).  

Table 3:  Economic results for the four options, presented as an average for 
the 15 year operating period. 

 Ranching On-growing Full-cycle Fishing 

Operating revenues (€) 614,444 646,125 576,375 272,880 

Operating expenses (€) 414,452 522,714 810,619 180,017 

EBITDA (€) 199,992 123,411 -234,244 92,863 

Net operating profits (€) 149,635 86,147 -257,952 71,485 

Profit margin (%) 24.4 13.3 -44.8 26.2 

NPV (€) 753,692 197,836 -2,036,093 386,642 

IRR (%) - 57 - - 

For the factors studied in the sensitivity analyses, cod ranching is relatively 

stable. One of the most influential factors with regard to profitability is the market 

price of cod. Ranching is profitable until the market price decreases by 27%, with 

other factors unchanged. There are other factors that are considered risky in respect to 

cod ranching, e.g. that fish can leave the feeding stations or the reserved area. These 

risks are addressed later in the chapter. 

Cod ranching is based on extensive feeding of free ranging cod is not common 

and had, until the Arnarfjördur project in 2005-06, only been attempted once before, 

in Stödvarfjördur, East Iceland during 1995-1996 (Björnsson, 1999a). In a subsequent 

feasibility study cod ranching was compared with rearing of cod in sea pens or land 

based facilities; the results indicated that ranching was the most feasible of the three 

cases but it had to be applied on a large scale to be profitable (Knútsson, 1997). 

The NPV for on-growing of cod is positive by €197,836 and the operation returns 

profits, on average €86,147. When comparing the NPV’s of the four operation 
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possibilities, on-growing has the third best result, after ranching and traditional 

fishing. Despite these results, the Icelandic on-growing industry has, thus far, not 

been prosperous. Of the numerous companies that have initiated on-growing 

programs, only 35% of those remain in operation.  

It seems reasonable to assume that full-cycle cod farming in Iceland is not 

profitable, nor will be, in the nearest future. The market price of cod has the greatest 

influence on the return of cod farming, a factor that farmers cannot control. So it is 

clear that if profitability is to be achieved, farmers must seek all possible ways to 

lower the production costs, which are currently far too high.  

Feed related cost is about 50% of operating expenses, so it is clear that if the 

production cost of feed can be lowered, e.g. by substituting fishmeal with meal from 

vegetable origin, production cost can be substantially reduced in full-cycle cod 

farming. Of course the quality of the feed must be the same and it is not acceptable 

that growth rates are reduced by the feed substitution. The world market price of 

fishmeal was about 1,000 USD/ton and the corresponding price for soy meal was 

about 350 USD/ton in January 2009 (Josupheit, 2008). If full-cycle cod farming is to 

be a realistic option in the future, juvenile quality must improve drastically in terms of 

enhanced growth rate and better survival. In Iceland, the supply of juveniles must also 

increase and become more stable.  

Full-cycle cod farming worldwide is still at the starting stage. In Norwegian 

salmon farming in the early 1980’s, production volume was low, similar to conditions 

in cod aquaculture today. The initial status of salmon aquaculture was that market 

price was high, production cost was high and the supply of wild caught salmon was 

low. During the expansion phase of salmon farming, from 1982 to 2001, production 

costs and export prices fell from about 8 €/kg and 12 €/kg to about 3 €/kg and 4 €/kg, 

respectively (Engelsen et al., 2004). The decline in the price of salmon has been 

necessary to induce greater consumption of the product. For this to be profitable, 

production costs also have to be substantially reduced. For cod today, the market price 

is moderately high, production cost is high and the supply of wild caught cod is high, 

at least when compared to farmed volume. So if full-cycle cod farming is to be a 

viable industry, it is essential to lower the production cost by all means necessary. 
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To obtain a better global perspective on full-cycle farming, the model was 

recalculated for the sea temperatures in Norway, i.e. growth rate was simulated using 

the growth model presented by Björnsson et al. (2007) and with temperature data 

from Bud (N 62°56’, E 6°47’) at the west coast (Institute of Marine Research, 2009). 

Other parameters are fixed, i.e. are the same as in the original model. The result is that 

full-cycle farming is not profitable in Norway with the NPV €-1,446,754 and 

production cost 1.95 €/kg. These results are a slight improvement compared to the 

Icelandic case, where the NPV is negative by €2,036,093 and production cost is 2.02 

€/kg. When using the high growth rates reported for farmed cod in the Faroe Islands 

(Gislason, 2008) the outcome improves substantially but still the operation is 

unprofitable with the NPV negative by €753,338 and production cost of 1.74 €/kg. It 

is believed that until production cost reaches 15 NOK/kg (1.71€/kg), cod farming will 

remain a risky business (L. Liabø, Kontali Analyse, presentation at the conference 

‘Cod farming in Nordic countries’, Reykjavik, 2008). A recent study on the 

economics of full-cycle cod farming in Norway estimated production cost at 2.19 €/kg 

(Olsen, 2008). A Norwegian cod farming company expected the production cost to be 

20 NOK/kg (2.27€/kg) in the year 2008 (Codfarmers, 2008). 

Traditional Danish seine fisheries constitute the second best option of the four 

possibilities analyzed in terms of net present value. This is the most reliable choice 

when comparing the sensitivity analyses for all the options, which is as expected since 

it is the most proven operational form of the four. When considering boats of the 

same size category as the boat in the model, the profit margin was 18.5% for the 

groundfish fishery the year 2006 (Statistics Iceland, 2008b), considerably lower than 

the 26.2% profit margin of the model. The reason for this difference is that in our case 

it is assumed that the fishing operator owns the entire quota required and therefore 

there is no cost associated with renting or purchasing catch permits. The analysis 

indicates that the profit margin is higher for fishing than ranching although the NPV 

suggests that ranching is more profitable. This difference is due to the low operating 

costs of fishing.  
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Table 4: Key figures in cod ranching, on-growing, full-cycle farming and 
fishing of cod in Iceland in comparison with Norwegian salmon farming. 

 Ranching On-
growing 

Full-
cycle 

Fishing Salmon farming1 

Quota efficiency 1.81 1.85 - 1.00 

 

- 

Feed requirement 
(kg wet wt. per 
slaughtered kg) 

1.44 1.57 1.19 0.00 - 

Feed requirement 
(kg dry wt. per 
slaughtered kg) 

0.43 0.47 1.07 0.00 - 

Feeding cost per 
kilo harvested2 
(€) 

0.60 0.62 1.05 0.00 1.02 

Oil consumption3 
(l/kg) 

0.07 0.144 0.04 0.2 - 

Production per 
man-year (tons) 

54 61 128 67 446 

Salaries per kilo 
harvested (€) 

0.23 0.36 0.20 0.46 0.16 

Production cost 
per kilo harvested 
(€) 

1.15 1.41 2.02 0.90 1.79 

1Values from Norwegian salmon farming 2007, converted to real value 
(Fiskeridirektoratet, 2008c). 2Including transportation and storage. 3Excluding 
transportation. 4Including capture of cod for on-growing.  

The four options are compared with statistics for Norwegian salmon farming, as 

that industry is well established and has become cost-efficient after more than 30 

years of development (Table 4). On a wet weight basis the feed requirement per 

harvested kg is 21% larger for ranching than full-cycle farming. As the water content 

in whole capelin, however, is about 70% compared to 10% in dry feed, the feed 

requirement on a dry weight basis is only 0.43 for ranching, compared to 1.07 for full-

cycle farming (Table 4). The main reason for this difference is that the initial mean 

weight is much larger in ranching (2.0 kg) than full-cycle farming (0.12 kg) and thus 

more than half of the biomass slaughtered in ranching was produced by wild prey. 

This is also the main reason why the feeding cost per kg harvested is much lower in 

ranching than full-cycle cod farming and salmon farming (Table 4). 
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Production per man-year, in terms of biomass increase, is similar for ranching, 

on-growing and fishing (54-67 tons) while it is highest in full-cycle farming (128 

tons). This is as expected, since in full-cycle farming the biomass is built up from 

juveniles over a three year period. The salmon farming industry has clearly reached 

another level, where utilisation of every man-year produces almost 450 tons/year. 

Perhaps this can be achieved in future cod farming, since the farming methods are 

similar. Production per man-year was about 40 tons in the Icelandic on-growing 

industry in the year 2007 (Gunnarsson et al., 2009). 

Salaries per kg harvested were highest for fishing and lowest for salmon farming 

(Table 4). However, production cost per kg harvested was lowest for fishing with 

Danish seine (0.9 €/kg) and highest for full-cycle cod farming (2.0 €/kg). There is of 

course no feeding cost for fishing, which is the main cost item for the other options. 

For the three grow-out operations, cod ranching has 18% lower production cost than 

on-growing in sea cages while production cost is 76% higher for full-cycle cod 

farming than ranching. The production cost is 11% lower in salmon farming than in 

the model calculations for full-cycle cod farming (Table 4). 

 

Ranching: benefits and shortcomings  
 

The main benefits of cod ranching compared to traditional fishing are multiple. 

The limited cod quota can be increased substantially by feeding, and in the model 

results quota efficiency is 1.81 for ranching compared with 1.0 for fishing. Thus, 

instead of harvesting the fish at 2.0 kg mean weight and a unit price of €1.36/kg, the 

fish are harvested at a mean weight of 4.3 kg and unit price €1.77/kg. Of course the 

feeding is going to cost some money, but without the costs associated with sea cages, 

and by utilizing the full growth potential of the fish from spring to autumn and 

harvesting them before they start to develop gonads, the FCR will be as low as 

possible.   

During the harvesting period, the supply of cod can be more stable, since it is 

relatively easy to catch any given volume on demand. It is a drawback, however, that 

the harvesting period is relatively short and this form of ranching cannot supply fresh 

cod all year round. Other forms of ranching, such as bringing some of the catch into 
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sea cages for storage and slaughtering on demand are possible, but those are beyond 

the scope of this paper. 

Ever since the Icelandic quota system was implemented in 1984, discards have 

been considerable, especially of small cod and haddock. Since 2001, discards have 

been estimated systematically. Discards of cod caught in Danish seine were highest in 

the years 2001 and 2002, about 8% of landed catch by weight (about 24% in terms of 

landed number of fish). In some years, discards of haddock have been even higher  

(Pálsson et al., 2008). Mortalities of herdfish captured near the surface by purse seine 

are thought to be negligible. Thus, ranching of cod can minimize discards by releasing 

small cod back into the herd where they continue to feed and grow until they have 

reached the desired weight. Furthermore, transportation of live cod for on-growing in 

sea pens usually results in some mortalities (Gunnarsson et al., 2009) which are not 

associated with the ranching of cod. 

Compared to traditional cod farming, whether on-growing or full-cycle farming, 

ranching has a few advantages. There is negligible investment required in ranching 

compared to in conventional farming, where sea pens must be purchased and 

maintained. Furthermore, there is no need to catch small cod for on-growing or 

purchase juveniles as in full-cycle farming. Unfavourable environmental conditions, 

such as drift ice, variation in surface temperature etc., can have a dramatic effect on 

cage-based aquaculture. Since cod are free ranging when ranched, they can avoid 

these kinds of hazards. The grow-out period is only 5-6 months in ranching but 20-32 

months in full-cycle cod farming (Faroe Islands vs. Iceland). Thus, financing will be 

easier and capital cost less for ranching than for full-cycle farming. A longer rearing 

time will increase the risk of catastrophic events, such as bacterial outbreaks, 

damaged sea cages, escapes of fish etc. 

