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The dynamic �shery model

I Single species/stock �shery with a sole owner

I Owner maximises PV of the resource

max
q

Z T

0
π (�) e�rtdt s.t. ẋ = g (x (t))� q (t)

where

π (q (t) , x (t)) � pq (t)� c (q (t) , x (t))
I Current value Hamiltonian

Hc (�) � π (�) + λ (t) [g (x)� q (t)]
I Necessary conditions...

I

Hcq = πq � λ = 0
I

λ̇� rλ = �Hcx = �πx � λg 0 (x)
I

ẋ = Hcλ = g (x)� q (t)
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π (�) e�rtdt s.t. ẋ = g (x (t))� q (t)

where

π (q (t) , x (t)) � pq (t)� c (q (t) , x (t))
I Current value Hamiltonian

Hc (�) � π (�) + λ (t) [g (x)� q (t)]
I Necessary conditions...

I

Hcq = πq � λ = 0

I

λ̇� rλ = �Hcx = �πx � λg 0 (x)
I
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The dynamic �shery model contd.

I Optimal exploitation requires

πq = λ

λ̇

λ
= r � πx

λ
� g 0 (x)

I Assume T ! ∞ and a steady state
I This implies

ẋ = 0 ) g (x) = q (t)

λ̇ = 0

I Hence
r = g 0 (x) +

πx
πq

I This is the �fundamental equation of renewable resources�
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Stock growth

I The simplest biological growth model is the logistic model

g (x) � γx
h
1� x

K

i
where γ is the intrinsic growth rate and K is the
environmental carrying capacity

I Maximum sustainable yield (MSY) is where g 0 (x) = 0 and
hence x = K/2

I Single species, deterministic model
I Purely biological model: no prices
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The static �shery model

I De�ne harvest (catch) as a function of �shing �e¤ort�

q (e) � θex

where θ is a �catchability coe¢ cient�

I Using the logistic growth model, set q (e) = g (x)
I Then

q (e) = θeK
�
1� θe

γ

�
I Total �shery pro�ts are given by

pq (e)� c (e)

I For simplicity, assume constant prices
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The Gordon-Schaefer model



The static �shery model contd.

I Maximum economic yield (MEY) at eMEY where
pq0 (e) = c 0 (e)

I Economic pro�t � resource rent
I Open access (competitive) equilibrium at eOA
I At eOA resource rent is dissipated through excessive
harvesting costs

I An example of market failure - absence of a resource price
I Static, long run, model: discount rate implicitly zero
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The dynamic optimum

I Fundamental equation of renewable resources (in terms of
harvest)

r = g 0 (x) +
πx
πq

I The term πx/πq is the marginal stock e¤ect (MSE)
I If the MSE is zero, then

r = g 0 (x) � 0

I If the MSE is positive, then

r > g 0 (x) R 0

I A high discount rate could imply that depletion is optimal!
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The dynamic optimum contd.

I A sole owner or social planner takes into account the
dynamics of the stock and hence the shadow price λ

I Individual (competitive) �rms in an open access �shery have
no incentive to consider λ

I Under open access, �rms behave as if r = ∞
I Can be seen as an externality problem
I The �Tragedy of the Commons�
I Need for �shery management (regulation)
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