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Introduction

 Climate change -> Migrating fish stocks
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In: Ellefsen (2013)



Introduction

 Climate change -> Migrating fish stocks

 Identified as challenge to cooperative management
 Existing agreements may break down (Herring stocks, Mackerel 

stock)
 Different incentives to conserve (Hannesson 2013)
 Different perceptions of underlying pattern (Ellefsen et al, 2014)
 Different bargaining positions in agreements (Walker & Weikard, 2016)

 Newly emerging players
 Incentives to overfish by current stock owners (Hannesson 2007, 

Diekert & Nieminen 2016)
 Sometimes up to the point of extinction 
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The existence of entry costs

 Most papers assume immediate and cost-free entry
 Except Mason & Polasky 1994, 2002

 Although true for some species and countries, not true for all
 Fleet expansion needed
 Possible changes of gear (e.g. trawl to purse seine)

 Therefore entry costs exist

 Entry costs are sunk
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The importance of entry costs

Mason & Polasky show in their papers for a simultaneous harvesting:

 Entry costs may delay entry compared to no entry costs
 Have complicated welfare effects 
 If fall over time -> incumbent may drive the stock to extinction

 No investigation of effect of uncertainty & entry costs
 Uncertainty introduces option value: it may pay to wait (e.g. 

Dixit and Pindyck, 1994)
 Uncertainty can cause sunk costs to be commitment device 

(Cabral & Ross 2008)
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The model

Sequential fishing model:
1. Country 1 fishes
2. If entered, country 2 fishes on stock left behind by C. 1
3. Stock regrows from stock left behind St-1 by C. 2 (or C. 1) by 𝐺𝐺(𝑆𝑆𝑡𝑡−1)

𝐺𝐺(𝑆𝑆𝑡𝑡−1) has diminishing marginal returns to St-1

Profit function discrete GS model. In 1 period:

𝜋𝜋𝑖𝑖𝑡𝑡 = �
𝐸𝐸𝑖𝑖𝑖𝑖

𝑋𝑋𝑖𝑖
𝑝𝑝 −

𝑐𝑐𝑖𝑖𝑡𝑡
𝑣𝑣

𝑑𝑑𝑣𝑣 = 𝑝𝑝 𝑋𝑋𝑡𝑡 − 𝐸𝐸𝑖𝑖𝑡𝑡 − 𝑐𝑐𝑖𝑖𝑡𝑡 ln
𝑋𝑋𝑡𝑡
𝐸𝐸𝑖𝑖𝑡𝑡

 Countries have different fishing costs ci and these change (due to stock 
shifts)
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Harvest decision player 1

Entry decision player 2

Harvest decision player 2

Stock regenerates 
(deterministic) & Nature 
decides future costs 

q 1-q q 1-q

Harvest decision player 1

Entry decision player 
2

Harvest decision player 2

∞ ∞ ∞ ∞



Further assumptions

 𝑐𝑐2𝑡𝑡 < 𝑐𝑐1𝑡𝑡 ∀𝑡𝑡
 To prevent corner solutions

 On the q-branch 𝑐𝑐2 falls and 𝑐𝑐1 rises
 Off the q-branch 𝑐𝑐2 rises and 𝑐𝑐1 falls and entry is not 

profitable at this point

 Countries have the same discount rate δ

 Country 2 can only fish after having paid entry costs C (once)
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Solving the game

 In steady state uncertainty has been resolved
 If country 2 has entered at the steady state:
 Standard sequential fishing game:

𝐸𝐸𝑖𝑖∗ =
𝑐𝑐𝑖𝑖2
𝑝𝑝

 Maximization of short term profits

 If country 2 has not entered it will enter only if: 

𝑝𝑝 𝐸𝐸12 − 𝐸𝐸22 − 𝑐𝑐22 ln
𝐸𝐸12
𝐸𝐸22

+
𝑝𝑝 𝐸𝐸12 − 𝐸𝐸22 − 𝑐𝑐22 ln 𝐸𝐸12

𝐸𝐸22
𝛿𝛿 > 𝐶𝐶

 Country 1 knows this and can deter entry if it can set E12 low 
enough
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First results of entry costs

 For high entry costs: 
 Deterrence is easy 
 Country 1 can proceed as:

 Sole owner
 In between sole-owner and non cooperative escapement

 For medium high entry costs
 Deterrence is not so easy
 Country 1can act as:

 Non-cooperative harvester
 Or set escapement even lower if 𝑬𝑬𝟏𝟏∗ > 𝑬𝑬𝟏𝟏𝑫𝑫 > 𝑬𝑬𝟐𝟐∗

 Intuition: giving up current profits for higher future returns

 For low entry costs deterrence is infeasible
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Before Nature’s move

 If country 2 has entered: standard sequential game

 At entry point country 2 compares expected payoff of entry 
now with expected payoff of entry later

 Decision enter if:

𝑝𝑝 𝐸𝐸11 − 𝐸𝐸21 − 𝑐𝑐21 ln
𝐸𝐸11
𝐸𝐸21

Current profit

+
1 − 𝑞𝑞
𝛿𝛿 𝑝𝑝 𝐸𝐸12 − 𝐸𝐸22 − 𝑐𝑐22

𝐻𝐻𝑖𝑖𝐻𝐻𝐻 ln
𝐸𝐸12
𝐸𝐸22

Future profits off Q−branch

> 1 −
𝑞𝑞

1 + 𝛿𝛿 𝐶𝐶

Cost reduction
bywaiting

 Again country 1 can sometimes manipulate this
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Numerical example

 Logistic growth function:

𝐺𝐺 𝑆𝑆𝑡𝑡−1 = 𝑆𝑆𝑡𝑡−1(1 + 0.9(1 −
𝑆𝑆𝑡𝑡−1

1
)

 Price of fish p = 1; δ = 11.11%; c11 = 0.5;c21 = 0.4

 Uncertainty q = 0.5; 

 𝑐𝑐12𝑙𝑙𝑙𝑙𝑙𝑙 = 0.45; 𝑐𝑐12
𝐻𝑖𝑖𝐻𝐻𝐻 = 0.55; 𝑐𝑐22𝑙𝑙𝑙𝑙𝑙𝑙 = 0.35; 𝑐𝑐21

𝐻𝑖𝑖𝐻𝐻𝐻 = 0.42

 Entry costs: Vary from 0.4 to 0.005
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∞ ∞ ∞ ∞

Sequential harvesting

Sequential harvesting

Fight

Sequential harvesting

Entry deterrence
Entry costs: 0.4

Entry
deterrence
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q 1-q q 1-q
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Sequential harvesting

Sequential 
harvesting

Acquiesce

Sequential harvesting

Fight
Entry costs: 0.015

Entry
deterrence

Sequential 
harvesting
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q 1-q q 1-q
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Sequential harvesting

Sequential 
harvesting

Acquiesce

Sequential harvesting

Fight
Entry costs: 0.01

Fight
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harvesting



17

q 1-q q 1-q
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Sequential harvesting

Sequential 
harvesting
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Sequential harvesting

Acquiesce
Entry costs: 0.005

Fight
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Entry costs: conclusions

The effects of sunk costs in a renewable resource game are 
multiple:

 They can make entry deterrence easy if high
 They can make overharvesting more severe if medium high
 They can act as a commitment device to guarantee future 

profits

 They merit our attention if present
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