Borrowed capital was excluded from the model calculations in order to keep the 

profitability analyses between the options unbiased. When capital coming from loans 

is included, long-term investment loans appear to have positive effect on the NPV of 

the choices, however, short-term loans for financing operating expenses have negative 

impact. The prosperity of the options is therefore reliant on how long it will take the 

company to pay up short-term operational loans. For cage based farming, short-term 

loans are needed every year but for ranching, the company should by able to elude 

these loans from the sixth year onward. 
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There are of course several shortcomings regarding the ranching of cod. Feeding 

costs are high due to the requirement of using frozen fish with high transportation and 

storage cost. Since the water content of frozen fish is about 70%, transportation and 

storage cost is much higher on a dry weight basis than for dry feed used in full-cycle 

farming. Much progress would be made with regard to the profitability of ranching if 

feed cost could be lowered. The distance from the capelin processing plant to the 

ranching site is of crucial importance, since transportation cost is dependent on 

distance. If cod ranching could be carried out near a capelin processing plant, 

transportation and storage costs could be lowered and the capelin could be trucked on 

demand. For longer distances (>200 km), the capelin must be transported by ships in 

minimum portions of 300 tons to minimize transportation costs. This would require a 

large freezer space near the cod ranch.  

For human consumption, or to be used as bait, capelin is normally frozen in 10 kg 

blocks, wrapped in plastic bags. For ranching this is inconvenient, because the plastic 

film must be removed before placing the capelin in the feed bags and the packaging 

comes at extra cost. If ranching became a large industry, it would be possible to freeze 

the capelin without the plastic bags and instead wrap the whole palette (1000 kg) in 

plastic to ensure freshness of the feed. Then the whole content of the palette could be 

put in one feed bag with little effort. In some cases, it may be feasible to purchase 

fresh or frozen capelin directly from seiners or freezer trawlers fishing in the 

surrounding area, and sometimes by-products from fish processing can be purchased 

cheaply, such as when freezer trawlers are filleting herring in the neighbourhood. 

Another difficulty in using capelin as main feed source is that in some years the 

supply may be limited. Since 1973 the lowest catches of capelin were in the years 

1982, 2009 and 1983 when 13, 15 and 130 thousand tons were landed in Iceland, 

respectively. However, in 80% of the years the capelin catches were above 400 

thousand tons (Statistics Iceland, 2008c). The ranching study in Arnarfjördur showed 

that frozen herring can be used as an alternative feed for cod. The Icelandic fleet 

catches annually about 100 thousand tons from the Icelandic herring stock and about 

200 thousand tons from the Norwegian spring spawning herring stock (Anonymous, 

2008). Other pelagic stocks, which are fished for fishmeal production, such as blue 

whiting (Micromesistius poutassou (Risso)) and pearlsides (Maurolicus muelleri 

(Gmelin)), may also be suitable as feed for the ranching of cod in Iceland.   
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There is always the risk that fish, which have grown accustomed to feeding and 

form part of a herd, may swim out of the protected area and be caught by other 

fishermen. However, two ranching studies in Iceland have shown that from the time 

the herds were established in spring, there was limited emigration until in the fall 

(Björnsson, 1999a; Björnsson, in press). Recaptures of cod tagged in the herds in 

Arnarfjördur in summer 2006 clearly demonstrated that the conditioned cod showed 

high fidelity to their herd and the risk of being captured by the commercial fleet 

outside the reserved area was very low during the main growth period (Björnsson et 

al., in press). In the ranching experiment it was not possible to catch all of the 

conditioned cod, so the result of the profitability analysis should be regarded with 

caution, since losses are assumed to be only 5%. The sensitivity analyses imply that if 

the rancher can only catch 75% of conditioned cod, the operation is non-viable. Even 

if some of the conditioned cod leave the herds and are caught by the fishing fleet, it 

will be a bonus to the fishermen fishing outside the reserved area. At the same time, it 

is likely that immigration of fish to the herds may occur, which will be a bonus to the 

rancher. As long as there is consensus about the amount of feed given, FCR and quota 

efficiency, the emigration/immigration is not a problem and the rancher can catch the 

original quota (200 tons) plus additional production (161 tons) created by feeding. 

If ranching is to be a realistic option in the future, it will be necessary to close off 

the feeding areas and their surroundings from commercial fishing to protect the 

rancher’s investment. The experience from the ranching study in Arnarfjördur shows 

that a large surrounding area must be reserved to prevent poaching (Björnsson, in 

press). Areal closures are always controversial, and many fishermen will feel that 

their right to fish has been violated. However, cod ranching can also be looked upon 

as an opportunity for fishermen, since they are the ones who will implement the idea. 

It is also well known among fishermen that inshore fishing does not normally give the 

best catch, the fish are often small and slender and disliked by fish processors.  

Normally, the fjords are fished only during winter when the weather does not permit 

going out to deeper waters where larger and more expensive fish can be caught. Many 

temporary area closures have been implemented in Icelandic fjords to protect juvenile 

fish and to reduce incentives to discard (Schopka, 2007). Some people are of the 

opinion that fishing should be prohibited in all fjords to protect the nursery grounds.   
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Currently it is not permitted in Iceland to close off waters for the purpose of 

ranching. Similarly, fishing cod with a purse seine is prohibited, but there is precedent 

for such fishing in Iceland during the 1960’s (Thorsteinsson, 1971). Thus, before 

ranching of cod can become a viable industry, new laws about these matters must be 

passed. Politically, the issue of closing off waters is highly sensitive and such a bill 

will not be put forth unless fishing companies and fishermen are for it. However, if it 

can be demonstrated that the benefits of ranching are greater than the shortcomings, 

there is a fair chance that such laws will be passed. 

 

Technological progress 
 

For cod ranching to be viable, it is essential to capture the cod in an easy and 

cost-efficient way. The possibility described before of luring the herd to the surface 

with a feed bag and capturing the fish with a purse seine has not been field-tested. 

Once the herd has been trapped, it would be easy to increase the density of fish in the 

seine and use a lift net to scoop up the fish. The idea of using a fish pump was 

examined, a technique well known from the salmon farming industry. The conclusion 

was that for the modest scale of ranching considered in this paper, the fish pump 

would not improve cost efficiency; the price of a pump is high and the captured 

volume per day is too low to justify its use. It is also possible to use the lift net as 

stand-alone fishing gear, i.e. without the use of a seine. Then a bait bag is deployed 

slightly above the lift net and when the fish have gathered in enough density, the lift 

net is raised. This method was used in the ranching experiment and proved fairly 

efficient, but it is probably not an option on a larger scale, since the mean catch per 

day was only 978 kg of cod (Björnsson, in press). 

The economic feasibility of cod ranching will depend on how efficiently the fish 

are attracted to the feeding stations and on the number of herds and the biomass in 

each herd.  Cod can be trained to associate sound with feeding (Midling et al., 1987; 

Alfredsen, 2000). Low frequency sound within the hearing range of cod, 30-470 Hz 

(Chapman and Hawkins, 1973) can travel long distances in seawater. It is likely that a 

special buoy that transmits low frequency sound pulses at a feed station can be useful 

in attracting more fish to the station. Gradually the fish in the fjord will learn the 
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meaning of the specific sound signal. Such a buoy is currently under development by 

the second author in association with the company Star-Oddi (www.star-oddi.com).  

 

Future prospects 
 

The current feasibility analysis suggests that cod ranching on a modest scale (200 

ton quota) can be a profitable industry, more so than cod fishing and much more 

profitable than full-cycle cod farming. Cod ranching on a larger scale (500 ton quota) 

is even more lucrative (Halldórsson et al., in press). More research and development 

must be carried out, however, before cod ranching can become an industry, e.g. to 

fully develop the fishing method described above. It would be preferable that the 

Ministry of Fisheries and Agriculture endorsed a cod ranching program on a greater 

scale than was conducted in Arnarfjördur in 2005-2006. The Ministry would have to 

provide temporary legislation for closing off waters from commercial fishing, for 

example reserving an entire fjord, and allocate quota for the project. It seems 

reasonable to allocate annually 500 tons of quota for a 5 year pilot program. There is 

precedent for this kind of quota allocation in Iceland, since a 500 ton annual cod 

quota has been allocated for an on-growing project in sea cages that was implemented 

in 2002. A respectable fishing company would be contracted to carry out the ranching 

under the supervision of the Marine Research Institute. The experience gained from 

such a pilot study would without a doubt make choices regarding the future of cod 

ranching easier for the authorities. If cod ranching proves to be a successful industry 

in Iceland, this idea of ranching is likely to be tested in other countries and for other 

species of fish. 
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Appendix A 
Operating statement and cash flow analysis for cod ranching. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Harvested cod (kg)  361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102  
                
Operating revenues                
Sales  614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444  
Total operating revenues  614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444  
                
Operating expenses                
Salaries  83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333  
Oil  14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868  
Feed cost  128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077  
Insurance  20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000  
Transportation  73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187  
Storage  15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735  
Sales cost  24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073  
Ice  4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213  
Maintenance  11,527   21,527   11,993   21,993   13,113   23,580   13,580   23,720   15,307   29,973   19,973   30,440   21,560   31,560   22,027  
Other expenses  28,321   30,321   28,414   30,414   28,638   30,731   28,731   30,759   29,077   32,010   30,010   32,103   30,327   32,327   30,421  
Total operating expenses  403,334   415,334   403,894   415,894   405,238   417,798   405,798   417,966   407,870   425,470   413,470   426,030   415,374   427,374   415,934  
                
Profits (-losses) before depreciation  211,110   199,110   210,550   198,550   209,206   196,646   208,646   196,478   206,574   188,974   200,974   188,414   199,070   187,070   198,510  

Depreciation  24,003   22,563   21,295   20,180   19,199   18,335   17,576   16,907   16,318   15,800   15,345   14,944   14,591   14,280   11,319  
                
Profits (-losses) before taxes  187,107   176,547   189,254   178,370   190,007   178,310   191,070   179,571   190,256   173,173   185,629   173,470   184,479   172,790   187,191  

Taxes 18%  33,679   31,778   34,066   32,107   34,201   32,096   34,393   32,323   34,246   31,171   33,413   31,225   33,206   31,102   33,694  
                
Net profits (-losses)  153,428   144,769   155,189   146,263   155,806   146,215   156,678   147,248   156,010   142,002   152,216   142,246   151,273   141,688   153,497  
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Cash flow analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
                
Cash flow from operation                
Net profits (-losses)  153,428   144,769   155,189   146,263   155,806   146,215   156,678   147,248   156,010   142,002   152,216   142,246   151,273   141,688   153,497  
Depreciation  24,003   22,563   21,295   20,180   19,199   18,335   17,576   16,907   16,318   15,800   15,345   14,944   14,591   14,280   11,319  

Net cash flow from operation  177,431   167,331   176,484   166,443   175,005   164,550   174,253   164,155   172,328   157,803   167,561   157,189   165,864   155,968   164,816  
                
Investments                
Fishing vessel   -6,667    -6,667    -6,667    -6,667    -6,667  
Machinery and equipment -66,667          -66,667       
Fishing gear -80,000                
Ranching equipment -18,000        -16,000      -2,000  -16,000        -16,000      

Total investments -164,667   -  -6,667   -  -16,000  -6,667   -  -2,000  -22,667  -66,667   -  -6,667  -16,000   -  -6,667  
                
Cash flow  12,764   167,331   169,817   166,443   159,005   157,883   174,253   162,155   149,661   91,136   167,561   150,523   149,864   155,968   158,149  
                
Accumulated cash flow  12,764   180,095   349,913   516,356   675,361   833,244   1,007,497   1,169,652   1,319,314   1,410,450   1,578,010   1,728,533   1,878,396   2,034,364   2,192,513  
Discounted cash flow  12,764   139,443   117,929   96,321   76,680   63,450   58,357   45,255   34,806   17,663   27,062   20,259   16,808   14,577   12,318  
                
NPV  753,692                
IRR #DIV/0!               
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Appendix B 
Operating statement and cash flow analysis for on-growing of cod. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Harvested cod (kg)  370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607   370,607  
                
Operating revenues                
Sales  646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125  
Total operating revenues  646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125   646,125  
                
