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Bilevel Multiobjective Optimization Problem

Bilevel optimization to solve nested problems (Bard, 1998).

» The solution set of optimal policy incentives and management
practices depends on the profit maximizing behavior of
individual producers.

» Basin-level policy cost and Nitrogen minimization is the outer
optimization (upper level).

P> Farm-level profit maximization in response to the policy
incentive is nested (lower level).

» Transforms single objective (max social surplus) to
multiobjective problem: minimize economic cost, minimize
pollution level



Schematic Overview

MNonpoint Pollution Problem:

Maximize Net Benefits of Nitrogen Reduction
# Uncertainty (emissions source, damage costs)
* Heterogeneity (soil quality, hydrology)

* No Unique Analytical Solution in Practice
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Integrated Bilevel Optimization Framework
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Bilevel Multiobjective Optimization Problem
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Bilevel Optimization Solution Process

Randomly Generate Initial Population
of Fertilizer Tax Rates

Evaluate Fitness

Genetic Algorithm Operations:
Selections, Crossover, Mutation

Objective 1: Objective 2:
Maximize Profit subject Minimize Nitrogen at
to Fertilizer Tax Profit Max

Evaluate
Fitness SWAT

Assign Fitness using Non-Dominated
Sorting Algorithm (NSGA-II)




Model Calibration lowa Raccoon River Watershed

Economic Production Model:

» Production model parameters estimated from agronomic data
(Secchi et al., 2011; Randall, 2012)

» Price data drawn from 2002 Census of Agriculture

SWAT Biophysical Model:

» SWAT model calibrated following Jha et al.( 2007; 2010)
» 2002 Land Use Land Cover data (IDNR 2002)

» 1996-2004 Climate data, calibrated for 2001-2004 (Jha et al.,
2009)



Figure: The Raccoon Watershed, SWAT Delineation (Jha et al., 2010)



Combined Policy Results
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*Note, vertical lines indicate maximum feasible nitrogen reduction levels for
each policy scenario, in percent of the baseline load.



Fertilizer Spatial Results
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Profit Spatial Results
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Next Steps

Future extensions of this framework include:

» Expand geographic scale to UMRB, connect to Gulf Hypoxia
» Update with more recent data

» Inclusion of additional environmental objectives, such as
biodiversity measures or water flow

» Analyze changing tradeoffs over time (technology growth,
climate change)

» Incorporate other management practices (tiling, terracing,
etc.)



