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Many lake-related questions about 
climate change: 

Effects on annual thermal regime? 

• Summer surface water temperature 

• Annual heat budget 

• Timing of ice-out 

Alteration of lake mixing events? 

Consequences on chemical processes? 

Changes in lake biota? 

• Cyanobacteria (blue-green algae) 

• Harmful algal blooms 

 





Beginning a three year study,  
2016 to 2018, on two lakes.  
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Understanding potential effects of 
climate change requires basic 
knowledge of physical and chemical 
properties of shallow lakes. 
 
Let’s begin with some physical 
properties… 
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Small density 
differences 
produce 
drastic effects 
in lake 
behavior   



Summer stratification in deep lakes 



Deep lakes have remarkable summer stability. 
 
Lake depth zones resist mixing until the 
density barrier is broken by surface water 
exposure to cooling autumnal air.  Remember, 
cooling the warm surface water increases its 
density. 
 
By late fall, surface water may have cooled so 
much, and become so dense, that it sinks to 
the bottom.  A density-driven mixing, a fall 
turnover occurs! 



Summer stratification in shallow lakes 



Shallow lakes have low summer stability. 
 
With limited depth, temperature variation 
among depth zones is small, so density 
differences are small.  Thermoclines are fragile 
and may be disrupted by wind action strong 
enough to overcome the small density barrier. 
 
Throughout the summer, wind-generated 
mixing  may occur!  But, how often? 



Next, some more background on  
physical properties of shallow lakes… 



When shallow lakes are weakly stratified, 
bottom waters have no way to replenish 

dissolved oxygen. 
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In addition, the higher productivity of 
shallow lakes contributes much 
organic matter to the lake bottom.  
Decay microbes breakdown this 
organic matter, using up most of the 
dissolved oxygen as they respire. 

Anoxia in the bottom depths of shallow lakes! 



Now time for some lake chemistry… 



Lake productivity is driven by 
dissolved nutrients, especially 
phosphorus and, sometimes, 
nitrogen. 
 
Let’s examine the temporary 
phosphate trap and its 
relationship to bottom anoxia. 
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More questions, more complexity… 

How long does bottom anoxia last? 

Is its duration influenced by climate change? 

What happens to the soluble phosphorus that’s 
released when the temporary trap is reversed? 

When does the soluble phosphorus travel upward 
into the sun lite surface waters? 

Will it stimulate an algal bloom? 

Are the algae toxin producing cyanobacteria? 

 



Our in-lake experiment: 

Two buoys with thermistor arrays were deployed:  
9 meter water depth and 4 meter water depth 



Our continuous collection of 
relevant climatic data: 



Our preliminary results: 
 
Early season differences 
between 9 meter deep water 
and 4 meter deep water 
 





Our preliminary results: 
 
The start of a wind-generated 
mixing event on August 22, 2016 
recorded at the deep water buoy 





Our preliminary results: 
 
A correlation between legacy 
phosphorus upwelling and wind-
generated mixing 





A few new questions to consider: 
 
1. If climate change warms surface 
waters slightly, will this also slightly 
strengthen the fragile thermocline of 
shallow lakes? 
 
2. If so, will this decrease the 
occurrences of wind-generated mixing? 



3. With fewer mixing events, will this 
lead to longer periods of anoxia? 
 
4. Do longer periods of anoxia result in 
more soluble phosphorus release from 
the bottom sediments? 
 
5. When full lake mixing occurs, could 
this internal loading of legacy 
phosphorus fuel the dense algal 
blooms of late summer? 



6. While full mixing completely breaks 
down the fragile thermocline, can less 
wind just create an internal wave 
(called a seiche by limnologists)? 
 
7. Do these internal waves, traveling 
below the surface, result in localized 
upwelling of nutrients that were 
released from deep bottom sediments? 
 
8. Will this trigger local algal blooms? 



Hmm…maybe 
 

Let’s collect more data in 2017 and 2018  

to validate this pattern 

And increase our confidence about effects of  

climate change on shallow lake dynamics 



The year 2016 had unusually dry 
weather… 

Mild winter with little snowmelt runoff 

Extremely warm summer 

Few intense storm events 

Extended summer drought maximizing evaporation 
 

  resulting in 
 

Reduced tributary stream flow to lake 

Lowered lake levels concentrating nutrients in reduced  
volume of sun lite zone in the lake 

Less discharge down lake outlet 

More stagnant water conditions in lake 



What about in 2017 and 2018? 
Will the weather differ? 

How will the lake respond? 

 

We’re still monitoring so 
stay tuned… 



What we know so far about the 
2017 weather? 
Through mid-July, 2017 has one of the wettest years on 
record 

Most storms have been short duration but high 
intensity 

Many storms occurred when the ground was nearly 
saturated 
 

resulting in  
 

Episodes of tremendous runoff from steep watershed 
hillsides 

Probable increase in watershed-derived nutrients 



The July 4th 2017 upwelling event 





Thank you!! 


