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Lecture Content

1) Introduction about myself

2) Fisheries and fisheries management in Norway

3) Basic Bioeconomic Model and Fisheries 

Management



Tromsø, Norway



• In the north of Arctic circle

• 9 campus

• 3500+ staff

• 17 000 students

• 35 English courses

• https://en.uit.no/educatio

n

UiT the Arctic University of Norway           



World Fisheries and Aquaculture

SOFIA 2018: http://www.fao.org/3/i9540en/I9540EN.pdf
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Status of the World Fish Stocks

SOFIA 2018: http://www.fao.org/3/i9540en/I9540EN.pdf
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A Traditionally Fishing Nation - Norway

Bergen, 1890 -1905

Svolvær , 1890s

https://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjdqPKV3fjZAhVH2ywKHayPBLwQjRx6BAgAEAU&url=https://www.theguardian.com/environment/2018/jan/15/european-parliament-to-decide-future-of-pulse-fishing&psig=AOvVaw0Ym4U1J9CIqICsKL2jQPyZ&ust=1521560551535738


Norwegian Fisheries

Based on fish species characteristics:

 Pelagic species: herring, mackerel, capelin, brisling (sprat), sandeel,
Norway pout, blue whiting, etc.

 Demersal species: cod, saithe, haddock, pollack, ling, tusk, halibut,

Based on fishing locations and gears:

 Coastal fisheries: Conventional, coastal
seiners, trawler.

 Ocean fisheries: Conventional, cod
trawler, pelagic trawlers.



Norwegian Fishing Vessels

Source: www.ssb.no



Norwegian Fishing Vessels
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Norwegian Fishing Vessels

Source: www.ssb.no



Fishers

Source: www.ssb.no



Fish Landings and landed Value 

Source: www.ssb.no



Landings by Species



Seafood Export

Source: www.ssb.no



Norwegian Fisheries Regulation Chain



Main Fisheries Regulations in Norway

Input Regulations

• Vessels:  Concessions, annual license

• Gear restrictions and Seasonal closure

Output Regulations

• Quotas (TAC, IVQ)

• Harvest control rules

• By-catch and discard

• Toward ecosystem-based management



A Modern Farming Country?

Source: www.ssb.no



Resource Economics 

– Some Concepts

• Economics – study of allocation of limited resources for human 
wants and desires;

• Resource scarcity – limited resource for unlimited needs (its 
use costly)

• Use of Resources incurs an opportunity cost – make choices

• Economic rent – profit earned exceeds the opportunity costs of 
all input factors.

• Resource rent – super normal profit from exploiting or 
extracting resources (may vary?)



Fish and Fisheries

Fish:
• A renewable resource (self reproduction);
• Characterized with natural growth and carrying capacity;
• Subject to harvest for food and nutritional needs;

Fisheries:
• Involve Fishers who Employ fishing vessels and gears;
• Harvested for personal and commercial uses;
• Subject to management control;

Fishing Effort: type and amount of technologies (tools) used,

Type of fisheries:
• Inshore fishing vs. Ocean-going fishing
• Small-scale vs. Industrial (large-scale) fisheries
• Commercial, recreational, subsistence, artisanal fisheries



Issues Related to Fish Resource and Fisheries

• Fish stock declining;

• Too many fishing vessels;

• Advanced fishing technology;

• Falling catch and low income;

• Waste and loss;

• Habitat destruction/pollution;

• Climate change;

• ……

• Open Access – Tragedy of the 

commons;

• Over capacity;

• Over fishing;

• Globalization;

• IUU fishing and bycatch;

• Conflicts between fishing;

• Not right management;

• ……



Fisheries Economics

The study of how society (or fishers) decides: 

 What type of fish(es) (or fisheries) to harvest (Production)

 How to harvest (technology)

 Harvest  for whom (consumption and distribution)

 For what purpose (economics, social, etc)

Goals of allocation of scare resources are:

 Producers (fishers): Maximize profit

 Consumers: maximize satisfaction (utility)

