
Linking agricultural nutrient pollution to the value 
of freshwater ecosystem services

“Integrated assessment models for ag practices and ag policies affecting water 
quality, as well as specific challenges and needs for linking ag practices to 
valuation of water-related ecosystem services affected by ag pollutants.”

Frank Lupi, Michigan State University    

Presented at Heartland workshop in Urbana IL, September, 2019



Why care about Ag? Total Phosphorus Loadings

Luscz et a. 2015
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Garnache et al, Solving the phosphorus pollution puzzle: synthesis and directions for future research. AJAE, 2016





Modeling producer behavior
• Want to answer counterfactuals:

• P tax
• P regulations
• P control subsidies

• NPS pollution is a spatially explicitly phenomena
• Ag data often at larger spatial scale than hydrological model

• Perhaps more challenging:  What behavioral foundation?



Why high P?

• Survey of corn farmers

• ~30% response rate
2/3 web
1/3 paper

• Gathered field & mgmt info
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Measuring water quality



Pool versus bass pondWater quality 
indices & ladders

• WQI: Water quality index

• EPA’s HAWQs-BenSPLASH
model



Ecological production functions



Ecosystem Service: Ecological Production Functions  

Fish Production Model Fish biomass = f(P concentration, water temps)

Algae Production Model Algae in water and on beach = 
f(P concentration, nearshore habitat)

Water Quality Models WQ = f(P concentration, e-coli, clarity)

Biological Condition Model BC = f(P concentration, natural factors)



Ecosystem Services 

Fish Production Model Fish biomass = f (P concentration, water temps)

• Species-specific game fish biomass related to: 
• Temps, morphology, etc.
• Phosphorus

• Boosted regression trees

• Partial dependence plots relate P to 
abundance

(Esselman et al, 2015)

Phosphorous 



Demand for Ecosystem Services 

Fishing Demand Models Value = f (fish biomass by species)

Beach Demand Model Value = f (algae in water and on beach)

Non-use Values Value = f (safety, clarity,  game fish,  biological condition)



Recreation Fishing Demand & Species Biomass

Take a River Fishing Trip?

River-Stream

232 HUC 12 watersheds

Don’t go

Melstrom et al. 2015 Esselman et al. 2015. 
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Recreation Fishing Demand & Species Biomass

Take a River Fishing Trip?

River-Stream

232 HUC 12 watersheds

Don’t go

Take a Lake Fishing Trip?

Inland Lakes

1615 individual lakes >10 acres

Don’t go

Brook trout,  Brown trout
Bass,  Panfish,  Walleye

Bass, Yellow perch, 
Panfish, Walleye

Melstrom et al. 2015 Klatt et al. in progress



Beaches 
and Algae



Example: Macroalgae and Plants Foul Beaches

Algae Production Model Algae in water and on beach = 
f(P concentration, nearshore habitat)

Cladophora



Demand for Ecosystem Services 

Beach Demand Models Value = f (algae in water and on beach)
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Challenges…

• Time, effort, foresight, money…

• Mis-match of scales: 
• spatial, 
• temporal 
• ES aggregation

• Never-the-less, still “fine-grain’ valuation 
(site-specific demand models and non-use valuation tied to real metrics for MI)





• Need more CGEs and other ways to capture/quantify other broader 
effects of improved WQ

• NPS pollution literature since 1988…
• Still working on targeting controls
• Still rely on paying farmers
• Still costly (time consuming) to do site-specific efforts

• Does current NPS pollution approach incentivize development of new 
or improved, more cost effective approaches?

• What economic force drives that cost down? 
• Are current forces sufficient?
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