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Limnological data sources (~90 total)

Federal agencies

State & tribal agencies

Citizen monitoring programs

University researchers

Data volume

LAke GeOSpatial temporal database
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 7,070 w/ limno data
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Average Secchi



Research Questions

• What are the long-term trends in water clarity 
across a broad spatial extent

• How does spatial location, size, and monitoring time 
period influence long-term trends

Lottig et al. PLoS ONE (2014)



Long‐term lake clarity 
trends

• Citizen Data!
• 8 States
• 239,741 observations
• Summer Observations
• 21,020 annual values
• 3,251 different lakes

Lottig et al. PLoS ONE (2014)



Long‐term lake clarity 
trends

• Average Secchi (2.4m)
• Low inter-annual 

variability (30%)
• 1% yr-1 increase in Secchi 

depth
• Few lakes with significant 

long-term trends
o 7% increasing
o 4% decreasing

Lottig et al. PLoS ONE (2014)



Long‐term lake clarity 
trends – Spatial Location

1. Latitudinal gradients in 
Secchi depth

2. Latitudinal gradients in 
long-term trends

3. Latitudinal gradients in 
inter-annual variability

Secchi Depth

Long‐term trend

Inter‐annual variability



Not monitoring small 
lakes!
Actual distribution

Monitored distribution



What are the long‐term 
secchi patterns?

Threshold Anomalous 
eventLinear‐trend Non‐linear



Research Questions:
1. What are secchi 

patterns across large 
spatial scales?

2. Do lakes exhibit similar 
patterns?

3. Can we identify 
factors influencing 
patterns
o Spatial
o Local
o Regional

LAkeGeOSpatial
temporal database

ver 1.054.1

 17 States
 50,000 lakes (≥ 4 ha)
 7,070 w/ limno data
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Long‐term Secchi data

• 22+ years of data
• 1987 – 2012

o ≥ 88% overlap among time-
series

• Annual median value
o 15 June – 15 September

• 601 lakes / 8 states



Average Secchi



What are the long‐term 
secchi patterns?

Threshold Anomalous 
eventLinear‐trend Non‐linear



Finding Patterns in a 
Noisy Environment



Long‐Term Secchi Trends



Cluster Locations



Drivers of Long‐Term 
Change

Ag

Lake Size

Mean Annual Precip

Max Lake Depth

Mean Secchi

Shoreline Slope

Mean Annual Temp

Wetlands

Runoff



Long‐Term 
Precip
Patterns
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Drivers of Long‐Term 
Change

Existing data does a 
poor job explaining 
long‐term patterns



Conclusions

1. Citizen monitoring is critical! 
2. Lakes are dynamic…
3. Small changes in overall long-term trends
4. Lack data to describe long-term patterns


