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• Midwest spring temperatures have warmed by around 1.5˚C
during the observational period.

• Spring warming has been associated with increased forest growth 
rates in temperate mesic and boreal regions. 

• Across the Midwest, I detected a shift in spring temperature after 
1976, reflecting an increase in the mean and variance across years.

• Radial growth was sensitive to spring temperature but the increase 
in growth did not show a similar regime shift to the climate data.
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I used Hidden Markov models (HMMs) to detect regime shifts in climate, 
and used the distinct regimes as predictors of tree growth. The basic 
structure of the HMM can be represented as a series of observations 

driven by an underlying set of hidden states: 

Hidden Markov Modeling of climate and tree-ring records

In 2020, I collected tree-ring data from three different common conifer species: 
black spruce (Picea mariana), and eastern larch (Larix laricina) and red pine 

(Pinus resinosa). Both sites had co-located station data. Modeling of tree-ring 
data was done on detrended, individual series rather than chronologies.

I used local station records and CRU TS 4.05 gridded data to analyze 
change in spring (March, April and May) temperatures. The HMMs 

identified a regime shift in spring temperatures after 1976. This 
appeared to be driven by an increase in the mean (dashed lines) and 

variance (grey and blue shaded regions).

Replicating this approach using gridded data indicated that the 
probability of having switched from the first (left) to the second state 

(right) after 1976 was high across the region.

Changes in spring temperature, 1901-2020

Tree growth across all sites was positively correlated with spring 
temperatures. Mixed models indicated that sensitivity increased in the 
post-1976 period of warmer springs. However, radial growth patterns 

did not exhibit same two-state structure as the climate data, indicating 
a range of controls on tree growth at these sites.

Sensitivity of radial growth to spring temperatures
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