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Regime Shifts
A sharp change from one dynamic state to another
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Harmful Algal Blooms (HABs)
Water around Peebles Island, 
Lake Erie

Lake Erie near Toledo, 2014

Drinking water intake for Toledo on Lake Erie, 2014

Cyanobacteria

Photo: Nat GeoMap: USGS
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AC: how much does today look like yesterday?
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Are there early warnings of 

phytoplankton blooms? 
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County
Population 

Density
% Water

Gogebic, MI 17 ppl/km2 25%

Dickinson, IA 44 ppl/km2 5.8%



Study Design

Daily 
nutrient 
additions

Warnings 
of an 

impending 
bloom?

Continue 
nutrient 
additions

Outcome: 
HAB?

No 
manipulation

Outcome: 
No HAB?

Manipulated Lakes (Peter & Tuesday)

Reference Lake (Paul)



Daily Nutrient Additions

Loading Rate: 3 mg P m-2 d-1

N:P of 15:1 to encourage cyanobacterial dominance





Variable Green Algae Cyanobacteria

Chlorophyll a
(pigment)

Phycocyanin
(pigment)

Dissolved 
Oxygen

Monitored State Variables



***An alarm has sounded. Please check website.***

New alarms were found for: Ar1 of Chla_Conc_YSI in Tuesday 
Alarms have repeated for: Ar1 of DO_Conc_YSI in Peter (DoY =  186 ) 

Time series and rolling 
window statistics updated

Early warning? Send automated email to team

Daily download of 
HF sensor data



Tuesday 2013, 2014, 2015
Peter 2013, 2014



Tuesday 2013, 2014, 2015
Peter 2013, 2014



Cyanobacterial Bloom in 2014 in Peter Lake

Bloom

Nutrients
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Window Fertilized       Reference      Diff

1 2.98 1.34           1.64

D
if

fe
re

n
ce

Window

0
   

   
 1

   
   

   
2

   
   

 3
   

   
  4

1         2       3        4

2 3.94 1.31           2.63

3 4.68 1.33           3.35

Rolling Window Statistics



Chlorophyll SD and AC rise 
prior to the bloom
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The Quickest Detection Method

- Used for online decision making, 
statistics are updated with each new 
data point

- User supplies the alarm threshold, 
the distribution of the original state 
(reference) and the distribution in 
the new state

- Alarm: when the statistic surpasses 
the threshold

Peter Lake 2014 AlarmsPeter 2014 Alarms

Early Warning! Too Late!



Early Warnings Before Algal Blooms

Peter 

2013

Tues 

2014

Peter 

2014

Tues 

2013

Tues 

2015

Chl SD -- -- 172 -- 192

Chl AC 170 -- -- 172 170

Phyco SD 171 239 170 204 194

Phyco AC 174 -- -- 246 163

DO % Sat SD 227 189 194 220 187

DO % Sat AC -- 229 -- 212 169

Alarm before max chl

Alarm before "bloom" condition

Increasing bloom strength



Do the early warning indicators come in time to 
prevent the transition to the undesirable state?
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Good Outcome – A Successful Management Intervention



Treat & Halt Study Design

Daily 
nutrient 
additions

Warnings 
of an 

impending 
bloom?

Continue 
nutrient 
additions

Outcome: 
HAB?

No 
manipulation

Outcome: 
No HAB?

Intervention 
Decision:
Alarms in 

both 
phycocyanin

and chla

Peter Lake

Reference Lake (Paul)

Outcome: 
no HAB?





What did we learn by intervening?

Consistent alarms in 
the target variables

Some alarms 
appeared up to 17 

days before the 
intervention

Lake returned to 
original state by the 
end of the summer

SCIENCE

The intervention 
could have happened 

sooner

The rate of data 
availability and 

reliability played a 
key role

Turning off the pipe 
worked

MANAGEMENT



Experimenting in an Ideal World?



Can Early Warning Indicators be used 
to Manage Drinking Water Supplies?

CuSO4 Addition

Photo: Cal Buelo



Questions?
grace.wilkinson23@gmail.com



Why were the blooms variable?

Resilience

State 1

State 2


