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Project Goal: Investigate, develop, test, and implement an optimization 
system for the Chesapeake Assessment Scenario Tool (CAST) that will 
facilitate identification of more cost-effective and otherwise optimal 
approaches to pollutant load reduction for CBP partners.
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Motivation for Optimization Tool

Would like to find low-cost BMP strategies, but
not feasible to exhaustively try potential scenarios
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Optimization engine
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Beta version using only efficiency BMPs  
to provide utility & gather feedback.
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Visualization Interface



Overview of beta-1 tool

•  Features

•  Components

•  Future developments
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Optimization Engine

•  Runs on the CBP cloud

•  Builds optimization model on-the-fly for a 
particular geography, objective, constraints

•  Optimization Solutions for:
– 197 counties
– 4 objective/constraint combinations
– 50 constraint levels
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Visualization Interface for Chesapeake 
Optimization (VICO)

(Beta-1 Version)

Developed by the Chesapeake Bay Program Office in collaboration with the 
Chesapeake Research Consortium

http://cloudfish.chesapeakebay.net:3838/vico/



Visualization Interface (VICO)

•  Runs on the CBP cloud

•  Presents views of:
– objective space (cost vs. load)

– decision space (BMP acres, summed)

•  Can interactively explore the BMPs 
implemented to achieve certain cost & load
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Selection:
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Selection: County
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Selection: Objective
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Cost vs. Load  
Tradeoff Curve
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BMP acres to achieve load at cost
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VICO version Beta-1 
(Visualization Interface for Chesapeake Optimization)
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VICO version Beta-1 
Considerations and Limitations
•  This first Beta version is in the process of being tested and is not intended for use in Phase III WIP 

development because of potential defects and limitations, known and unknown.

•  BMPs in CAST are of several different varieties, including Efficiencies, Land-Use Change, and Manure 
Transport. This optimization tool is limited to Efficiency BMPs. Greater load reductions can often be 
achieved in CAST utilizing non-efficiency BMPs, such as Buffers.

•  This Beta version utilizes stored data for pre-solved optimization problems. Future releases 
covering more BMP types will solve optmization problems on the fly, requiring more time to generate 
results.

•  This version includes "Planning BMPs." Consequently, some results here may not be available in CAST 
scenarios that are restricted to "Official BMPs" only.

•  Geographic selection is limited to county-scale in the watershed.

•  The assumed per-acre cost estimate of each BMP comes from the "watershed average" cost profile in 
CAST(https://cast.chesapeakebay.net/Documentation/CostProfiles). Future versions of this optimization 
tool will allow specification of your own cost profile, which is a feature available in CAST itself.

•  Load sources in this optimization tool are restricted to non-federal land only. Load sources from other 
agencies or federal land are not included.

•  Agriculture, Developed, and Natural sector load sources are included (excluding "Riparian Pasture 
Deposition" and "Stream Bed and Bank"). Wastewater and Septic sector loads are not included.

•  Base loading values are restricted to 2010 No-Action values and were retrieved from CAST-2017d on 
03/25/2019.
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Features
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Features
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Features

18



Features
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Features
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Features
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Features
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Features
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Efficiency BMPs include:

•  Cover crops

•  Conservation tillage

•  Urban Nutrient management

•  Bio-retention
Rain Gardens
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Methods

CAST data used for acres available, 
BMP efficiencies & costs, base loading, 
load sources, etc.

Rain Gardens

Minimize 
(total cost) 

Constrained by: 
(Target load) 

Nonlinear Optimization Model
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Methods

Instances solved using IPOPT
(interior point / barrier method solver) 
developed at Carnegie Mellon Univ. 
and available as part of the 
Computational Infrastructure for 
Operations Research (COIN-OR)

Code formulated with Pyomo 
(algebraic modeling language library for 
python) developed by Sandia National 
Laboratories

Minimize 
(total cost) 

Constrained by: 
(Target load) 

Nonlinear Optimization Model



Current version components
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CAST Source 
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Run Scripts
Model / Study 
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S3	
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High-level Components
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Much more work to be done!

•  Improving VICO beta-1
–  In response to feedback
–  To eliminate known limitations
–  Ideas from all the feedback already

•  Working towards inclusion of additional, complex, 
BMPs
–  Plan for technical report to detail specific challenges 

(narratively & mathematically), and to suggest 
approach(es), by first quarter of next year.

–  In collaboration with Advisory and Support Committee 
and Dr. Skipper

34



Will be shaped by feedback 
VICO Beta-1 is a first step

Design

Baseline Optimization
Prototype

Co-benefits

Cost Tradeoffs

Local Targets

Identifying
Alternatives

Email me (Danny) at: dkaufman@chesapeakebay.net 

http://cloudfish.chesapeakebay.net:3838/vico/