Operating expenses                
Salaries  132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787   132,787  
Oil  32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899   32,899  
Feed cost  135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803   135,803  
Insurance  20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000  
Transportation cost  77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602   77,602  
Storage cost  16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684   16,684  
Sales cost  24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707   24,707  
Fishery cost  13,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333  
Ice  4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324   4,324  
Maintenance  16,333   39,667   30,133   40,133   30,133   40,600   30,600   40,600   31,067   45,733   35,733   46,200   36,200   46,200   36,667  
Other expenses  30,835   33,169   32,215   33,215   32,215   33,262   32,262   33,262   32,309   33,775   32,775   33,822   32,822   33,822   32,869  
Total operating expenses  505,307   525,974   515,487   526,487   515,487   527,000   516,000   527,000   516,514   532,647   521,647   533,160   522,160   533,160   522,674  
                
Profits (-losses) before depreciation  140,818   120,151   130,638   119,638   130,638   119,125   130,125   119,125   129,611   113,478   124,478   112,965   123,965   112,965   123,451  

Depreciation  24,667   23,227   21,959   20,844   19,863   18,999   18,240   17,571   16,982   16,464   16,009   15,608   15,255   14,944   14,671  
                
Profits (-losses) before taxes  116,151   96,925   108,679   98,794   110,775   100,125   111,885   101,554   112,629   97,014   108,469   97,357   108,710   98,021   108,781  

Taxes 18%  20,907   17,446   19,562   17,783   19,940   18,023   20,139   18,280   20,273   17,462   19,524   17,524   19,568   17,644   19,580  
                
Net profits (-losses)  95,244   79,478   89,116   81,011   90,836   82,103   91,746   83,274   92,356   79,551   88,945   79,833   89,142   80,377   89,200  
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Cash flow analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

                
Cash flow from operations                
Net profits (-losses)  95,244   79,478   89,116   81,011   90,836   82,103   91,746   83,274   92,356   79,551   88,945   79,833   89,142   80,377   89,200  
Depreciation  24,667   23,227   21,959   20,844   19,863   18,999   18,240   17,571   16,982   16,464   16,009   15,608   15,255   14,944   14,671  

Net cash flow from operations  119,911   102,705   111,076   101,855   110,699   101,102   109,985   100,845   109,338   96,016   104,954   95,440   104,397   95,321   103,871  
                
Investments                
Fishing vessel -46,667   -6,667    -6,667    -6,667    -6,667    -6,667  
Machinery and equipment -66,667          -66,667       
Sea cages -120,000      -60,000      -60,000      -60,000  
Fishing gear -26,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  

Total investments -260,000  -16,667  -23,333  -16,667  -76,667  -23,333  -16,667  -16,667  -23,333  -143,333  -16,667  -23,333  -16,667  -16,667  -83,333  
                
Cash flow -140,089   86,038   87,743   85,189   34,032   77,769   93,319   84,178   86,005  -47,318   88,287   72,107   87,730   78,654   20,538  
                
Accumulated cash flow -140,089  -54,051   33,692   118,880   152,912   230,681   324,000   408,178   494,183   446,865   535,152   607,259   694,989   773,643   794,181  
Discounted cash flow -140,089   71,699   60,932   49,299   16,412   31,254   31,252   23,493   20,002  -9,170   14,259   9,705   9,840   7,351   1,600  
                
NPV  197,836                
IRR 57%               
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Appendix C 
Operating statement and cash flow analysis for full-cycle cod farming. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Purchased juvenile (no.)  185,000   166,000   155,000   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200  
Harvested cod (kg) - -  400,270   400,658   400,830   400,520   400,520   400,520   400,520   400,520   400,520   400,520   400,520   400,520   400,520  
                
Operating revenues                
Sales  -   -   664,608   665,252   665,538   665,023   665,023   665,023   665,023   665,023   665,023   665,023   665,023   665,023   665,023  
Total operating revenues  -   -   664,608   665,252   665,538   665,023   665,023   665,023   665,023   665,023   665,023   665,023   665,023   665,023   665,023  
                
Operating expenses                
Salaries  60,000   60,000   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333  
Oil  7,592   10,021   10,932   10,932   10,932   10,932   10,932   10,932   10,932   10,932   10,932   10,932   10,932   10,932   10,932  
Purchased juvenile  185,000   166,000   155,000   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200   145,200  
Feed cost  72,190   255,672   386,332   389,895   390,803   390,692   390,692   390,692   390,692   390,692   390,692   390,692   390,692   390,692   390,692  
Insurance  20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000  
Transportation and storage  37,609   53,369   64,634   63,680   63,769   63,758   63,758   63,758   63,758   63,758   63,758   63,758   63,758   63,758   63,758  
Ice  -   -   4,670   4,674   4,676   4,673   4,673   4,673   4,673   4,673   4,673   4,673   4,673   4,673   4,673  
Sales cost  -   -   26,685   26,711   26,722   26,701   26,701   26,701   26,701   26,701   26,701   26,701   26,701   26,701   26,701  
Maintenance  14,233   38,533   29,000   39,000   33,000   39,467   33,467   39,467   33,467   44,600   37,667   45,067   38,133   45,067   38,600  
Other expenses  31,662   52,360   67,725   68,009   67,510   68,142   67,542   68,142   67,542   68,656   67,962   68,702   68,009   68,702   68,056  
Total operating expenses  428,287   655,955   848,311   851,435   845,946   852,899   846,299   852,899   846,299   858,545   850,919   859,059   851,432   859,059   851,945  
                
Profits (-losses) before depreciation -428,287  -655,955  -183,704  -186,183  -180,407  -187,876  -181,276  -187,876  -181,276  -193,523  -185,896  -194,036  -186,409  -194,036  -186,923  

Depreciation  28,767   31,155   29,296   27,661   26,221   24,955   23,840   22,859   21,996   21,237   20,568   19,980   19,462   19,007   18,606  
                
Profits (-losses) before taxes -457,053  -687,110  -213,000  -213,843  -206,629  -212,831  -205,116  -210,735  -203,272  -214,759  -206,464  -214,016  -205,872  -213,043  -205,529  

Taxes 18%  -   -   -   -   -   -   -   -   -   -   -   -   -   -   -  
                
Net profits (-losses) -457,053  -687,110  -213,000  -213,843  -206,629  -212,831  -205,116  -210,735  -203,272  -214,759  -206,464  -214,016  -205,872  -213,043  -205,529  
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Cash flow analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

                
Cash flow from 
operations                

Net profits (-losses) -457,053  -687,110  -213,000  -213,843  -206,629  -212,831  -205,116  -210,735  -203,272  -214,759  -206,464  -214,016  -205,872  -213,043  -205,529  
Depreciation  28,767   31,155   29,296   27,661   26,221   24,955   23,840   22,859   21,996   21,237   20,568   19,980   19,462   19,007   18,606  
Net cash flow from 
operations -428,287  -655,955  -183,704  -186,183  -180,407  -187,876  -181,276  -187,876  -181,276  -193,523  -185,896  -194,036  -186,409  -194,036  -186,923  

                
Investments                
Fishing vessel -46,667   -6,667    -6,667    -6,667    -6,667    -6,667  
Sea pens -90,000  -90,000    -45,000  -45,000     -45,000  -45,000     -45,000  
Machinery and 
equipment -66,667                  -66,667            

Total Investments -203,333  -90,000  -6,667   -  -45,000  -51,667   -   -  -6,667  -111,667  -45,000  -6,667   -   -  -51,667  
                
Cash flow -631,620  -745,955  -190,370  -186,183  -225,407  -239,543  -181,276  -187,876  -187,943  -305,189  -230,896  -200,703  -186,409  -194,036  -238,589  
                

Accumulated cash flow -631,620  -
1,377,576  

-
1,567,946  

-
1,754,129  

-
1,979,536  

-
2,219,079  

-
2,400,355  

-
2,588,231  

-
2,776,173  

-
3,081,363  

-
3,312,258  

-
3,512,961  

-
3,699,370  

-
3,893,406  

-
4,131,996  

Discounted cash flow -631,620  -621,630  -132,202  -107,745  -108,703  -96,267  -60,709  -52,433  -43,709  -59,148  -37,291  -27,012  -20,907  -18,135  -18,583  
                

NPV -
2,036,093                

IRR #DIV/0!               
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Appendix D 
Operating statement and cash flow analysis for commercial fishery. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Catches (kg)  200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000   200,000  
                
Operating revenues                
Sales  272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880  
Total operating revenues  272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880   272,880  
                
Operating expenses                
Fishermen shares  91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415   91,415  
Oil  25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307   25,307  
Insurance  16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667   16,667  
Sales cost  13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333   13,333  
Ice  2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333   2,333  
Fishery cost  13,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333   8,333  
Maintenance  10,000   20,000   10,467   20,467   10,467   20,933   10,933   20,933   11,400   21,400   11,400   21,867   11,867   21,867   12,333  
Other expenses  6,431   6,931   5,977   6,977   5,977   7,024   6,024   7,024   6,071   7,071   6,071   7,117   6,117   7,117   6,164  
Total operating expenses  178,819   184,319   173,832   184,832   173,832   185,345   174,345   185,345   174,859   185,859   174,859   186,372   175,372   186,372   175,885  
                
Profits before depreciation  94,061   88,561   99,048   88,048   99,048   87,535   98,535   87,535   98,021   87,021   98,021   86,508   97,508   86,508   96,995  

Depreciation  12,000   10,560   9,293   8,178   7,196   6,333   5,573   4,904   4,316   3,798   3,342   2,941   2,588   2,277   2,004  
                
Profits before taxes  82,061   78,001   89,755   79,870   91,852   81,202   92,962   82,630   93,706   83,223   94,679   83,567   94,920   84,230   94,990  

Taxes 18%  14,771   14,040   16,156   14,377   16,533   14,616   16,733   14,873   16,867   14,980   17,042   15,042   17,086   15,161   17,098  
                
Net profits   67,290   63,961   73,599   65,494   75,318   66,585   76,229   67,757   76,839   68,243   77,637   68,525   77,834   69,069   77,892  
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Cash flow analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

                
Cash flow from operations                
Net profits  67,290   63,961   73,599   65,494   75,318   66,585   76,229   67,757   76,839   68,243   77,637   68,525   77,834   69,069   77,892  
Depreciation  12,000   10,560   9,293   8,178   7,196   6,333   5,573   4,904   4,316   3,798   3,342   2,941   2,588   2,277   2,004  

Net cash flow from operations  79,290   74,521   82,892   73,671   82,515   72,918   81,801   72,661   81,154   72,041   80,979   71,466   80,422   71,346   79,896  
                
Investments                
Fishing vessel   -6,667    -6,667    -6,667    -6,667    -6,667  
Fishing gear -26,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  -16,667  

Total Investments -26,667  -16,667  -23,333  -16,667  -16,667  -23,333  -16,667  -16,667  -23,333  -16,667  -16,667  -23,333  -16,667  -16,667  -23,333  
                
Cash flow  52,624   57,854   59,559   57,005   65,848   49,585   65,135   55,994   57,821   55,374   64,312   48,132   63,756   54,680   56,563  
                
Accumulated cash flow  52,624   110,478   170,036   227,041   292,889   342,474   407,609   463,603   521,424   576,798   641,110   689,243   752,999   807,678   864,241  
Discounted cash flow  52,624   50,308   45,035   37,481   37,649   24,652   28,160   21,050   18,902   15,741   15,897   10,346   11,916   8,887   7,994  
                
NPV  386,642                
IRR #DIV/0!               
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Abstract 
 

 

An experiment on ranching wild, free-ranging cod in an Icelandic fjord was 

conducted in Northwest Iceland, in the years 2005-2006. Sizeable herds of cod were 

formed at four feeding locations within a 30 km2 area where commercial fishing was 

prohibited. The cod in the herds showed enormous increase in growth rate and high 

fidelity to their herds. Based on these results, a feasibility study on the ranching of 

cod was made, where five scenarios were analysed with the main focus on capturing 

and harvesting strategies, using purse seine as the method of capture. These were the 

five different scenarios: Case I: Basic harvesting; Case II: Harvesting with size-

grading; Case III: Harvesting with size-grading and on-growing the small cod; Case 

IV: Intensive harvesting at the end of the growth period; and Case V: Ranching larger 

biomass with basic harvesting. It was assumed that the ranching company owned a 

suitable fishing vessel and cod quota, 200 tons in Cases I-IV and 500 tons in Case V. 

