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industries . . . . . . . . . . . . . . . . . . . . species 
 
firms . . . . . . . . . . . . . . . . . . . . . . . . individual plants and animals 
 
 
 
 

Economy and Ecosystem Analogies 
 
      Economy         Ecosystem 

maximize profits . . . . . . . . . . . . . . . maximize net energies 
 
quantities . . . . . . . . . . . . . . . . . . . .  biomasses 
 
 dollar prices  . . . . . . . . . . . . . . . . . . energy prices 
 
 
 
 

firms demand inputs . . . . . . . . . . . . predators demand biomass 
 
firms supply outputs . . . . . . . . . . . . prey supplies biomass 
 
market exchange . . . . . . . . . . . . . . . biomass transfers 
 
macro outcomes . . . . . . . . . . . . . . .  population densities 
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All energy in the system originates with the sun 



 1) net energy for an individual flatfish 

2) four optimality conditions for flatfish 
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Objective function and conditions for optimality in the adaptive general equilibrium calculations: 
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Some population dynamics 
following a one period,  
30% harvest of alewife/ 
herring.  
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Households 

Commercial fishing 

Sport fishing 

Animal feeding 

Other agriculture 

Water treatment 

Miscellaneous 

Commodity markets 

Factor markets 

Ex-regional trade 

Ex-regional trade 

Real good flows 
Monetary flows 

Provisioning ecosystem service 
Ecosystem externality 

Government fisheries policies 

Economy on the left integrated with 
the ecosystem on the right 



Ecosystem Externalities 
Externality Effect 

Species directly 
impacted 

Species indirectly 
impacted 

Nitrogen/ 

Phosphorus 

Reduced water clarity sea grass 
menhaden, alosines, blue 

crab 

Oxygen depletion 
sea grass, blue crab, 
oyster, striped bass, 

menhaden 

menhaden, alosines, blue 
crab, striped bass 

Reduced water quality 
oyster, striped bass, 
menhaden, alosines 

striped bass 

Chemicals 
Habitat loss oyster crab 

Reduced water quality 
oyster, striped bass, 
menhaden, alosines 

striped bass, crab 

Sediment Reduced water quality sea grass, oyster 
menhaden, alosines, blue 

crab 

Fishery 

Habitat destruction sea grass 
menhaden, alosines, blue 

crab 

Population loss 
blue crab, oyster, striped 
bass, menhaden, alosine 

blue crab, striped bass 

Spawning 
habitat loss 

American shad striped bass 

Increased 
temps 

Disease oyster blue crab 



Ecosystem Services – Commercial Fishing 

Total Catch 
(million lbs) 

Total Revenue 
(million $) 

Striped bass 
 4.687 9.165 

Alosine (alewife, shad, 
blueback herring) 0.98 0.332 

Blue crab 111.95 131.227 

Eastern oyster 1.819 10.615 

Menhaden 448.997 35.231 



Ecosystem Services – Commercial Fishing 

Striped 
bass Shad 

Blueback 
Herring and 

alewife 
Blue crab Eastern 

oyster Menhaden 

Regulations 

-commercial 
license 

-
minimum/m
aximum size 
-annual TAC   

-annual 
individual 

quota 

 

-moratorium -moratorium 

-commercial 
license 

-minimum size 
-location 

-daily quota 
-gear 

-life cycle-
stage 

-season 

 

-harvest 
method-

specific license 
-location 

-minimum size 
-annual TAC  

-daily 
individual 

quota 

-TAC 

Regulator 
Marine 

Resources 
Commission  

Marine 
Resources 

Commission  

Marine 
Resources 

Commission  

Marine 
Resources 

Commission  

Marine 
Resources 

Commission  

Atlantic States 
Marine 

Fisheries 
Commission 



   

In the Economy: Regulated Fishery 

-- total allowable catch is set 

-- harvest depends on  
    aggregate effort and fish 

minimize 
subject to 

-- minimize cost of effort 



Ecosystem Services – Recreational Fishing 

2011 Striped 
Bass 

Catch  
(millions of lbs) 

Angling days 
(millions) 

For-hire charter 
boats 0.9362 0.1911 

Private/rental 
boats 2.8337 3.2345 

Shore 0.0314 2.2925 



Recreational Fishing – supply side 
 



Recreational Fishing – demand side 

• Challenge to mesh the trip level, non-
market demand models of Massey, 
Newbold and Gentner (2006) and 
Gentner, Steinback, and Lee. 2012. 

• Plan to nest the non-market demand 
component in an upper level utility 
function in the CGE in the same fashion as 
typically made for labor-leisure choices. 
 



Ecosystem Services – Nutrient waste disposal  



Neuse Estuary & Hypoxia 



Neuse– Blue Crab Consequences 



Neuse– Ecological Consequences 



Neuse– Blue Crab Economic Consequences 



Neuse– Economic Consequences 



Summary 

• Model use is in assessment of policies 
• Weighs ecological and economic outcomes  
• Tracks ecological consequences 
• Tracks economic consequences 

– Provides aggregate welfare 
– Provides stakeholder specific welfare 

measures 
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