
Beta-2 
Scenario Optimization Tool for CAST 
(the time-averaged Phase 6 watershed model)

8 October 2019 – Modeling Workgroup Quarterly Meeting

Danny Kaufman, Kevin Asplen, and the CBPO Modeling Team

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 non-federal CBP partners.
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Optimization Development 
Timeline (2018-2021)
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End	of	current		
grant	funding	

Incorporation	of	
Climate	Change	into		
’22-’23	milestone	planning	

2019

Programming objectives 
and designs for the 
prototype were 
considered and revised 

Initial	Prototyping	
Online	Visualization	
Interface	for	Chesapeake	
Optimization	(VICO)	
developed	and	made	
available	online	

Beta-1	released	

Evaluation of a “straw” 
version prototype 
(formulated for a single 
land-river segment)

Straw	version	

2018

-  Efficiency BMP online tool is updated 
with new features for Beta-2

-  Non-efficiency BMPs are researched 
and strategy for including them in 
optimization is developed.

Tool	Updates	and	Prototyping	

Optimization tool with non-efficiency 
BMPs begins to be used for climate 
change target planning

Optimization	application		
for	Climate	Change	targets	

Climate	Change	
assessment	for	TMDL	

Phase	3	WIPs	finalized	



202520242023

Optimization Development 
Timeline (2022-2025)
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2022

’24-’25	milestone	planning	

’22-’23	Milestone		
Evaluation	begins	

’24-’25	Milestone		
Evaluation	begins	

Co-benefits

Cost Tradeoffs

Local Targets

Identifying
Alternatives



Outline

Online tool updates

Optimization challenge (“The Wall”) update

Ongoing development & planned updates
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Optimization challenge

CAST 
(Chesapeake Assessment 

Scenario Tool)
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Optimization challenge

(with least cost $)
Load Reductions
Nutrient & SedimentCAST 

(Chesapeake Assessment 
Scenario Tool)
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Optimization challenge

(with least cost $)

Best 
Management 

Practices (BMPs)
Load Reductions
Nutrient & SedimentCAST 

(Chesapeake Assessment 
Scenario Tool)
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Optimization challenge

Approximately	300	BMP	varieties	in	CAST	
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Best 
Management 

Practices (BMPs)



Optimization challenge

efficiency BMPsnon-efficiency BMPs

Approximately	300	BMP	varieties	in	CAST	

~180	~120	
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Best 
Management 

Practices (BMPs)

For example:
Cover crops,
Infiltration practices,
Barnyard runoff control

For example:
Animal waste storage,
Feed additives,
Riparian buffers



Optimization challenge

efficiency BMPsnon-efficiency BMPs
~180	~120	
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Approximately	300	BMP	varieties	in	CAST	

Current basis for online 
tool

Best 
Management 

Practices (BMPs)



Optimization challenge

efficiency BMPsnon-efficiency BMPs
~180	~120	

Current basis for online 
tool
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Approximately	300	BMP	varieties	in	CAST	

What optimization 
approach will be 

effective?	

Best 
Management 

Practices (BMPs)
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“The Wall” – what optimization approach 
will be effective?



3+ approaches
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“The Wall” – what optimization approach 
will be effective?



3+ approaches
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A) “Exact”

B) Surrogate modeling

C) Heuristic

“The Wall” – what optimization approach 
will be effective?



3+ approaches
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A) “Exact”

B) Surrogate modeling

C) Heuristic

-  evaluate mathematical structure
(approach depends on “landscape”)

-  prototype

To decide... to get over “the wall”:

“The Wall” – what optimization approach 
will be effective?
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“The Wall” – what optimization approach 
will be effective?

Evaluating the mathematical structure 
of the CAST load function...
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Approximately	300	BMP	varieties	in	CAST	

“The Wall” – what optimization approach 
will be effective?

efficiency BMPsnon-efficiency BMPs
~180	~120	
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Approximately	300	BMP	varieties	in	CAST	

“The Wall” – what optimization approach 
will be effective?
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“The Wall” – what optimization approach 
will be effective?

Approximately	300	BMP	varieties	in	CAST	

1)	We	are	revealing	the	problem	Landscape	
-  High	dimensional	
-  Non-linear	
-  Non-convex	
-  Generally	non-separable	
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“The Wall” – what optimization approach 
will be effective?

2)	We	are	composing	a	report:	
-  Elucidation	of	the	CAST	
mathematical	structure	

-  Optimization	models	and	
algorithmic	approaches	

1)	We	are	revealing	the	problem	Landscape	
-  High	dimensional	
-  Non-linear	
-  Non-convex	
-  Generally	non-separable	

Approximately	300	BMP	varieties	in	CAST	



Outline

Online tool updates

Optimization challenge (“The Wall”) update

Ongoing development & planned updates
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Online tool updates

At the Modeling Workgroup quarterly in April, 
we had the first Beta release of a working, 

publicly available optimization tool
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Online tool updates

At the Modeling Workgroup quarterly in April, 
we had the first Beta release of a working, 

publicly available optimization tool
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VICO 
(Visualization Interface for 
Chesapeake Optimization)

Load reduction and cost tradeoffs 
for counties in watershed

Acres of efficiency BMPs to achieve 
load  reduction at near least-cost

39,400 solutions (cost, load, BMPs)



Where do things stand now?