The NPV (in thousand Euros) for the five scenarios was €754, €809, €819, €700 and 

€1,504, respectively. The results show that ranching of cod has the potential to be a 

viable industry with all five scenarios profitable for a 15 year operating period. 

Ranching on a larger scale (Case V) was the most feasible option. When considering 

the four smaller scale options, ranching integrated with on-growing was the most 

feasible one.  

 

Keywords: Feasibility; Harvesting strategies; Profitability; Ranching of cod 
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1. Introduction 
 

 

Stock enhancement and sea ranching is a well known fisheries management 

approach, involving the release of cultured organisms to increase abundance and yield 

of natural fish or invertebrate stocks (Blaxter, 2000; Lorenzen, 2005). Recruitment 

limitation is the theoretical basis for stock enhancement in marine and freshwater 

populations (Doherty, 1999; Lorenzen, 2005). Juveniles of quite a few species have 

been released for commercial and experimental sea ranching programs, e.g. black sea 

bream (Acanthopagrus schlegelii) (Gonzalez et al., 2008), red sea bream (Pagrus 

major) and the Japanese flounder (Paralichthys olivaceus) (Kitata and Kishino, 

2006). In Norway, more than one million tagged juvenile Atlantic cod (Gadus 

morhua L.) have been released. The results, however, indicate that releases did not 

significantly increase cod production and catches (Svåsand et al., 2000). 

In the present paper, cod ranching is defined as fisheries management approach 

involving a heightened carrying capacity of the local cod stock by increasing the food 

supply in an area where there is abundant recruitment of cod but shortage of feed 

(Björnsson, 2001; 2002; in press). Cod is an opportunistic feeder, often found in large 

numbers where prey is abundant (Rose and Leggett, 1990). Cod can easily detect low 

frequency sound signals (Chapman and Hawkins, 1973) and can be trained to 

associate them with feeding (Midling et al., 1987; Alfredsen, 2000). 

A fjord-ranching experiment conducted in Stödvarfjördur, East Iceland, in the 

years 1995-1996 showed that a large number of free ranging wild cod could be 

attracted to specific locations with regular anthropogenic feeding (Björnsson, 1999) 

and the yearly weight gain of the conditioned cod increased about three-fold 

(Björnsson, 2002). A feasibility study based on this experiment indicated that fjord 

ranching could be more profitable than full-cycle farming in sea cages or land based 

tanks (Knútsson, 1997). 

Ten years later, another opportunity came to carry out a 21 month cod ranching 

experiment in Arnarfjördur, a large fjord in Northwest Iceland, in the years 2005-

2006. Feed, mainly frozen capelin (Mallotus villosus (Müller)), was dispensed at four 

predetermined sites to attract wild, free ranging cod to form herds of cod. A new 
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feeding method was developed to minimize feed waste and a new technique initiated 

to capture cod from the herds (Björnsson, in press). Recaptures of cod tagged inside 

the herds showed high fidelity to the herds during the main growing period from early 

summer to fall (Björnsson et al., in press). 

In terms of profitability, cod ranching appears to be a realistic option as an 

alternative to cage-based cod farming. Based on the Arnarfjördur experiment, a 

feasibility study was performed on ranching coastal cod and the results compared to 

the feasibility of (A) on-growing of wild cod, (B) full-cycle cod farming of hatchery 

produced juveniles in sea cages and (C) commercial cod fishery. The comparison 

indicated that cod ranching is the most feasible option of the four, although traditional 

fishing is considered less risky. Given a 200 ton annual quota, ranching yields about 

360 tons/year compared to 200 tons/year for fishing and that with less financial 

resources than for cage based cod farming (Halldórsson et al., in press). The present 

paper will focus on comparing the effects of different harvesting strategies and fish 

biomass on the feasibility of cod ranching. 

 

2. Methods 
 

 

In these simulations the two most significant assumptions are that a company, 

which is initiating a cod ranching operation, owns a fishing vessel (30 GRT) suitable 

for the project and has yearly catch permits of 200 tons of cod free of debt. As this 

study is a follow-up of a paper, where the feasibility of cod ranching is compared to 

commercial fishery and conventional cod farming (Halldórsson et al., in press), the 

basic assumptions are the same in both studies. The feeding equipment, consisting of 

feed bags and moorings, can be assembled at a moderate cost of €1,000 per feed 

station (Jón Thórdarson, Ródur ehf, personal communication) and a forklift at a price 

of €66,667 must be purchased. A purse seine will be used for harvesting. The optimal 

seine for this kind of operation would be 200 m long and 60 m deep (stretched mesh). 

The expected price for the seine with accessories, such as powerblock and wire is 

€80,000 (Jón Einar Marteinsson, Fjardanet ehf., personal communication). The cost of 

the lift net, 2 m in diameter, used to capture fish inside the seine is about €2,000 (Jón 

Thórdarson, Ródur ehf., personal communication). All investments are financed by 
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the owner’s equity. As there is limited experience regarding this operational form, it 

might be difficult to borrow capital for the operation, as has been the case in cod 

farming in Iceland.  

The feeding method is based on the deployment of a feed bag at each station. The 

bag containing frozen capelin is lowered to a required depth, where the cod gather 

around and pull out the half frozen capelin. The submerged feed bag is not easily 

accessible to seabirds or benthic scavengers. This method proved to be efficient in the 

Arnarfjördur project and is considered more desirable than an alternative option used 

previously, based on dispensing half frozen feed from a boat through a flexible hose 

(Björnsson, 1999). This former feeding technique has one major disadvantage, the 

difficulty in determining accurately how much of the feed is consumed by cod and 

how much by other less desirable species of fish and scavenging invertebrates, since 

part of the feed may at times sink uneaten to the bottom resulting in a higher feed 

conversion ratio (FCR).  

The harvesting method is based on hanging a feed bag at a few meters’ depth 

from a free-floating buoy. Once the herd has gathered around the feedbag, the purse 

seine is circled around the buoy and the wires pulled at the bottom to entrap the herd. 

The seining can be carried out at moderate currents, since the feed bag, fish and seine 

will all be moving at the same speed. When the density of fish in the seine is 

sufficient, the lift net will be used to scoop up the catch. Only for a larger operation 

than is being investigated here is it worth considering a fish pump as a method to 

empty the seine. 
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The calculations assume that the main growth period is 165 days, from May 25 to 

November 5, when the fishing of the herds is completed. The herds will be 

established in April-May and the fish captured before they start to leave the herds in 

the fall. The growth rate is assumed to be 0.48% per day, as estimated for fish tagged 

and recaptured in the herds in Arnarfjördur (Björnsson, in press; Halldórsson et al., in 

press) (Fig. 1).  

 
Figure 1: Mean weight (kg) of cod in herds for the period May 25th to 
November 5th, a total of 165 days. The growth rate is 0.48% per day. 

The FCR is assumed to be 3.2 in the analysis, similar as commonly found during 

the initial summer in on-growing of wild cod in sea cages (Gunnarsson et al., 2009). 

In August 2005 the average daily food consumption was 877.9 kg in the Arnarfjördur 

project. For that period, there were no feed remains in the feed bags, so it is 

reasonable to assume no feed waste and similar feed conversion ratio as found in 

laboratory experiments, 2.2 (Björnsson et al., 2001). However, in the models, when 

taking into account the longer growth period, more variations in sea temperatures and 

uneaten feed remains, especially during the first weeks of ranching, a FCR of 3.2 is 

considered probable for the entire growth period (Table 1). The only feed source used 

is frozen capelin, purchased in East Iceland, 300 tons at a time. The price of feed is 

assumed to be 0.23 €/kg (Sindri Sigurdsson, Síldarvinnslan, personal communication) 

and transportation cost is 0.13 €/kg (Kristján G. Jóakimsson, Hradfrysthúsid-

Gunnvör, personal communication). Price of feed is determined by supply of capelin 

so it can vary between years. For comparison, the price of frozen herring (Clupea 
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harengus L.), used in on-growing of cod in Norway, is about 0.36 €/kg, including 

transportation (Jóhannes Pálsson, Aker Seafoods ASA, personal communication). 

Ships transport the feed twice a year for the moderate-scale ranching scenarios and 

five times a year for the larger-scale case. 

Table 1: Base-line assumptions used in the feasibilty study 
 Value Reference: 

Cod quota (ton) 200  

FCR 3.2 Gunnarsson et al., 2009 

Operating period 
(years) 

15  

Discount rate (%) 20  

Total mortality (% 
of initial number) 

5.0  

Initial mean weight 
(kg) 

2.0  

Final mean weight 
(kg) 

3.2-6.4  

Growth rate (%/day) 0.48 Björnsson, in press 

Market price of cod 
(€/kg)  

1.62-2.06 Verdlagsstofa skiptaverds, 2008 

Type of feed Capelin  

Fishing gear Purse seine  

Price of feed (€/kg) 0.23 Sindri Sigurdsson, Síldarvinnslan, personal 
communication. 
 

Transportation and 
storage of feed 
(€/kg) 

0.16 Sindri Vidarsson, Vinnslustödin, personal 
communication. 
Kristján G. Jóakimsson, Hradfrysthúsid-
Gunnvör, personal communication. 

Other expenses (%) 10  

Oil price (€/litre) 0.63 Atli Ingvarsson, N1, personal communication 

When the attraction period ends in late May and the growth period begins, it is 

assumed that in the eight herds the average weight of cod is 2.0 kg and a total of 

100,000 cod are in the herds. Feeding will then be gradually increased in proportion 

to the increasing biomass and the feeding frequency is reduced to three times a week. 

The proper amount of feed can be adjusted, since uneaten feed remains in the bag. 

Thus, when no feed is left in the feed bag, the ration will be increased.  
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The mean weight of cod increases during the harvesting period (3.2-4.3 kg) and is 

higher in the cases with size grading (4.1-4.9 kg). In the case where small cod (mean 

weight 1.8 kg) are reared for an additional 13 month period, the mean harvesting 

weight is 6.2-6.4 kg. The growth rate for the second year is estimated with a growth 

model for cod (Björnsson et al., 2007), but in reality there is considerable uncertainty 

about the growth rate, depending on the proportion of sexual mature fish. When 

referring to market price of cod, first hand price is assumed, i.e. the amount the 

rancher receives for delivering fresh, ungutted cod to the Icelandic fish auction. The 

market price is dependent on cod supply and mean weight of the catch; and although 

the price varies from one day to another, because of supply and demand interactions, 

it is assumed here for simplification that the price is only weight dependent. The 

market price for 3.2 kg and 6.4 kg cod is 1.62 €/kg and 2.06 €/kg, respectively, and 

for cod in the weight range 3.0 to 8.5 kg the price follows the following linear 

function: P = 0.1366W + 1.1823 where P is the market price (€/kg) and W is weight 

(kg) of cod (Verdlagsstofa skiptaverds, 2008). In all cases, it is assumed that the price 

of ranched cod is equal to the market price of wild cod, although farmed cod has in 

recent years been sold at a price commonly 10-20% higher (Kjønhaug, 2006; Kontali 

analyse, 2008). 

Mortality and emigrations from the herds were not measured in the ranching 

experiment and thus it is difficult to estimate the extent of these factors. However, 

recaptures from lift net fishing in fall 2006 indicate that emigration during the main 

growth period was low (Björnsson et al., in press). Mortality was assumed to be 5% 

during the 5.5 month growth period, similar to the best results obtained from on-

growing of wild cod in sea cages (Valdimar I. Gunnarsson, Marine Research Institute, 

personal communication). It is presumed that the limited emigration during the main 

growth period is equal to immigration to the herds. Thus, it is anticipated that the 

biomass produced in the herds and lost to fishermen outside the protected area will be 

replaced by equal biomass from fish immigrating to the herds. As long as the cod 

rancher can capture the quota, plus the additional biomass produced by feeding the 

herds, this complication has only a minor effect on the overall feasibility and is 

ignored in the base-line calculations. However, in the sensitivity analysis the effects 

of reduced capture success are studied. 
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Values are converted at the ISK/€ exchange rate of 150 ISK/€, February 4, 2009 

(Central Bank of Iceland, 2009). The discount rate is set as 20% as cod ranching is 

considered risky, since it is still an unproven operational form. 

