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A. Salomon – British Columbia



Wernberg and Dexter 2019

Roughly 25% of the 
World’s Coastlines
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Human Inputs can Radically Alter 
Kelp Forests

Wernberg et al 2018



Have we 
observed 

changes in kelp 
abundances?



R. Scheibling – Nova Scotia

But this is how we count kelp…



C. Johnson - Tasmania



Giant Kelp forms Surface Canopies
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Giant Kelp is Global!

Figure Courtesy of Mike Graham



C. Johnson - Tasmania



Santa Barbara, CAUCSB

kelp canopy

Giant Kelp Visible Via Landsat at 
2-3 week Repeat Time

Cavanaugh et al. 2011, Bell et al. 2015

1. This is a really nice cleaned image

2. Classification by armies of undergrads 
took  ~600 hours for *just* Santa Barbara

3. What about scaling with citizen science?





How do we 
Classify?



• Each image seen 4 times, 

dropped if no kelp present

• If kelp is seen in first 4, image is 

seen 15 times total



Round 1 (California and Tasmania) By 
the Numbers

•7,155 users classified at least one 
image

•2,918,618 Classifications in 3 years
• 692,388 images!

•7,314 Comments in talk



Citizen Scientists Helped us Find 
Bugs in our Image Processing

Solution: We re-wrote our image processing pipeline…and 

one of the citizen scientists joined our science team



Calibration Image from Kyle Cavanaugh 

How Good are Citizen 

Scientists?



Validation of Consensus 
Classifications 

Calibration data from
Kyle Cavanaugh and 

Tom Bell



6 is the Magic Number: 
~70% accuracy 

Rosenthal et al. 2018 arXiv



Consensus Choices Doesn’t 
Qualitatively Alter Time Series

Los Angeles



Floating Forests 2.0



The New Open Source Pipeline

1. L1 Imagery acquired from 
ESPA with surface 
reflectance product

2. One scene sliced into 
350x350 pixel squares

3. Images filtered for excess 
cloud or land presence

4. Image color corrected to 
boost green channel

5. Final filter to remove 
mostly water images 
(citizen science method)

https://github.com/zooniverse/ff-import and https://github.com/jebyrnes/ff-import-pipeline/

https://github.com/zooniverse/ff-import
https://github.com/jebyrnes/ff-import-pipeline/


Multiple Interfaces to Improve Accessibility

Classify Kelp/No Kelp

Zooniverse mobile app!



Our test-case: The Falklands Islands

Bayley et al 2017



Our Consensus Map of Falklands 
Kelp Forests

# of Users 
Agreeing



Seasonality from Citizen Science 
Classifications



Immediate Application: Carbon 
Markets in the Falklands

From Bayley et al. 2017 - Giant kelp 'Blue carbon' storage and sequestration value in the Falkland Islands.



A Landsat Citizen Science 
Interface for YOU!



From Landsat to Citizen Science 
Projects Seamlessly
• Containerized web 

service to take in 
KML files and query 
ESPA for imagery

• Building image 
filtering/modifying 
interface

• Our UI designer 
starts on Monday!



The Future of Floating Forests

Kelp on the Edge Kelp in the City



The Floating Forests Team
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Integrating Floating Forests into 
the Classroom at CSUMB


