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The Game Single Lake Problem

Coupled Lake Problem

The Single Lake Game

>

Players: Communities that share the lake

v

Pollution: Phosphorus applied to land (controls)
Accumulation in the lake (state)

v

Benefits: Increased crop production — profits

v

Costs: Phosphorus — nutrients for weeds and algae
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The Game Single Lake Problem

Coupled Lake Problem

Upstream /Downstream Game

>
>
>
>
>

Players: Upstream and downstream communities

Pollution: Upstream and downstream application of P
Interconnection: Some upstream pollution flows downstream
Benefits: Increased crop production

Costs: Accumulation of phosphorus in the lakes
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Characterization
The Model Cooperative Game
Noncooperative Game

Assumptions

» Separable functional form for costs and benefits
» Agreement on functional form of costs

» Player's benefits are a function of his/her own loading
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Characterization
The Model Cooperative Game
Noncooperative Game

State Equations

» Upper lake
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Characterization
The Model Cooperative Game
Noncooperative Game

State Equations

» Upper lake
Xt
X1 =boxe g D
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» Lower lake
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Characterization
The Model Cooperative Game
Noncooperative Game

Weighted Social Welfare Criteria

» The Planner's Problem

max Zﬁ (Wl e, ane X)) — AWa(ar, - aam,t7Yt))
ait
Xt+1—bxt+ +Zalt

2
yt+1—b)/t+1+ 2+Zalt+ﬂxt
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Characterization
The Model Cooperative Game
Noncooperative Game

Objectives and the Game Potential

» Each upper lake pIayer solves
ma E /3t ( i\aj — K;C )
Hin t); u; ( t) k (Xt)

Xt+1 = bXt + + Z aj.t
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Characterization
The Model Cooperative Game
Noncooperative Game

Objectives and the Game Potential

» Each upper lake player solves

g,a:; Zﬁt (u,(a, : k,-c(xt))

2
Xt
Xe+1 = bxe + 152 2 + E,- ajt

» Potential function

max Zﬁt (Z ui(ait)/ ki — C(Xt)>

{a1,t--.an,}
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Characterization
The Model Cooperative Game
Noncooperative Game

Objectives and the Game Potential

» Each lower lake player solves

i Zﬁ (4i3i0) ~ kie())

y2
1+y?

Ye+1 = by + +Zajt+ﬂxt
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Characterization
The Model Cooperative Game
Noncooperative Game

Objectives and the Game Potential

» Each lower lake player solves

i Zﬁ (4i3i0) ~ kie())

y2

1+y?

Ye+1 = by + +Zajt+ﬂxt

» Potential function

max Z Bt Z uj(ajt)/ ki — c(yt)
J

{av,t...am,e}
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General Results

Properties of Solutions

» Two possible optimal steady states:

Low P oligotrophic low in nutrients
High P eutrophic high in nutrients
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General Results

Properties of Solutions

» Two possible optimal steady states:

Low P oligotrophic low in nutrients
High P eutrophic high in nutrients

» Upper lake converges monotonically to SS
» Skiba points (both steady states are optimal)
» Lower lake very sensitive to u
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General Results
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General Results

Y+1=Y; function and policy functions for downstream lake, u=0.01, upstream steady state x,=0.3347
0.4 T T
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Downstream policy when upstream lake is at steady state, ux,=0.003347
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General Results
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Upper Lake

Lower Lake

Numerical Si

Upstream Lake -- Irreversible
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Upper Lake
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Upper Lake

Lower Lake

Numerical Si

Downstream Lake mu =0.00
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Upper Lake

Lower Lake

Numerical Si

Downstream Lake mu =0.01
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Upper Lake

Lower Lake

Numerical Si

Downstream Lake mu =0.02
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Upper Lake

Lower Lake

Numerical Si

Downstream Lake mu =0.03
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