 

Scenarios of cod ranching 
 

The data used for making a profitability assessment for a ranching program, are 

based on the experiment conducted in Arnarfjördur during the years 2005-2006. 

These include biological data, such as fish sizes, growth rates, number of fish in the 

herds, fidelity of fish to the herds and number of cod in Arnarfjördur (Björnsson in 

press; Björnsson et al., in press). The company chartered for the project, Ródur ehf., 

also kept detailed records regarding the operational cost for the given period. For the 

five different scenarios of cod ranching, the main focus is on harvesting strategy, 

including harvesting time, size-grading and on-growing of the smallest fish (in sea 

cages) as well as on the effect of volume on the feasibility of the operation (Table 2). 

Table 2: The main differences between the five cases 
 Case I Case II Case III Case IV Case V 

Number of 
herds 

8 8 8 8 20 

Man-years 3 3 3 3 5 

Salaries (€) 83,333 83,333 83,333 83,333 130,000 

Catch/day (no. 
of cod) 

3,300 3,300 3,300 9,500 5,000 

Harvesting 
period (weeks) 

9 9 16 2 9 

Chartered vessel No No No Yes Yes 
Total 
investments (€) 

314,667 361,333 507,999 394,667 1,027,610 

  

Case I: Basic harvesting 
This scenario was used when comparing the feasibility of cod ranching to 

commercial fishery and cod farming (Halldórsson et al., in press). Capturing takes 

place from September 1st to November 5th, three days a week. By November 5th it is 

expected that the herds will have been fully utilized. Purse seine is the fishing gear 

used and the number of cod caught per day is 3,300. There is no size-grading and the 
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average weight of the catch corresponds to the average weight of the herd fish, 

increasing from 3.2 to 4.3 kg during the harvesting period. 

 

Case II: Harvesting with size-grading 
As in Case I, the harvesting period is from the beginning of September to the 

beginning of November and fishing occurs with a purse seine three days a week. 

Every fishing day 3,300 cod are caught. The difference here from Case I is that the 

catch is size-graded. The weight distribution in the herds at the time of tagging was 

extrapolated with 0.48% daily growth rate to represent the herds during the harvesting 

period. It is assumed that cod smaller than 2.5 kg are kept alive onboard and 

transported to sea cages provided by a company that purchases the small cod for on-

growing at a price 10% higher than the market price. The average weight of small cod 

is 1.8 kg, so the corresponding market price is 1.45 €/kg including markup. For the 

rancher, size-grading will, therefore, result in a higher market price for the harvested 

fish, because of higher average round weight, but less volume on the market. For this 

scenario, minor adjustments to the vessel must be made in order to be able to 

transport live cod. Expected cost of such adjustments is €46,667 (Aasjord and 

Hansen, 2006).  

 

Case III: Harvesting with size-grading and on-growing 
In this scenario the method of size-grading is the same as in Case II, i.e. 3,300 

cod are caught every fishing day and cod smaller than 2.5 kg transported to sea cages, 

but in this case the rancher grows the cod for another year to extend the harvesting 

period. The mean initial weight of small cod for on-growing is the same as in Case II, 

1.8 kg. During the period from September to January the FCR is the same as in 

ranching and conventional on-growing of cod (3.2), but during the second year in 

farming the FCR rises to 4.0, which is similar as in on-growing of cod in the second 

and third year of farming in Iceland in 2007 (Gunnarsson et al., 2009). Growth rates 

for on-growing for a second year are estimated with a growth model for cod 

(Björnsson et al., 2007). Cost of vessel adjustment is the same as in Case II and it is 

assumed that three sea cages are purchased during the first year. Two of those have a 

circumference of 90 m and the corresponding volume is approximately 9,000 m3. The 

third is a smaller cage used during size-grading of the herd fish. Total investments of 

sea cages, including deployment, are €73,333 and the durability of the net is five 
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years (Kristján G. Jóakimsson, Hradfrystihúsid-Gunnvör, personal communication). 

Regular maintenance, i.e. cleaning and repairing of the nets is performed at a cost of 

€6,667 every other year (Sævar Th. Ásgeirsson, Brim-codfarming, personal 

communication). Other maintenance cost of sea cages is assumed to be 7% of 

accumulated investments in cages. It is anticipated that the two large cages are filled 

from September until November 5th and subsequently harvested in November (mean 

wt. 6.4 kg) and December (mean wt. 6.2 kg) of the following year. 

 

Case IV: Intensive harvesting at the end of the growth period 
By suspending harvesting until late October, one can maximize the total growth 

of the herds. In this case, it is assumed that all fishing takes place during the last two 

weeks of the growth period with a daily catch of 9,500 cod. Since captured volume in 

every fishing day is beyond the capacity of the current fishing vessel it will be 

necessary to charter a boat, of similar size and with a crew of three, for capturing. The 

two vessels will therefore fish from the herds’ simultaneously during the two weeks. 

For the second vessel, a similar fishing gear must be purchased. The expected cost of 

chartering is assumed to be 0.17 €/kg. When capturing cod for on-growing, cod 

farmers have paid their contractors approximately 0.67 €/kg when using a Danish 

seine (Gunnarsson et al., 2009). The lower cost estimated here is due to great density 

of herd fish at predetermined sites, and therefore less effort is needed for fishing. 

Additionally, the ranching operator provides the contractor with the fishing gear, so 

he is not outwearing his own gear or utilizing own quota. It is assumed that the vessel 

has to be chartered for one month and the owner of the vessel gets 67% and the crew 

members 33% of the payment. The monthly salaries for each crewmember on the 

chartered vessel would be approx €3,722 about 47% higher than for fishermen fishing 

traditionally with a Danish seine (Halldórsson et al., in press) a difference considered 

necessary to attract the vessel’s owner for such a temporary task. 

 

Case V: Ranching larger biomass with basic harvesting 
Cases I-IV are set up for a moderate size of cod ranching. It is important to 

examine the economy of up-scaling cod ranching, for example by allocating the 

whole of Arnarfjördur for cod ranching with 20 herds within the reserved area instead 

of 8 as before. In Case V it is assumed that the company owns the required cod quota 

for the project, in this case 500 tons. Feeding the additional herds is time consuming 



 

  75 

and it is clear that the company will not be able to attend to feeding and capturing the 

increased daily volume at the same time. It is therefore necessary to charter a larger 

boat, of about 60 GRT, with a crew of five fishermen, to take care of fishing from the 

herds in the period September-November. The cost of chartering a boat is assumed to 

be 0.17 €/kg, the same as in Case IV, which should be reasonable because although 

this scenario requires more man-power, the boat is allowed to catch greater quantity. 

It is anticipated that during that period fishing goes on for five days a week with 5,000 

cod caught per day. 

In Case V it is assumed that the price of feed and transportation of feed is the 

same as in previous scenarios, although it might be argued that this could be lower 

due to larger purchases. One problem arises with a ranching program of this scale, i.e. 

storage of feed. The quantity of given feed is more than double than in other scenarios 

so it can be difficult to rent a storage facility large enough for this volume of frozen 

feed. Thus it is assumed that a freezing storage facility is built during first operational 

year. A freezer with sufficient capability for storing the required volume of feed 

requires 247,600 kWh on a yearly basis amounting to €178,000 excluding VAT 

(Hákon Hallgrimsson, Cooltech ehf., personal communication). For a 200 m2 (1800 

m3) freezer, a 300 m2 steel frame structure must be built with the expected cost of 867 

€/m2 (Ragnar Jóhannsson, Formaco ehf., personal communication). The total building 

cost is therefore €481,610. Electricity rates for the Westfjord region are 0.024 €/kWh 

(Westfjord Power Company Ltd., 2008) so the annual operating expenses of running 

the freezing facility will amount to €5,924. 

 

3. Results 
 

 

Profitability of cod ranching 
 

Case I: Basic harvesting 
This case delivers a total of 361 tons of cod per year out of an initial quota of 200 

tons. The size of captured cod increases from 3.2 to 4.3 kg during the harvesting 

period. For the volume of 361 tons, operating revenues are €614,444 per year. Feed 

cost is the largest item of expenditure, on average 31% of operating expenses. The 
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transportation cost of feed is 18% of the expenses. If this is added to the purchasing 

and storage cost of feed, the total feed related cost sums up at 53% of operating 

expenses. Salaries account for 20% of expenses, €83,333 a year. Yearly salaries are 

assumed to be €36,667 for the captain and €23,333 for each of the two crew members. 

Total production cost for harvested cod is on average 1.15 €/kg and operating 

expenses average €414,452 for the 15 year operating period (Table 3). This case 

generates average net profits of €149,635 per year. The cash flow analysis indicates 

that cod ranching is cost-efficient with the Net Present Value (NPV) of €753,692 

(Appendix A). Calculations based on the operating statement indicate the profit 

margin being 24.4%, 

 

Case II: Harvesting with size-grading 
Size-grading lasts for the entire harvesting period. Annually 25,960 cod are sold 

for on-growing in sea cages, a total of 46.7 tons. The average weight of cod sold on 

the market is 4.1 kg in the first week, rising to 4.9 kg in the last week of harvesting. 

Quota efficiency is 1.81 with an annual total harvest of about 361 tons and average 

operating revenues of €633,100 for that volume (Appendix B). Quota efficiency is 

based on total volume harvested divided by the cod quota (i.e. catch permits) used for 

the project. The application of this scenario is similar to Case I, which means that 

distribution of expenses are similar and the production cost is 1.14 €/kg. Profit margin 

is on average 26.5% per year and the NPV for the 15 year operating period is 

€809,109 (Table 3).  

 

Case III: Harvesting with size-grading and on-growing 
As in Case II, 46.7 tons of cod are transferred to sea cages every year but in this 

case the on-growing of the small cod is an integral part of the ranching operation. The 

harvesting weights of the cod reared in sea cages for more than a year are on average 

6.4 and 6.2 kg in November and December, respectively. The average weights of cod 

harvested from the herds are the same as in Case II, i.e. 4.1-4.9 kg. From the second 

year onward, the annual volume of harvested cod is 469.7 tons, resulting in a quota 

efficiency of 2.35, and for the 15 year operating period average revenues generated 

from sales are €860,861 (Appendix C). Since on-growing of cod for a second year 

results in a higher FCR due to sexual maturity, feed and feed related costs constitute a 

considerably larger proportion of the expenses. Feed cost alone accounts for 35% of 
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the expenses, and when storage and transportation costs have been added, the total 

feed related costs amount to 59% of the operating expenses. The operation is 

profitable with profit margin of 22.8% and NPV of €819,064 (Table 3). On-growing 

the small cod for a second year results in production cost of 1.31 €/kg, the highest for 

all cases. Despite the high production cost, this case is considered a feasible option 

because of high quota efficiency, extended harvesting period and the synergistic 

effects of ranching vs. on-growing in sea cages.  

 

Case IV: Intensive harvesting at the end of the growth period 
In this case, harvesting is suspended for seven weeks compared to other scenarios 

and all fish captured during the last two weeks of the growth period. This method 

allows a greater number of cod to grow for a longer time resulting in a larger biomass 

at the time of harvest. As expected, this situation yields greater catch for an initial 

biomass of 200 tons, or about 406 tons annually. The quota efficiency index is, 

therefore, 2.03. Mean weight and price of harvested cod is also greater because of 

suspended harvesting. For the two weeks, the average weight is 4.25 kg. Total 

operating revenues generated from sales are €715,624. The cost of purchasing feed is 

32% and transportation and storage costs are 18% and 4% respectively, resulting in 

feed related costs of 54% of operating expenses. The expenditure of chartering a 

vessel account for 7%. Production cost for this scenario is 1.26 €/kg. The NPV is here 

lowest of all cases, €699,896 (Appendix D). The operation is profitable with a profit 

margin of 20.9% (Table 3). 