Online tool updates
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At the Modeling Workgroup quarterly in April, 
we had the first Beta release of a working, 

publicly available optimization tool



Visualization Interface

Beta-2 Updates
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Load Reduction

Cost vs. Load tradeoff
for a given county



Visualization Interface

Beta-2 Updates

Mouse
Selections
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Allows comparisons
•  between two points on 

the same county curve
between a point on one 
county and a point for 
another county

Downloadable BMP input 
file(s) for selected point(s)

Many graphical interface 
improvements

Fixed issue when 
switching data points
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Allows comparisons
•  between two points on 

the same county curve
•  between a point for one 

county and a point for 
another county

Downloadable BMP input 
file(s) for selected point(s) 
cost/load solution

Many graphical interface 
improvements

Fixed issue when 
switching data points

Visualization Interface

Beta-2 Updates
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Visualization Interface

Beta-2 Updates
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Allows comparisons
•  between two points on 

the same county curve
•  between a point for one 

county and a point for 
another county

Downloadable BMP input 
file(s) for selected point(s) 
cost/load solution

•  Load reduction in pounds in 
addition to percentages

•  Fixed an issue when 
switching data points

•  Other graphical 
improvements
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Optimization Engine Visualization Interface

Allows comparisons
•  between two points on the same 

county curve
•  between a point for one county 

and a point for another county

Downloadable BMP input file(s) 
for selected point(s) cost/load 
solution

•  Load reduction in pounds in 
addition to percentages

•  Fixed an issue when switching data 
points

•  Other graphical improvements

Beta-2 Updates
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Using updated CAST source 
data

Outputting additional table as 
CAST-formatted BMP inputs

In the next week or so:
Fixing issue with mapping 
between load source groups and 
load sources available for BMP 
implementation
Including delineations between 
federal and non-federal agency 
acres, as in CAST



Optimization Engine

Using updated CAST source 
data

Outputting additional table as 
CAST-formatted BMP inputs

In the next week or so:
-  Fixing issue with mapping 

between load source groups 
and load sources available for 
BMP implementation

-  Including delineations between 
federal and non-federal agency 
acres, as in CAST

Visualization Interface

Allows comparisons
•  between two points on the same 

county curve
•  between a point for one county 

and a point for another county

Downloadable BMP input file(s) 
for selected point(s) cost/load 
solution

•  Load reduction in pounds in 
addition to percentages

•  Fixed an issue when switching data 
points

•  Other graphical improvements

Beta-2 Updates
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Outline

Online tool updates

Optimization challenge (“The Wall”) update

Ongoing development & planned updates
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Ongoing development

vs.

Nonlinear Linear

•  solve faster
•  facilitate more 

solution 
exploration

•  same load 
calculation 
as in CAST

1	

2	

Efficiency BMP representation:

Land conversion BMP model

3	 Larger geographies



Planned updates for January

1	
Base loads and BMPs other than 

2010 no-action (e.g. 2017 progress)

2	 Structural software improvements

How to handle 
existing BMP acres?

lower bound

no lower bound, 
but highlight or 
penalize negative 
changes

2017 progress level

2017 progress level

0

0



Will continue to be shaped by feedback 

https://shiny-apps.chesapeakebay.net/vico/
Check it out! 

...and email me (Danny), at:  
dkaufman@chesapeakebay.net 



Will continue to be shaped by feedback 

Co-benefits

Cost Tradeoffs

Local Targets

Identifying
Alternatives

https://shiny-apps.chesapeakebay.net/vico/
Check it out! 

...and email me (Danny), at:  
dkaufman@chesapeakebay.net 



Orange - Efficiency
Green – Land use change Yellow – Load reduction

Pink – shore Light blue – dirt and gravel

Teal – stream

Red - animal

Best Management Practices (BMPs)



bayota_output

Beta-1 Version components
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Model 
Generation / 

Modifications

Run Scripts
Run 

Specifications

Optimization Engine (git repo)

/modeling/	

S3	

Solutions
(.csv)

VICOPublic	Folder	

CAST 
Source 

Data

/home/user/		

Config (paths, 
formats)

bayota_ws_{version}

Logs / Solutions
(.log , .csv)

Solver



Beta-2 Version components

S3	

VICOPublic	Folder	

Logs / Solutions
(.log , .csv)

bayota_output_{version}

bayota_ws_{version}

Solver

Model 
Generation / 

Modifications

Get Source Script
Run Specifications

BayOTA 
(git repo)

Workspace	

Config (paths, etc)

Logs / Solutions

Source Data

Inputs	

Outputs	

Run	I/O	

Analyses, notebooks

s3	I/O	

Optimization Engine

Temp

Run Script

SQL	
CAST 

Source 
Data



Planned version components

Subset of Source
(.csv or parquet, 

etc.)

S3	

SQL	
CAST 

Source 
Data

Logs / Solutions
(.log , .csv)

bayota_output_{version}CAST_Source_{version}

bayota_ws_{version}

Solver

Model Generation / 
Modifications

Run Scripts

Run Specifications

BayOTA 
(git repo)

Docker	

Get 
Source 
Script

Workspace	

Config (paths, etc)

Inputs	Outputs	

Analyses, notebooks

s3	I/O	

Optimization Engine

workspace copy

VICOPublic	Folder	

Temp

Kickoff Script

Config (paths, etc)

Run SpecsPickle