 Society: maximize social welfare



Important Reference Points

1) 𝐒𝐮𝐬𝐭𝐚𝐢𝐧𝐚𝐛𝐥𝐞 𝐘𝐢𝐞𝐥𝐝 𝐡𝐚𝐫𝐯𝐞𝐬𝐭

2) 𝐌𝐒𝐘 (𝐌aximum 𝐒ustainable 𝐘ield)

3) Open Access (OA)

4) MEY (Maximum Economic Yield);



Important Reference Points

𝑬𝑴𝑬𝒀 𝑬𝑶𝑨𝑬𝑴𝑺𝒀

𝐅𝐢𝐬𝐡𝐢𝐧𝐠 𝐞𝐟𝐟𝐨𝐫𝐭

𝐕
𝐚
𝐥𝐮
𝐞
𝐬
(𝐘
𝐢𝐞
𝐥𝐝
)

What are E, 
X and Y for 
three
cases?



Fish Population

Stock Change = Growth + Birth – Death + immigration –
emmigration - harvest

Stock Change = Growth + Recruitment – Harvest

Stock Change = Growth – Harvest

ሶ𝑋 = 𝑋𝑡+1 − 𝑋𝑡 = 𝐹(𝑋)

ሶ𝑋 = 𝑋𝑡+1 − 𝑋𝑡 − 𝐻𝑡 = 𝐹 𝑥 − 𝐻𝑡

Without Fishing: 

With Fishing:



Biological Model - Fish Growth

http://sites.google.com/site/fisherieseconomics/cohortbiomass1.gif
http://sites.google.com/site/fisherieseconomics/stockbiomass1.gif


Biological Model - Fish Growth

http://sites.google.com/site/fisherieseconomics/stockbiomass1.gif


Biological Model –
Population Dynamics

A B

K
K/2

F’(x)

KK/2

F(x)

Logistic Growth Function:

𝐹′(𝑋) =
𝑑𝐹 𝑋

𝑑𝑋
= 𝑟(1 − ൗ2𝑋

𝐾)



Biological Equilibrium

Q: What is biological Equilibrium?

ሶ𝑋 = 𝐹 𝑋 = 𝑟𝑋(1 − ൗ𝑋 𝐾)

𝐹′ 𝑋 =
𝜕𝐹 𝑋

𝜕𝑋
= 𝑟 1 − ൗ2𝑥

𝐾 = 0

Q: What is maximum biological
Equilibrium?

𝑋𝑀𝑆𝑌 = ൗ𝐾 2

𝐹(𝑋𝑀𝑆𝑌) = ൗ𝑟𝐾
4

F’(x)

KK/2

K/2
F’(x)>0

F’(x)<0
F’(x)=0

F(x)

http://sites.google.com/site/fisherieseconomics/compensation3.gif
http://sites.google.com/site/fisherieseconomics/compensation1.gif


Harvest – Production Function

𝐻 = 𝐻 𝑋, 𝐸 = 𝑞𝐸𝑋

𝐸5

𝐸4

𝐸3

𝐸2

𝐸1

𝐸5𝐸4𝐸2𝐸1 𝐸3𝑋5𝑋4𝑋2𝑋1 𝑋3



Equilibrium harvest

𝐻 = 𝐻 𝑋, 𝐸 = 𝑞𝐸𝑋

𝐹(𝑋) = 𝐻 𝑋, 𝐸

Q: What is maximum equilibrium harvest (yield) - MSY?