 

Case V: Ranching larger biomass with basic harvesting 
This scenario is an extension of Case I, with an annual quota of 500 tons instead 

of 200 tons. This case delivers a total of 906 tons a year, so the corresponding quota 

efficiency index is 1.81. Harvesting takes place in nine weeks from September to 

early November. For the volume of 906 tons, total revenues generated are €1,542,910 

on average for the 15 years (Appendix E). As before, the main factor in operating 

expenses is purchased feed (30%). Transportation of feed is 17% of expenses, but 

storage cost has fallen to 1% from previous cases, since the company is operating its 

own freezing facility. The cost of chartering a vessel for capturing is €151,000 a year 

or, on average, 14% of operating expenses. Of course it would be possible to invest in 

another fishing vessel and assemble a crew, but in that case the boat would only be 
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utilized for a maximum of three months per year. The production cost for larger scale 

ranching is 1.17 €/kg. The operation is the most profitable of the five alternatives with 

the average profit margin of 23.6% and NPV of €1,503,996 (Table 3).  

 

Sensitivity analysis 
 

A series of sensitivity analyses was carried out for the parameters most influential 

on the profitability of cod ranching: FCR, growth rate, price of feed, price of cod and 

capture success of conditioned cod. The NPV reported in the sensitivity analyses 

reflects the expected net present value after tax and depreciation. 

Feed conversion ratio (FCR) is an important parameter, since feed amounts to 

about 50% of the operating expenses in cod ranching. A reduction in the FCR results 

in less feed being given for the same production of fish. A 30% increase in FCR does 

not result in an unprofitable operation. For Cases III and V the FCR must rise by 49% 

and 62% respectively to bring the NPV to zero (Fig. 2).  

 
Figure 2: Sensitivity analysis of FCR. The graph shows how variations up to 
±30% from the base-line value of 3.2 affect NPV for the five different cases. 

Increasing growth rate results in the improved yield of available catch permits, 

generating higher quota efficiency. For full-cycle cod farming, the growth rate of cod 

can be enhanced by selective breeding (Kristjánsson et al., 2004), which is not 

possible in cod ranching based on wild, free ranging cod. Thus, it is unlikely that the 
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growth rate of ranched cod can be increased much above the present base-line study. 

However, less growth rates could be observed if feeding is insufficient or if the fish 

enter the herds late in the growth period. The sensitivity of growth rate on the 

profitability of available options is not completely linear, mainly because changes in 

growth rate have a direct influence on the harvesting size of the cod. The market price 

of cod is dependent on the weight of the fish, and therefore the sensitivity is a 

function of growth rate and market price. A 30% decrease in growth rate does not 

result in an unprofitable operation (Fig. 3). 

 
Figure 3: Sensitivity analysis of growth rate. The graph shows how variations 
up to ±30% from the base-line value of 0.48% per day affect NPV for the five 
different cases. 

As mentioned before, feed related cost is about 50% of the operating expenses for 

any of the five scenarios. The cost of purchasing the feed is approximately 30% of 

expenses, which means that about 20% comes from transportation and storage. In the 

sensitivity analyses, transportation and storage is excluded, so they reflect only the 

purchasing cost of feed. A 30% variation from the base-line value does not result in 

an unprofitable operation for the five scenarios (Fig 4).  
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Figure 4: Sensitivity analysis of purchasing cost of feed. The graph shows 
how variations up to ±30% from the base-line value of 0.23 €/kg affect NPV 
for the five different cases. 

In the initial stages, the supply of ranched cod will be negligible compared to 

catches of wild cod. The market price of cod in Iceland is to a large extent determined 

by supply and demand in the UK and other European countries (Fig. 5). Since all 

revenues generated from cod ranching come from sales of fresh cod, all cases are 

more sensitive to changes in market price than any other parameter in the analyses. 

Case V, with the greatest biomass of the five options, is most sensitive. For that case, 

a price reduction of 21% brings the NPV of the operation to zero, but a price increase 

of about 22-30% doubles the NPV of all cases. 
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Figure 5: Sensitivity analysis of market price of cod. The graph shows how 
variations up to ±30% from the base-line value affect NPV for the five different 
cases. 

The capture success of cod is perhaps the most critical factor concerning 

ranching. The greatest risk of the operation involves the rancher being unable to catch 

the fish that he has invested time, effort and expensive feed in to increase the biomass. 

In the calculations, it is assumed that all conditioned fish are caught minus 5% loss 

due to mortality (Fig. 6). According to the sensitivity analyses, the importance of a 

high capture ratio is slightly lower than the market price. Case V is most responsive, 

while other cases are equally sensitive to capture success of conditioned cod. If the 

rancher catches less than 77% of the herded biomass in Case V, the operation is 

unviable. For other cases capture success must be above 74%. 
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Figure 6: Sensitivity analysis of capture success of conditioned cod. The 
graph shows how variations from the base-line value by -30% affect NPV for 
the five different cases. 

 

4. Discussion 
 

 

All operating scenarios have been proven to be profitable, but it is yet to be 

determined which option is the most feasible one. When considering the feasibility of 

the five scenarios, one cannot focus exclusively on the profitability of the operation. 

There are other factors that have to be taken into account such as quota efficiency, 

harvesting time, capture success, feed requirement, production cost and sensitivity of 

the most influential factors. 

For Case I, net profits from the operation average €150,000 a year and the NPV is 

positive by €754,000. Sensitivity analyses indicate that this method is the least risky 

with regards to the parameters analysed. When considering market price, capture 

success, feed cost and FCR, this case appears to be equally sensitive as other 

scenarios where the initial biomass is 200 tons. Changes in growth rate have the least 

impact on prosperity in this scenario. Production per man-year is, in terms of biomass 

increase, 54 tons, a little lower than in Case IV where the herds are allowed to grow to 

their full potential (Table 3). 
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The NPV is slightly higher for Case II than Case I. The methods of capturing for 

the two scenarios are the same, except for the assumption in Case II that the catch is 

size-graded. Size-grading generates more income over the period due to a higher 

market price of harvested cod. The difference in profitability between the two 

scenarios, therefore, relates to a greater average weight of harvested cod, despite the 

slightly lower volume supplied to the market, and to the fact that sales of live cod of 

undesirable size for on-growing, results in a better price than if the small cod had 

been brought to the fresh fish market. 

Table 3: Summary of the economic results and key parameters for the five 
cases. 
 Case I Case II Case III Case IV Case V 

Quota efficiency  1.81 1.81 2.35 2.03 1.81 

Operating revenues (€) 614,444 633,100 860,861 715,624 1,542,910 

Operating expenses (€) 414,452 410,919 600,251 510,817 1,056,351 

EBITDA (€) 199,992 222,181 260,610 204,807 486,559 

Net operating profits 
(€) 

149,635 167,830 196,336 149,500 363,356 

NPV (€) 753,692 809,109 819,064 699,896 1,503,996 

Profit margin (%) 24.35 26.51 22.81 20.89 23.55 

Feed requirement (kg 
per harvested kg) 

1.44 1.44 1.69 1.63 1.44 

Oil consumption (l/kg) 0.07 0.07 0.13 0.04 0.041 

Production per man-
year (ton) 

54 54 86 69 81 

Feeding cost per kilo 
harvested2 (€) 

0.60 0.60 0.78 0.67 0.56 

Salaries per kilo 
harvested (€) 

0.23 0.23 0.18 0.21 0.14 

Production cost per kilo 
harvested (€) 

1.15 1.14 1.31 1.26 1.17 

1 Excluding capturing. 2Including transportation and storage. 

On-growing of size-graded cod, as in Case III, appears to be a feasible option. 

The operation has a higher NPV than Case I and II, despite more investments being 

required during the first operational year than for other cases when ranching the same 

initial biomass. The higher production cost due to feeding the small cod for a second 

year results in lower profit margin. However, there are synergistic advantages in on-

growing the smallest fish in sea cages as part of operating cod ranching, e.g. owing to 
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better yield of the quota, improved use of vessel and crew and extended harvesting 

period. Once the harvesting of the herds is completed in the first week of November, 

the harvesting from the sea cages will begin and continue for the next two months. 

By suspending capturing until the last week in October and the first week in 

November, as in Case IV, the 200 ton quota gives a maximum yield of the four 

options. This case delivers an annual catch of 406 tons as a result of allowing the 

herds to increase their biomass for a longer time. The mean weight of captured cod is 

therefore high at the time of harvesting and the corresponding market price ensures 

greater revenue. But due to the extra cost of chartering a vessel for fishing, this 

scenario is least profitable of the four cases where a 200 ton quota is used as a basis. 

There is one additional disadvantage regarding this method. Fishing the herds takes 

place at a time when the risk of losses due to migration is increasing rapidly. From 

August to October, cod tagged within the herds were only 30% as prone to being 

caught by the commercial fleet, outside the reserved area, as the cod tagged outside 

the herds, and in the following period from November to January the risk was similar 

(Björnsson et al., in press). Another possible shortcoming of this method is that the 

entire biomass, 406 tons, is harvested over only a two week period, or about 200 tons 

per week. This amount may possibly have a negative effect on the market price, since 

it is partially determined by supply and demand, although that was not accounted for 

in the model, for simplification. An alternative option to deal with this short-term 

excess in supply would be to capture the cod in a short period of time and place them 

in sea cages similar as in Case III. 

Although Case V requires the largest investments, due to the need to build a 

freezer, it is the most profitable option, when considering the NPV and annual net 

profits. The main objective here was to find out whether economies of scale could be 

reached with more production on a yearly basis. Quota efficiency is the same as in 

Case I, which is as expected since the implementation of Case V is the same, but only 

on a larger scale. Although the operation requires more manpower, production per 

man-year is 50% higher than in Case I and 17% higher than when the herds are 

allowed to grow to their full potential, as in Case IV. Due to the increased biomass, 

this operational form is more sensitive to changes in the most relevant factors 

concerning the operation. Of the five parameters analysed, the market price of cod 

and the capture success of conditioned cod were of greatest importance. 
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For all scenarios, it is assumed that purse seining is used to capture cod in the 

herds. Once the fish have been accumulated in sufficient density in the seine, it is easy 

to bring them on board with a lift net. In the Arnarfjördur ranching project, a lift net 

was developed as a stand alone fishing gear to capture cod directly from the herds. It 

worked perfectly when capturing cod for tagging purposes, but the average daily 

catch was only 1.0 tons of cod, not enough for the ranching scenarios considered here. 

So far the method of purse seining has not been tested to capture herds of cod formed 

by ranching. However, it is a well-known method of catching pelagic fish in a very 

cost efficient way and it is hard to think of an alternative as effective and with as little 

disturbance to the herds and the environment. The feeding method accumulates the 

herd around the feed bag and by hanging the bag close to the surface at the time of 

harvest it should be easy to surround the herd with a purse seine. There is precedent 

for capturing cod with a purse seine in Iceland. In the years 1963-1969 spawning cod 

was commonly caught with a purse seine off the south coast of Iceland, and in one of 

the years the catch was about 40,000 tons (Thorsteinsson, 1971). Since then, the use 

of a purse seine in cod fisheries has been prohibited, and thus a special licence would 

be required to use it in cod ranching.  

The herds are expected to have been established in late May, which is when the 

growth period is assumed to begin with full-scale feeding. The growth period lasts 

until the beginning of November, when the herds have been fully utilized. This results 

in highly seasonal capturing; in most cases the entire catch is expected to be caught 

over a nine week period, and in one case, only a two week period. Cage based fish 

farming is better equipped to adapt to the market environment, where production can 

be aimed to supply a quality product at the right time. In ranching it would be possible 

to start harvesting during the summer, if the rancher was prepared to settle for lower 

mean weight of the catch and therefore less value. Lengthening the harvesting period 

beyond early November is not a feasible option because of increased risk of fish 

leaving the herds in November-January, unless sea cages are used in junction with 

cod ranching as discussed before.  



