
Current and Future State of Bioengineering

March 9. 2023

Brian Majka 

Restoration Ecologist 

GEI Consultants



• “Bioengineering is the combination of biological, 

mechanical, and ecological concepts to control 

erosion and stabilize soil through the sole use of 

vegetation or in combination with construction 

materials. Both living and nonliving plants can be 

used. Nonliving plants are used as construction 

materials, similar to engineered materials.” -US 

Army Corps of Engineers

• Techniques originated by Forest Service to stabilize 

eroded areas using natural, on-site materials

• Focuses on balancing functionality with the 

surrounding ecosystem

• Incorporates natural and man-made materials to 

prevent or minimize erosion

What is 
Bioengineering?



• “Current Trends in Natural 
Shoreline Engineering”

• Focused on techniques 
and products

• General growing trend and 
acceptance of 
bioengineered practices at 
the national level

2017 Shoreline and 
Shallows Conference
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• Practitioner driven

• Field based research

• Lots of “trial and error”

• Lots of statements like this: 

“A great deal of design guidance is available for stream bank soil bioengineering 
practices. Some of this guidance is applicable to soil bioengineering on lake shores. 
However, most of the limiting criteria are expressed in velocity or shear exerted by 
flowing fluvial systems. Little guidance is available for a designer to calculate the 
required treatment for wave energy. Designers who adapt streambank soil 
bioengineering techniques to lake shore conditions will have to rely on judgment 
and local examples of successful approaches. “ –NRCS A Guide for Design and Layout 
of Vegetated Protection for Earthen Embankments and Shorelines, 2014
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• Terminology

• Nationwide Acceptance (and 
funding)

• Research

• Tools

What’s Changing and 
Where are we Going?



• “Natural and Nature-Based 
Features (NNBF)” is becoming 
widely adopted

• Properly addresses the need for 
hybridized solutions 

• Helps people understand how nature 
and society can be compatible

• Living shorelines

• Natural shoreline engineering

• Bioengineering

Terminology



• White House issued “Nature Based 
Solutions Road Map” on November 8, 
2022

1. Update Policies to Accelerate 
Nature-Based Solutions

2. Unlock Funding for Nature-Based 
Solutions

3. Lead with Federal Facilities and 
Assets

4. Train the Nature-Based Solutions 
Workforce

5. Prioritize Research, Innovation, 
Knowledge, and Adaptive Learning

National Attention



• https://ewn.erdc.dren.mil/

• “Engineering With Nature® is the 
intentional alignment of natural and 
engineering processes to efficiently 
and sustainably deliver economic, 
environmental, and social benefits 
through collaboration.”

• Focused on flooding and erosion 
control while creating habitat

• Provides publications, research, 
seminars, guidance, network, and tools 
for EWN projects

US Army Corps of 
Engineers “Engineerng
with Nature” Program

https://ewn.erdc.dren.mil/


• USACE is developing a Great 
Lakes-wide NNBF “Playbook”

• Intended to provide detailed 
guidelines for NNBF projects in 
the Great Lakes

• Official kickoff in January, 2023 
--collaborative workshop in 
Chicago with representatives 
from throughout the Great 
Lakes

Great Lakes NNBF 
Playbook



• Advancing significantly

• Laboratory and field-based 
research to support NNBF 
practices

• Starting provide quantified 
information to support 
bioengineering design and 
implementation

Academic Reseach



Oregon State 
University 2010
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University of Ottawa, 
2021



University of Padua, 
2018



Delft University of 
Technology, 2022



Netherlands, 2022



• Under development 
for state of NY and MI

• Algorithms to 
analyze physical, 
biological, and 
regulatory 
parameters

• Provides site-specific 
recommendations

• Will be web-based

Natural/Nature-Based 
Shoreline Decision Tools



NY Tool Inputs



NY Tool Outputs



Calculations and Logic





Shorelines and Resiliency—
Form vs. Processes

• Form based solutions
• Traditional engineered solutions

• Typically designed around static or 

set conditions

• Focus on static stability-not 

dynamic stability

• Process based solutions
• Understands that shorelines are 

naturally transient and dynamic 

systems

• Allow for movement of sediments 

and vegetation

• Create conditions that can naturally 

adapt with less intervention over 

time

• “Living” systems



New York NNBF 
Monitoring Protocols



• Scientific and citizen-
based monitoring

• Web-based 
management plan

• Links to social media 
groups for long term 
shoreline stewardship

Muskegon Lake 
Monitoring and 
Maintenance



In Summary—Where Are 
We Heading?

• A federal focus, including policy, 
training, and funding support 

• Refined, common terminology

• More sophisticated science and 
engineering

• We’re not seeing a lot of new 
techniques, but our knowledge 
of when, where, and how to 
apply them is getting better 

• Better focus on maintenance and 
monitoring



In summary:

• Need to balance functional and ecological 
goals

• Plants alone may not cut it
• Keep the big picture in mind
• Remember that a failed project benefits no 

one
• Don’t let the perfect be the enemy of the 

good Brian Majka

GEI Consultants, Inc.

bmajka@geiconsultants.com

616-843-3635
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