
Vision for Advancing Science of Stream Restoration
Sara Winnike McMillan, PhD, PE &  Carmen Agouridis, PhD, PE, MPP, MBA

August 3, 2022







PLAN & MEASURE IMPACT

1. Social + ecological + economic factors drive site selection

2. Cumulative effects of systems of nature-based solutions

3. Metrics measured against clear objectives & goals

DESIGN FOR RESILIENCE

4. Learn by doing through adaptive management + share successes & failures

5. Self-design to enhance resilience to climate change and land use conversion

6. Incorporate multiple forms of knowledge for co-creation with stakeholders

ENGAGE & EDUCATE

7. Form and nurture diverse partnerships

8. Create transdisciplinary and experientially focused learning opportunities

9. Communicate like a marketer



Plan &measure impact



Charlotte, NC: Impacts of Redlining Still Felt Today
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Reedy Creek –
Charlotte NC

Partnership between 
government, universities, and 
private companies.

Investment in understanding 
through data-driven, 
research-back projects

Multi-year monitoring 
of hydrology, water quality, 
and ecology before, during 
and after restoration







1. Engagement and outreach with local communities and park staff

2. Education of many graduate and undergraduate students, many of whom are 
now working with CMSWS or consulting firms in the area

3. Stream bed and bank stabilization have significantly reduced sediment loads
from the watershed

4. Raising groundwater tables + floodplain reconnection allows streamwater
and shallow groundwater to intercept organic soils and rooted vegetation 
thereby creating long term water quality benefits.

5. Stream restoration near ecological habitats and source populations is needed 
but restoration disturbance causes biodiversity to lag other metrics.
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Investments in long-term monitoring data

Water quality sensors Rainfall Streamflow



Cumulative effects of nature-based solutions
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Designfor resilience



Channelized

During late-fall construction

After one growing season











Self-forming 
channels











Educate & engage
“Science requires an engagement with the world, a live 

encounter between the knower and the known.” – Parker 
Palmer



Partnerships
“Alone we can do so little; together 
we can do so much.” – Helen Keller





Stormwater 
Management

https://www.uky.edu/env/stormwater

https://www.uky.edu/env/stormwater


https://www.uky.edu/sustainability/sustainability-strategic-plan





Vaughn’s Branch (Big Elm 
Fork) Stream Restoration

https://bit.ly/3ErJRMq

https://bit.ly/3ErJRMq










Workforce 
Development
“Education is the most powerful 
weapon which you can use to change 
the world” – Nelson Mandela









UT to Hickman Creek 
Stream Restoration

https://bit.ly/35mgJpc

https://bit.ly/35mgJpc
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Outreach
“Nothing in science has any value to society 
if it is not communicated.” – Ann Roe





Take-aways



What’s next?

Define success locally

Take a systems approach

Enhance resilience through self-design

Integrate biophysical & social dimensions in project 
site selection

Training the next generation of scientists & engineers 
requires partnerships & meaningful experiences



Contact Information & Resources

▪ Sara Winnike McMillan, PhD, PE

▪ Email: smcmillan@purdue.edu

▪ @EBOWSara on Twitter

▪ https://saramcmillan.weebly.com/

▪ Charlotte stream restoration

▪ To Build a Better Ditch

▪ Carmen Agouridis, PhD, PE, MPP, MBA 

▪ Email: carmen.agouridis@uky.edu

▪ Office Phone: (859) 257-7203

▪ Restoring Streams

▪ Central Kentucky Backyard Stream Guide

▪ UK Watershed Protection and 
Restoration (YouTube)

▪ KYH2O (Podcast series)

▪ Backyard Streams

mailto:smcmillan@purdue.edu
https://saramcmillan.weebly.com/
https://charlottenc.gov/StormWater/Pages/default.aspx
https://vimeo.com/7901535
mailto:carmen.agouridis@uky.edu
http://www2.ca.uky.edu/agcomm/pubs/AEN/AEN122/AEN122.pdf
http://www2.ca.uky.edu/agcomm/pubs/ID/ID242/ID242.pdf
https://www.youtube.com/channel/UCDPsJbnfIMJchhq_Mz-kCZg
https://kyh2o.podbean.com/
https://www.uky.edu/bae/backyardstreams

