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29 High Elevation Lake 
Monitoring (HELM) Lakes

16 Regional Long-Term 
Monitoring (RLTM) Lakes





> 600 m

> 1 m deep

> 0.4 ha surface area

No stream flowages
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All 29 lakes exhibited a positive trend in DOC 
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All 29 lakes exhibited a positive trend in DOC 
concentrations over time

19/29 lakes (65%) experienced a significant 
increase in DOC



Region-wide increase in DOC shifts the HELM lakes 
from low DOC lakes to intermediate DOC lakes
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Region-wide increase in DOC shifts the HELM lake 
set from low DOC lakes to intermediate DOC lakes

1986
DOC < 5mg/L

17/29 lakes

2015
DOC < 5mg/L

5/29 lakes
*3 of these had DOC > 
4.5 mg/L



Region-wide increase in DOC shifts the HELM lakes 
from low DOC lakes to intermediate DOC lakes



Between 2000 and 2010:

7/74 (9%) lakes in this 
study demonstrated 
significant increasing 
trends in DOC
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Why is DOC 
increasing?
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SOLAR RADIATION
Temperature Increase

Increase 
Microbial 
Activity

PRECIPITATION
Increased variability
More frequent, intense storms

Increased runoff 

Increase terrestrial [DOC]

18











Linear Mixed Effect Model

Scaled 
Estimates p - value r²

log SO4
2- -0.361368 0.000000

Fall Precipitation 0.135331 0.000003
Fall Temperature 0.112383 0.001828
Summer Precipitation -0.064650 0.012057
Summer Temperature -0.008524 0.840793
Winter Precipitation 0.048151 0.072882
Winter Temperature 0.032248 0.292531
Spring Precipitation -0.004392 0.866057
Spring Temperature 0.073512 0.003223

0.78
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SO4
2- and seasonal climate 

variables explain 78% of 
DOC variability 
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Strong control of SO4
2- when 

compared to other 
individual drivers
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When climate variables are 
combined, have a similar 

effect size to SO4
2-
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HELM lake trend
(p = 0.009, r2 = 0.24)

LTM trend 
(p = 0.0004, r2 = 0.62)
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Weather Case Study
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October 1997

34% mean October rainfall 
since 1895          

Mean [DOC] 4.4 mg/L

November 1997

116 mm of rain, wettest 
month of the year

Mean [DOC] 7.7 mg/L



29 High Elevation Lake 
Monitoring (HELM) Lakes

16 Regional Long-Term 
Monitoring (RLTM) Lakes







7/16 (43%) lakes exhibited significantly 
increasing DOC trends



2/16 exhibited significantly decreasing DOC 
trends



7/16 (43%) lakes exhibited no change in DOC



Physical Response: 
Implications for Increasing DOC
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Higher DOC

Darker Water

Lower DOC

Clearer Water
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Crystal Pond Bracey Pond

Max Depth = 9m

Volume = 89,000 m3 Volume = 81,107 m3



2017 summer DOC = 2.3 mg/L

Water Clarity = Visible @ Bottom

Max Depth = 9m

Crystal Pond Bracey Pond



Max Depth = 9m

Crystal Pond Bracey Pond

2017 summer DOC = 5.4 mg/L

Water Clarity = 4 m

2017 summer DOC = 2.3 mg/L

Water Clarity = Visible @ Bottom
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