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Timeline of the Project

• Show our plan here

We are here



Timeline of the Project

Task 3: Multi-state implementation using machine learning and 

parallel computing platforms

3.1 Comparative study to choose a few best performing 

methods

3.2 Scalability to state and watershed level scenarios

3.3 “Innovization” approach for improving scalability

3.4 Distributed computing approach for improving scalability



Presenting the improved 
optimization platform 

BY GREGORIO TOSCANO



https://tinyurl.com/77tvv8xz



An Application to the 
Entire Chesapeake Bay 

Watershed

Total variables: 2,224,135

Total constraints: 297,951

A large-scale optimization problem



Chesapeake Bay Watershed

Cost%Nitrogen 

Reduction

After 12 

hours of 

execution

Base Scenario (lbs)

Nitrogen 381,952,658

Phosphorus 26,537,669

Sediments 43,088,072,344



Looking at a Specific County from the 
Watershed



COMING UP 

IN 2024



Goal of the Webinar

Our goal is to test and evaluate the optimization strategies 
of the Chesapeake Bay watershed optimization project 

against real-world conditions.  

• Discuss all capabilities and flexibilities of the optimization 

software  

• Demonstrate how to set-up a county, counties, state or 

states for finding optimal BMP allocations for cost/loading

• Demonstrate how to use the optimization routines

• Discuss how to evaluate the optimization results



Initial Discussions Towards the Webinar

We had an initial meeting with Olivia Devereux, Lew Linker, Jessica 

Rigelman, Helen Golimowski to discuss the location and point of 
contact for development of webinar series.

• We shall discuss further and finalize a suitable day of the seminar in 
2024

• Besides demonstration of the optimization software, participants will 
have a hands-on experience in setting up an optimization run and 

analyze optimization results



Analyzing 
Optimization Results



Study Area

• Pennsylvania’s Phase 3 

Watershed 
Implementation Plan

• Lancaster county



Scenarios for NSGA-III Optimization
Study Area: Lancaster  County, PA

2019 Base Scenario (lbs)

Nitrogen 30,448,456

Phosphorus 1,537,509

Sediments 1,166,578,352



Two Scenarios:
Scenario 1: 

• Lancaster county

• All BMPs (306)

• Constraint: 25-50% N reductions, no cost 
constraint

• 22,346 variables, 3,103 constraints

Scenario 2: 

• Lancaster county

• Preferred BMPs (206)

• Constraint: 25-50% N reductions, no cost 
constraint

• 20,122 variables, 2,180 constraints



Alternate Trade-off Solutions

Solution 1 Reduction (%)

Cost ($) 1,822,750

Nitrogen (Lbs) 29,523,075 3.04

Phosphorus 

(Lbs) 1,511,147 1.71

Sediments 

(Lbs) 1,160,023,276 0.56 Solution 11 Reduction (%)

Cost ($) 10,397,900

Nitrogen (Lbs) 22,929,671 24.69

Phosphorus 

(Lbs) 1,424,719 7.34

Sediments 

(Lbs) 1,126,937,969 3.39
Solution 22 Reduction (%)

Cost ($) 21,537,200

Nitrogen (Lbs) 19,599,773 35.63

Phosphorus 

(Lbs) 1,411,003 8.23

Sediments 

(Lbs) 1,108,726,198 4.95

Base Scenario Solution 1 Reduction (%) Solution 11 Reduction (%) Solution 22 Reduction (%)

Cost ($) 1,822,750 10,397,900 21,537,200

Nitrogen (Lbs) 30,448,457 925,382 3.04 7,518,786 24.69 10,848,684 35.63

Phosphorus 

(Lbs) 1,537,509 26,362 1.71 112,790 7.34 126,506 8.23

Sediments 

(Lbs) 1,166,578,353 6,555,077 0.56 39,640,384 3.40 57,852,155 4.96

Base Scenario (lbs)

Nitrogen 30,448,456.91

Phosphorus 1,537,509.50

Sediments 1,166,578,352.85

Scenario 1

Scenario 2

Cost ($)
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Lancaster County, PA



Alternate Trade-off Solutions Using Multi-
objective Optimization

Scenario 1

Scenario 2
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Trade-off Analysis

Lancaster County, PA



Alternate Trade-off Solutions for 
Scenario 2 (Well Optimized)

Loads are correlated, but have a trade-off with cost

Lancaster County, PA



Comparison of Three Alternate BMP Allocation 
Schemes having Different Costs
Solution 1 Solution 11 Solution 22

• More BMPs are used for more 

reduction of N2

• LRSs use different BMPs and costs

Lancaster County, PA



Summary of Comparison of Three 
Alternate Solutions

Solution 1

Solution 2

Solution 3

The BMP allocation schemes 

can provide an idea of 

• How more N2 is reduced 

• Why cost is increased

Lancaster County, PA



Comparison of Three Alternate Solutions in 
Terms of Loads on LRS-1

Lancaster County, PA

Remaining Remaining Remaining

Discover 

patterns and 

create 

knowledge 

base



Lancaster County, PA

Remaining Remaining Remaining

Comparison of Three Alternate Solutions in 
Terms of Loads on LRS-2

Similar 

patterns 

exist in 

LRS-2



Products (Papers and 
Presentations)



Our Journal published Paper

2024

51



Conference paper

2023 IEEE Congress on Evolutionary Computation (CEC), Chicago



Conference at East Lansing, Michigan

• Abstract Submission: April, 19, 2024

• Registration: April 26, 2024

• https://conference.iemss.org/



Abstracts Submitted from MSU:

Toscano, G. A. P. Nejadhashemi, K. Deb, H. Razavi.  L. 
Linker, 2024. Advancing Watershed Management: A 

Multiobjective Optimization and Multicriteria Decision-

Making Platform. iEMSs 2024 Biennial Conference. East 

Lansing, USA.

Abstract 1



Abstract 2

Deb, K., Lu, Z.,Kropp, I., Hernandez-Suarez, S., Hussein, R., 
Miller, S. and Nejadhashemi, A. P., 2024, Reliable Decision-
making Under Uncertainty in Hierarchical Multi-Criterion 
Problems, iEMSs 2024 Biennial Conference. East Lansing, 
USA.



Abstract 3

Deb, K., Goodman, E., and Chikumbo, O. 2024, Multi-
objective Land Use Management and Decision-making, 
iEMSs 2024 Biennial Conference. East Lansing, USA.



Abstract 4

H. Razavi. A. P. Nejadhashemi, K. Deb, Toscano, G. L. 
Linker, 2024. Water Resources Management: A 

Comprehensive Analysis of Elements, Interconnections, 

and Emerging Synergies. iEMSs 2024 Biennial Conference. 

East Lansing, USA.



Abstract 5

H. Razavi. , G. L. Toscano, A. P. Nejadhashemi, K. 
Deb,  Linker, 2024. Innovative Ranking Methods for 

Parameter Size Reduction in Large Scale Multi-Objective 

Optimization Problem. iEMSs 2024 Biennial Conference. 

East Lansing, USA.



NEXT STEPs
- Using artificial intelligence to enhance 
optimization

- Parallel computing platform for faster execution

- Workshops with CBP users for feedback and 
improvement of our approaches



Computational Optimization and Innovation

Thank you
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