 

  86 

 
Figure 7: Average catches and prices (first hand) of whole ungutted cod in 
Iceland by months for the years 2003-2007 (Statistics Iceland, 2008). 

Despite the short harvesting time in cod ranching, the timing is good with respect 

to demand for fresh cod fillets. Average catches of cod in Iceland in the years 2003-

2007 were about 17,000 tons/month (Fig. 7). During September-October, the period 

when most of the herdfish is harvested, the average catch/month is 15,300 tons, which 

is relatively low, compared to 21,000 tons on average in January to May (Statistics 

Iceland, 2008). So during the harvesting time there could be a supply shortage that 

ranched cod could partially fulfil. Furthermore, fishing takes place at a time when the 

market price of cod is at the highest level over the year (Icelandic fish auctions, 

2009). Fresh seafood has been an increasing proportion of the value of seafood 

exports in Iceland. The main products are fresh cod and haddock (Melanogrammus 

aeglefinus (L.))  fillets and whole fish on ice (Ministry of Fisheries and Agriculture, 

2008). The volume of exported cod fillets rose from 5,100 tons in 2000 to 11,500 tons 

in 2006, but in the years 2007-08 the amount has decreased (Fig. 8).  
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Figure 8: Yearly quantities and prices of exported cod and haddock fillets for 
the years 2000-2008 (Statistics Iceland, 2009). 

The current export price has risen considerably during the period 2005-2008, 

from 4.15 €/kg to 7.59 €/kg (Statistics Iceland, 2009). In the years 2003-2007, the 

average monthly export volume of fresh cod fillets was largest in October-December 

when the price was highest (Fig. 9). A recent study implies that the market price of 

fresh cod fillets is significantly higher in the fourth quarter of the year in USA and 

Belgium (Gudjónsson et al., 2006). 
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Figure 9: Average export volumes and prices of fresh cod fillets by months for 
the years 2003-2008 (Statistics Iceland, 2009). 

Capture success in the herds is perhaps the greatest uncertainty in cod ranching. 

The results from the sensitivity analyses suggest that a ranching operation is 

unprofitable unless capture success is above 74-77%. In the Arnarfjördur ranching 

project, cod tagged in the herds showed high fidelity to their herds from July to 

October, but already in November they started to show migratory behaviour 

(Björnsson et al., in press). The lift net used as capturing method was not capable of 

capturing all the fish in the herds, and therefore both shrimp trawl and Danish seine 

were used to capture fish in the reserved area. It is likely that with purse seining 

whole herds can be captured with minimum effort. Clearly, this method of capturing 

must be tested and adapted to the prevailing conditions before cod ranching can 

become an industry. 

Our feasibility study indicates that cod ranching can be a profitable industry in 

the future, although it is likely to be controversial. This rearing method can enhance 

quota efficiency with minimal investment compared to cage-based aquaculture 

(Halldórsson et al., in press). However, the method requires a large reserved area 

around the feed stations to prevent poaching (Björnsson, in press) which may limit the 

fishing rights of fishing companies. The fishermen must look at these ideas as 

opportunities instead of threats, since it will ultimately be fishermen who carry out the 

ranching of cod. If ranching is more profitable than traditional fishing and farming 
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(Halldórsson et al., in press) and can increase the total revenue and net profits from 

the fish stocks, the legislature must consider these ideas with an open mind. At least, 

these promising results should be an impetus to further research and development of 

cod ranching. 

Our study indicates that cod ranching will benefit greatly by economies of scale. 

With the cooperation of fishermen, fishing operators and fish processors, ranching 

could be conducted on a far greater scale than examined here. Such cooperation 

would not be limited to one fjord or part of a fjord; whole regions could be included 

in a ranching programme, e.g. the whole Westfjord peninsula. The suggested 

implementation of the idea is that inshore waters would be reserved for a ranching 

programme while in deeper waters, i.e. outside the fjords, commercial fishing would 

be allowed and local fishermen would take care of feeding in their area. A specialized 

well-boat would capture the cod from the herds, sort them into sizes, bring the 

smallest fish to on-growing farms and transport the larger fish to a slaughterhouse for 

processing. The idea of large scale feeding of the Icelandic cod stock has already been 

proposed (Björnsson, 2001). 

Ranching of cod can perhaps be described as a mixture of aquaculture and 

capture based fisheries. Aquaculture can offer important advantages of controllability, 

ownership rights and responsibilities, and market adaptation; the future may see 

greater integration of the aquaculture and marine fisheries sector, and greater 

appreciation of their comparative roles (Muir and Young, 1998). While ranching 

doesn’t have as much controllability and ability to adapt to markets as aquaculture, it 

probably has the upper hand concerning these factors when compared to commercial 

fishery. Further research must be made into cod ranching, preferably on a greater 

scale and over a longer period than in the Arnarfjördur project. Simultaneously, the 

legal aspects of the idea must be studied to see how it could fit within the legal 

framework and what would be the best way to initiate such an industry and how it 

could be integrated with commercial fisheries and aquaculture. 
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Appendix A 
Operating statement and cash flow analysis for Case I. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Harvested cod (kg)  361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102   361,102  
                
Operating revenues                
Sales  614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444  
Total operating revenues  614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444   614,444  
                
Operating expenses                
Salaries  83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333  
Oil  14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868   14,868  
Feed cost  128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077  
Insurance  20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000  
Transportation  73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187  
Storage  15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735  
Sales cost  24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073   24,073  
Ice  4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213   4,213  
Maintenance  11,527   21,527   11,993   21,993   13,113   23,580   13,580   23,720   15,307   29,973   19,973   30,440   21,560   31,560   22,027  
Other expenses  28,321   30,321   28,414   30,414   28,638   30,731   28,731   30,759   29,077   32,010   30,010   32,103   30,327   32,327   30,421  
Total operating expenses  403,334   415,334   403,894   415,894   405,238   417,798   405,798   417,966   407,870   425,470   413,470   426,030   415,374   427,374   415,934  
                
Profits (-losses) before depreciation  211,110   199,110   210,550   198,550   209,206   196,646   208,646   196,478   206,574   188,974   200,974   188,414   199,070   187,070   198,510  

Depreciation  24,003   22,563   21,295   20,180   19,199   18,335   17,576   16,907   16,318   15,800   15,345   14,944   14,591   14,280   11,319  
                
Profits (-losses) before taxes  187,107   176,547   189,254   178,370   190,007   178,310   191,070   179,571   190,256   173,173   185,629   173,470   184,479   172,790   187,191  

Taxes 18%  33,679   31,778   34,066   32,107   34,201   32,096   34,393   32,323   34,246   31,171   33,413   31,225   33,206   31,102   33,694  
                
Net profits (-losses)  153,428   144,769   155,189   146,263   155,806   146,215   156,678   147,248   156,010   142,002   152,216   142,246   151,273   141,688   153,497  
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Cash flow analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

                
Cash flow from operation                
Net profits (-losses)  153,428   144,769   155,189   146,263   155,806   146,215   156,678   147,248   156,010   142,002   152,216   142,246   151,273   141,688   153,497  
Depreciation  24,003   22,563   21,295   20,180   19,199   18,335   17,576   16,907   16,318   15,800   15,345   14,944   14,591   14,280   11,319  

Net cash flow from operation  177,431   167,331   176,484   166,443   175,005   164,550   174,253   164,155   172,328   157,803   167,561   157,189   165,864   155,968   164,816  
                
Investments                
Fishing vessel   -6,667    -6,667    -6,667    -6,667    -6,667  
Machinery and equipment -66,667          -66,667       
Fishing gear -80,000                
Ranching equipment -18,000        -16,000      -2,000  -16,000        -16,000      

Total investments -164,667   -  -6,667   -  -16,000  -6,667   -  -2,000  -22,667  -66,667   -  -6,667  -16,000   -  -6,667  
                
Cash flow  12,764   167,331   169,817   166,443   159,005   157,883   174,253   162,155   149,661   91,136   167,561   150,523   149,864   155,968   158,149  
                
Accumulated cash flow  12,764   180,095   349,913   516,356   675,361   833,244   1,007,497   1,169,652   1,319,314   1,410,450   1,578,010   1,728,533   1,878,396   2,034,364   2,192,513  
Discounted cash flow  12,764   139,443   117,929   96,321   76,680   63,450   58,357   45,255   34,806   17,663   27,062   20,259   16,808   14,577   12,318  
                
NPV  753,692                
IRR #DIV/0!               

 



 

  97 

Appendix B 
Operating statement and cash flow analysis for Case II. All values are in Euros (€) 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Harvested cod (kg)  314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369  
Sold for on-growing (kg)  46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733   46,733  
                
Operating revenues                
Sales of harvested cod   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301   565,301  
Sales of cod for on-growing  67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800   67,800  
Total operating revenues  633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100   633,100  
                
Operating expenses                
Salaries  83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333  
Oil  15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317   15,317  
Feed   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077   128,077  
Insurance  20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000  
Transportation  73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187   73,187  
Storage  15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735   15,735  
Sales cost  20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958   20,958  
Ice  3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668   3,668  
Maintenance  11,527   21,527   11,993   21,993   13,113   23,580   13,580   23,720   15,307   29,973   19,973   30,440   21,560   31,560   22,027  
Other expenses  28,000   30,000   28,093   30,093   28,317   30,410   28,410   30,438   28,756   31,689   29,689   31,782   30,006   32,006   30,100  
Total operating expenses  399,801   411,801   400,361   412,361   401,705   414,265   402,265   414,433   404,337   421,937   409,937   422,497   411,841   423,841   412,401  
                
Profits (-losses) before 
depreciation  233,299   221,299   232,739   220,739   231,395   218,835   230,835   218,667   228,763   211,163   223,163   210,603   221,259   209,259   220,699  

Depreciation  24,003   22,563   21,295   20,180   19,199   18,335   17,576   16,907   16,318   15,800   15,345   14,944   14,591   14,280   11,319  
                
Profits (-losses) before 
taxes  209,296   198,736   211,443   200,558   212,196   200,499   213,259   201,760   212,444   195,362   207,818   195,659   206,668   194,979   209,380  

Taxes 18%  37,673   35,772   38,060   36,101   38,195   36,090   38,387   36,317   38,240   35,165   37,407   35,219   37,200   35,096   37,688  
                
Net profits (-losses)  171,623   162,964   173,384   164,458   174,001   164,409   174,873   165,443   174,204   160,197   170,411   160,440   169,468   159,882   171,692  
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Cash flow from operation                
Net profits (-losses)  171,623   162,964   173,384   164,458   174,001   164,409   174,873   165,443   174,204   160,197   170,411   160,440   169,468   159,882   171,692  
Depreciation  24,003   22,563   21,295   20,180   19,199   18,335   17,576   16,907   16,318   15,800   15,345   14,944   14,591   14,280   11,319  

Net cash flow from operation  195,625   185,526   194,679   184,638   193,200   182,745   192,448   182,350   190,523   175,998   185,756   175,384   184,059   174,163   183,010  
                
Investments                
Fishing vessel -46,667   -6,667    -6,667    -6,667    -6,667    -6,667  
Machinery and equipment -66,667          -66,667       
Fishing gear -80,000                
Ranching equipment -18,000        -16,000      -2,000  -16,000        -16,000      

Total investments -211,333   -  -6,667   -  -16,000  -6,667   -  -2,000  -22,667  -66,667   -  -6,667  -16,000   -  -6,667  
                
Cash flow -15,708   185,526   188,012   184,638   177,200   176,078   192,448   180,350   167,856   109,331   185,756   168,717   168,059   174,163   176,344  
                
Accumulated cash flow -15,708   169,818   357,831   542,469   719,668   895,747   1,088,195   1,268,545   1,436,401   1,545,732   1,731,487   1,900,205   2,068,263   2,242,426   2,418,770  
Discounted cash flow -15,708   154,605   130,564   106,851   85,455   70,762   64,450   50,332   39,038   21,189   30,001   22,707   18,849   16,278   13,735  
                
