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Precipitation is highly 
variable across the 

years…



𝑝𝑝𝑡 = 61.5 𝑚𝑚… and precipitation is 
highly variable within 

each year.



Understanding and Forecasting
Variation on Water Levels

• We know that variability in 
precipitation is strongly related 
to changes in water levels.

• Hydrological models are best 
answer but are very time 
intensive, costly and usually 
limited to smaller areas.

• Can precipitation data be 
interpreted to serve as the 
expected water level given local 
weather?
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- 68 USGS Gage Sites with  
data from 1987 to 2017

- Standardized and 
smoothed to rolling 12 
month average

- Compared to cumulative 
deviation from mean at 
location lat/long

- 70% had pearson
correlation > 0.50

- 50% had pearson
correlation coef >.70

- No difference in glacial vs. 
bedrock formations



Oneida County

Correlation 
Coefficient = 0.73



Polk County

Correlation Coefficient = 0.87



Marathon CountyCorrelation Coefficient = 0.92



Portage CountyCorrelation Coefficient = 0.85



Devils Lake
Sauk County

Correlation Coefficient = 0.67



Waushara County

Correlation Coefficient = 0.21



Dane County

Correlation Coefficient = -0.17
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Bayesian Structural Time Series
• Machine learning technique for time 

series data forecasting

• Models the probability of the next step 
based on past likelihoods 

• Incorporates seasonal cycle

• Provides likelihood that that prediction 
will fit the observation

• Predictor data can be added to 
substantially improve the model.
• Precip deviations
• Monthly Precip
• Evapotranspiration
• Withdrawals
• Global weather indices
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- Time series data where 
each observation is the 
water level at a point in 
time. 



Understanding and Forecasting
Variation on Water Levels

- Time series model is 
estimated though 100’s or 
1000’s of iterations  where 
each point represents a 
probable levels given the 
history of the monitoring 
point and a seasonal cycle.
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Variation on Water Levels

- Model can be projected 
into the future and a 
credible range can be 
estimated.
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Variation on Water Levels

- Model projections can 
be compared to 
observations and model 
can be updated.
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For more information, contact
Bob Smail

608-267-3581
Robert.smail@wisconsin.gov
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