𝐹 𝑋 = 𝑟𝑋(1 − ൗ𝑋 𝐾)



Equilibrium Harvest

𝐻(𝐸) = 𝑞𝐾𝐸 (1 − Τ𝑞𝐸
𝑟)

𝑟𝑋(1 − ൗ𝑋 𝐾) = 𝑞𝐸𝑋

X = 𝐾(1 − ൗ𝑞𝐸
𝑟)

𝑋𝑀𝑆𝑌 = 𝐾/2

𝐻𝑀𝑆𝑌 = 𝑟𝐾/4

𝐸𝑀𝑆𝑌 = 𝑟/2𝑞

Fishing effort (E)

𝑯
(𝒉
𝒂
𝒓
𝒗
𝒆
𝒔
𝒕)

𝑿
(𝒔
𝒕𝒐
𝒄𝒌

𝒔
𝒊𝒛
𝒆
) 𝑲

𝒓/𝒒



Economics

𝑇𝑅 = 𝑝 ∙ 𝐻 𝐸 = 𝑇𝑅(𝐸)

i) Total Revenue from Fishing (TR):

ii) Total Cost of Fishing (TC):

𝑇𝐶 = 𝑐 ∙ 𝐸 = 𝑇𝐶(𝐸)

iii) Resource Rent:

𝜋 = 𝑇𝑅 − 𝑇𝐶

𝑅𝑒𝑣𝑒𝑛𝑒/𝐶𝑜𝑠𝑡

Fishing effort (E)



Economics

𝑇𝑅 = 𝑝 ∙ 𝐻 𝐸 = 𝑇𝑅(𝐸)

Total Revenue from Fishing (TR):

a) Average revenue:

𝐴𝑅 =
𝑇𝑅

𝐸
=
𝑇𝑅 𝐸

𝐸
= 𝐴𝑅(𝐸)

b) Marginal revenue:

𝑀𝑅 =
𝑑𝑇𝑅(𝐸)

𝑑𝐸
= 𝑀𝑅(𝐸)



Economics - Revenue

𝐻 = 𝑞𝐾𝐸 (1 − Τ𝑞𝐸
𝑟)

𝑇𝑅 = 𝑝 ∙ 𝐻 𝐸 = 𝑇𝑅(𝐸)

𝑇𝑅 = 𝑝 ∙ 𝐻 𝐸

= 𝑝 ∙ 𝑞𝐾𝐸 (1 − ൗ𝑞𝐸
𝑟 )

𝐴𝑅(𝐸) =
𝑇𝑅 𝐸

𝐸

= 𝑝 ∙ 𝑞𝐾 (1 − ൗ𝑞𝐸
𝑟 )

𝑀𝑅(𝐸) =
𝑑𝑇𝑅(𝐸)

𝑑𝐸
= 𝑝 ∙ 𝑞𝐾 (1 − ൗ2𝑞𝐸

𝑟 )



Economics - Costs

b) Marginal cost:

𝑀𝐶 =
𝑑𝑇𝐶(𝐸)

𝑑𝐸
= 𝑀𝐶 𝐸 = 𝑐

Total Cost of Fishing (TC):

𝑻𝑪 = 𝒄 ∙ 𝑬 = 𝑻𝑪(𝑬)

a) Average cost:

𝐴𝐶 =
𝑇𝐶(𝐸)

𝐸
= 𝑐



Open Access

When fisher is making a nominal profit:

𝐴𝑅 = 𝑀𝐶

𝜋 = 𝑇𝑅 − 𝑇𝐶 = 0 𝐸5𝐸4𝐸2𝐸1 𝐸3

𝐸5𝐸4𝐸2𝐸1 𝐸3

𝑖𝑓 𝐴𝑅 > 𝑀𝐶, then
more fishers enter the fishery

𝑖𝑓 𝐴𝑅 < 𝑀𝐶, then fishers exit the fishery

What is the open access bioeconomic equilibrium?



Open Access

𝑇𝑅 − 𝑇𝐶 = 0

𝑇𝑅 = 𝑝𝐻 𝐸 = 𝑝𝑞𝐾𝐸 (1 − ൗ𝑞𝐸
𝑟 )

𝑬𝑶𝑨 = 𝒓/𝒒 (𝟏 − ൗ𝒄 𝒑𝒒𝒌 )

𝑇𝐶 = 𝑐 ∙ 𝐸

𝑿𝑶𝑨 = 𝒄/𝒑𝒒



Maximum Economic Yield (MEY)
(Maximum resource rent)