NPV  809,109                
IRR 1182%               
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Appendix C 
Operating statement and cash flow analysis for Case III. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Harvested cod (kg)  314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369   314,369  
Harvested from on-growing (kg)  -   155,386   155,386   155,386   155,386   155,386   155,386   155,386   155,386   155,386   155,386   155,386   155,386   155,386   155,386  
                
Operating revenues                
Sales of harvested cod   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069   565,069  
Sales of cod from on-growing  -   316,920   316,920   316,920   316,920   316,920   316,920   316,920   316,920   316,920   316,920   316,920   316,920   316,920   316,920  
Total operating revenues  565,069   881,989   881,989   881,989   881,989   881,989   881,989   881,989   881,989   881,989   881,989   881,989   881,989   881,989   881,989  
                
Operating expenses                
Salaries  83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333  
Oil  20,897   25,149   25,149   25,149   25,149   25,149   25,149   25,149   25,149   25,149   25,149   25,149   25,149   25,149   25,149  
Feed   143,437   215,348   215,348   215,348   215,348   215,348   215,348   215,348   215,348   215,348   215,348   215,348   215,348   215,348   215,348  
Insurance  20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000  
Transportation  81,964   123,056   123,056   123,056   123,056   123,056   123,056   123,056   123,056   123,056   123,056   123,056   123,056   123,056   123,056  
Storage  17,622   26,457   26,457   26,457   26,457   26,457   26,457   26,457   26,457   26,457   26,457   26,457   26,457   26,457   26,457  
Sales cost  20,958   31,317   31,317   31,317   31,317   31,317   31,317   31,317   31,317   31,317   31,317   31,317   31,317   31,317   31,317  
Ice  3,668   5,480   5,480   5,480   5,480   5,480   5,480   5,480   5,480   5,480   5,480   5,480   5,480   5,480   5,480  
Maintenance  16,660   21,527   33,794   21,993   34,914   23,580   35,381   23,720   37,107   29,973   41,774   30,440   43,361   31,560   43,827  
Other expenses  32,187   46,986   49,440   47,079   49,664   47,397   49,757   47,425   50,102   48,675   51,036   48,769   51,353   48,993   51,446  
Total operating expenses  440,725   598,653   613,374   599,213   614,718   601,117   615,278   601,285   617,350   608,789   622,950   609,349   624,854   610,693   625,414  
                
Profits (-losses) before depreciation  124,344   283,336   268,615   282,776   267,271   280,872   266,711   280,704   264,639   273,200   259,039   272,640   257,135   271,296   256,575  

Depreciation  27,669   26,229   24,962   23,847   22,866   22,002   21,242   20,573   19,985   19,467   19,011   18,610   18,257   17,947   14,986  
                
Profits (-losses) before taxes  96,674   257,107   243,653   258,929   244,406   258,870   245,469   260,131   244,655   253,733   240,028   254,030   238,878   253,350   241,590  

Taxes 18%  17,401   46,279   43,858   46,607   43,993   46,597   44,184   46,824   44,038   45,672   43,205   45,725   42,998   45,603   43,486  
                
Net profits (-losses)  79,273   210,828   199,796   212,322   200,413   212,274   201,285   213,307   200,617   208,061   196,823   208,305   195,880   207,747   198,104  
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Cash flow from operation                
Net profits (-losses)  79,273   210,828   199,796   212,322   200,413   212,274   201,285   213,307   200,617   208,061   196,823   208,305   195,880   207,747   198,104  
Depreciation  27,669   26,229   24,962   23,847   22,866   22,002   21,242   20,573   19,985   19,467   19,011   18,610   18,257   17,947   14,986  

Net cash flow from operation  106,942   237,057   224,758   236,169   223,278   234,276   222,527   233,881   220,602   227,528   215,834   226,915   214,137   225,693   213,089  
                
Investments                
Fishing vessel -46,667   -6,667    -6,667    -6,667    -6,667    -6,667  
Machinery and equipment -66,667          -66,667       
Fishing gear -80,000                
Sea cages -73,333      -36,667      -36,667      
Ranching equipment -18,000        -16,000      -2,000  -16,000        -16,000      

Total investments -284,666   -  -6,667   -  -16,000  -43,333   -  -2,000  -22,667  -66,667  -36,667  -6,667  -16,000   -  -6,667  
                
Cash flow -177,724   237,057   218,091   236,169   207,278   190,943   222,527   231,881   197,935   160,862   179,168   220,248   198,137   225,693   206,423  
                
Accumulated cash flow -177,724   59,333   277,424   513,593   720,872   911,814   1,134,341   1,366,222   1,564,157   1,725,019   1,904,187   2,124,435   2,322,573   2,548,266   2,754,689  
Discounted cash flow -177,724   197,548   151,452   136,672   99,961   76,736   74,524   64,714   46,033   31,176   28,937   29,643   22,222   21,094   16,078  
                
NPV  819,064                
IRR 129%               
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Appendix D 
Operating statement and cash flow analysis for Case IV. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Harvested cod (kg)  405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925   405,925  
                
Operating revenues                
Sales  715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624  
Total operating revenues  715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624   715,624  
                
Operating expenses                
Salaries  83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333   83,333  
Oil  10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730   10,730  
Feed  161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303   161,303  
Insurance  20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000   20,000  
Transportation  92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173   92,173  
Storage  19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817   19,817  
Chartered vessel  33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827   33,827  
Sales cost  27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062   27,062  
Ice  4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736   4,736  
Maintenance  11,527   21,527   11,993   21,993   13,113   23,580   13,580   23,720   15,307   29,973   19,973   30,440   21,560   31,560   22,027  
Other expenses  36,117   37,117   36,164   37,164   36,276   37,323   36,323   37,337   36,495   37,962   36,962   38,009   37,121   38,121   37,167  
Total operating expenses  500,625   511,625   501,139   512,139   502,371   513,884   502,884   514,038   504,783   520,917   509,917   521,430   511,662   522,662   512,175  
                
Profits (-losses) before depreciation  214,998   203,998   214,485   203,485   213,253   201,740   212,740   201,586   210,840   194,707   205,707   194,194   203,962   192,962   203,448  

Depreciation  29,339   27,899   26,631   25,516   24,535   23,671   22,912   22,243   21,654   21,136   20,681   20,280   19,927   19,616   11,319  
                
Profits (-losses) before taxes  185,660   176,100   187,854   177,969   188,718   178,068   189,828   179,343   189,186   173,571   185,026   173,914   184,035   173,346   192,130  

Taxes 18%  33,419   31,698   33,814   32,034   33,969   32,052   34,169   32,282   34,054   31,243   33,305   31,305   33,126   31,202   34,583  
                
Net profits (-losses)  152,241   144,402   154,040   145,934   154,749   146,016   155,659   147,061   155,133   142,328   151,722   142,610   150,909   142,143   157,546  
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Cash flow analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

                
Cash flow from operation                
Net profits (-losses)  152,241   144,402   154,040   145,934   154,749   146,016   155,659   147,061   155,133   142,328   151,722   142,610   150,909   142,143   157,546  
Depreciation  29,339   27,899   26,631   25,516   24,535   23,671   22,912   22,243   21,654   21,136   20,681   20,280   19,927   19,616   11,319  

Net cash flow from operation  181,580   172,300   180,671   171,451   179,284   169,687   178,571   169,304   176,787   163,464   172,402   162,889   170,835   161,760   168,865  
                
Investments                
Fishing vessel   -6,667    -6,667    -6,667    -6,667    -6,667  
Machinery and equipment -66,667          -66,667       
Fishing gear -160,000                
Ranching equipment -18,000        -16,000      -2,000  -16,000        -16,000      

Total investments -244,667   -  -6,667   -  -16,000  -6,667   -  -2,000  -22,667  -66,667   -  -6,667  -16,000   -  -6,667  
                
Cash flow -63,087   172,300   174,005   171,451   163,284   163,021   178,571   167,304   154,120   96,798   172,402   156,223   154,835   161,760   162,198  
                
Accumulated cash flow -63,087   109,213   283,218   454,669   617,953   780,974   959,544   1,126,848   1,280,969   1,377,766   1,550,169   1,706,391   1,861,227   2,022,986   2,185,185  
Discounted cash flow -63,087   143,584   120,837   99,219   78,744   65,514   59,803   46,691   35,843   18,760   27,844   21,026   17,366   15,119   12,633  
                
NPV  699,896                
IRR 273%               
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Appendix E 
Operating statement and cash flow analysis for Case V. All values are in Euros (€). 

Operating statement 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Harvested cod  906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487   906,487  
                
Operating revenues                
Sales 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 
Total operating revenues 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 1,542,910 
                
Operating expenses                
Salaries  130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000   130,000  
Oil  22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586   22,586  
Feed  320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495   320,495  
Insurances  26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667   26,667  
Transportation  183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140   183,140  
Freeze storage  5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924   5,924  
Cost of capturing  151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081   151,081  
Sales cost  60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432   60,432  
Ice  10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576   10,576  
Maintenance  50,186   60,186   50,653   60,653   53,453   63,919   54,059   63,919   57,326   76,519   66,659   76,986   69,926   79,926   70,533  
Other expenses  80,442   81,442   80,489   81,489   80,769   81,815   80,829   81,815   81,156   83,075   82,089   83,122   82,416   83,416   82,477  
Total operating expenses 1,041,530 1,052,530 1,042,043 1,053,043 1,045,123 1,056,637 1,045,791 1,056,637 1,049,384 1,070,497 1,059,651 1,071,010 1,063,244 1,074,244 1,063,911 
                
Profits (-losses) before 
depreciation  501,381   490,381   500,867   489,867   497,787   486,274   497,120   486,274   493,527   472,414   483,260   471,901   479,667   468,667   478,999  

Depreciation  49,934   48,494   47,227   46,111   45,130   44,267   43,507   42,838   42,249   41,731   41,276   40,875   40,522   40,211   37,250  
                
Profits (-losses) before taxes  451,447   441,887   453,641   443,756   452,657   442,007   453,613   443,436   451,277   430,683   441,984   431,026   439,145   428,455   441,749  

Taxes 18%  81,260   79,540   81,655   79,876   81,478   79,561   81,650   79,819   81,230   77,523   79,557   77,585   79,046   77,122   79,515  
                
Net profits (-losses)  370,186   362,347   371,985   363,880   371,179   362,446   371,963   363,618   370,047   353,160   362,427   353,441   360,099   351,333   362,235  
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Cash flow analysis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
                

Cash flow from operation                

Net profits (-losses) 370,186 362,347 371,985 363,880 371,179 362,446 371,963 363,618 370,047 353,160 362,427  353,441   360,099   351,333   362,235  

Depreciation  49,934   48,494   47,227   46,111   45,130   44,267   43,507   42,838   42,249   41,731   41,276   40,875   40,522   40,211   37,250  

Net cash flow from operation  420,120  410,841 419,212 409,991 416,309  406,713   415,470   406,455   412,297   394,891   403,703   394,316   400,621   391,545   399,484  
                
Investments                
Fishing vessel   -6,667    -6,667    -6,667    -6,667    -6,667  
Machinery and equipment -133,333          -133,333       
Fishing gear -80,000                
Freezing storage -481,610                
Ranching equipment -42,000        -40,000    -2,000    -40,000        -40,000  -2,000    

Total investments -736,943   -  -6,667   -  -40,000  -6,667  -2,000   -  -46,667  -133,333   -  -6,667  -40,000  -2,000  -6,667  
                
Cash flow  -316,823 410,841 412,545 409,991 376,309 400,046 413,470  406,455   365,630   261,558   403,703   387,649   360,621   389,545   392,818  
                
Accumulated cash flow -316,823  94,018 506,563 916,554 1,292,863 1,692,909  2,106,379   2,512,834   2,878,465   3,140,022   3,543,725   3,931,374   4,291,995   4,681,540   5,074,357  
Discounted cash flow -316,823  342,368 286,490 237,263 181,476 160,770  138,470   113,434   85,034   50,692   65,200   52,173   40,446   36,408   30,595  
                
NPV 1,503,996               
IRR 129%               

 