𝑬𝑴𝑬𝒀 = 𝒓/𝟐𝒒 (𝟏 − ൗ𝒄 𝒑𝒒𝒌 )=1/2𝑬𝑶𝑨

𝑹𝒆𝒔𝒐𝒖𝒓𝒄𝒆 𝒓𝒆𝒏𝒕 𝝅 𝒊𝒔𝑴𝒂𝒙𝒊𝒎𝒊𝒛𝒆𝒅
𝒘𝒉𝒆𝒏M𝑹(𝑬) = 𝑴𝑪(𝑬)

𝑀𝑅(𝐸) =
𝑑𝑇𝑅(𝐸)

𝑑𝐸
= 𝑝 ∙ 𝑞𝐾 (1 − ൗ2𝑞𝐸

𝑟 )

𝑀𝐶 =
𝑑𝑇𝐶(𝐸)

𝑑𝐸
= 𝑀𝐶 𝐸 = 𝑐

𝑿𝑴𝑬𝒀 =
𝑲

𝟐
+ ൗ𝒄 𝟐𝒑𝒒=𝑿𝑴𝑺𝒀+𝟏/𝟐𝑿𝑶𝑨



Important Reference Points

𝑬𝑴𝑬𝒀 𝑬𝑶𝑨𝑬𝑴𝑺𝒀

𝐅𝐢𝐬𝐡𝐢𝐧𝐠 𝐞𝐟𝐟𝐨𝐫𝐭

𝐕
𝐚
𝐥𝐮
𝐞
𝐬
(𝐘
𝐢𝐞
𝐥𝐝
)

Q: What are fishing effort, 
stock size and harvest levels
for these points?

1) 𝐒𝐮𝐬𝐭𝐚𝐢𝐧𝐚𝐛𝐥𝐞 𝐘𝐢𝐞𝐥𝐝 𝐡𝐚𝐫𝐯𝐞𝐬𝐭

2) 𝐌𝐒𝐘 (𝐌aximum 𝐒ustainable 𝐘ield)

3) Open Access (OA)

4) MEY (Maximum 
Economic Yield);



Important Reference Points

Difference in fishing effort, stock
size and profit for the cases 
of MSY, OA and MEY.

𝑬𝑴𝑬𝒀 𝑬𝑶𝑨𝑬𝑴𝑺𝒀

𝑬𝑶𝑨 > 𝑬𝑴𝑺𝒀 > 𝑬𝑴𝑬𝒀

𝑿𝑶𝑨 < 𝑿𝑴𝑺𝒀 < 𝑿𝑴𝑬𝒀

𝝅𝑴𝑬𝒀 > 𝝅𝑴𝑺𝒀 > 𝝅𝑶𝑨



Fisheries Management

INPUT CONTROL OUTPUT CONTROL

Direct 
control

• Fishing licences
• Capacity restriction (e.g., 

engine power) 
• Limited entry (# of vessels, 

fishing days, season, areas, etc)
• Technical measures (e.g., gears

used, mesh size, etc)
• Marine protected areas (e.g., 

salmon fjord)

• Quota system (TAC; 
IFV; ITQ) )

• Minimum fish size
Minimum price

Indirect
control

• Tax on fishing effort
• Tax/Subsides on fuel
• Buyback program

• Tax on
harvest/landing fee

• Transferable quota
(ITQ)



Fisheries Management
- Economic instrument

𝐈) 𝑻𝒂𝒙 on fishing effort, E

• Effort is reduced, 
• Renevue for government;

c

C

𝑇𝐶
= 𝑐 + 𝑇 𝐸

𝑐 𝐸 (cost without tax)

C + 
T

𝑇𝐶 = (𝑐 + 𝑇) ∙ 𝐸



Fisheries Management 
- Economic instrument

𝐈) 𝑻𝒂𝒙 on harvest

𝑇𝑅(𝐸) = (𝑝 − 𝑇) ∙ 𝐻(𝐸)



Questions

What would you do:

 If you are working as a government officer

 If you are an industrial (large-scale) fisher

 If you are an small-scale fisher

 If you are working for a NGO

 ……


