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Abstract: 
The cedars (Thuja occidentalis) that grow on the Niagara Escarpment 
cliff face provide a unique opportunity to examine the paleoclimate of 
eastern North America: they are the oldest trees east of the Rockies, 
they are situated near Canada’s population centre, and they are 
located at the northwestern limit of tropically originating hurricanes – 
which reach southwestern Ontario approximately once per decade.   
These storms are significantly depleted in 18O relative to climatology.  
Here we test the hypothesis that the cliff cedar rings formed in the 
years following severe tropical storms are also depleted in 18O.  
Preliminary results from an annually resolved record of 18O derived 
from  a tree sampled near Toronto, Ontario, shows substantial year-
to-year variability in 18O.  Forward modelling the isotopic 
concentration of the tree rings based on observed weather records 
captures a small but significant fraction  of the variability.  Deviations 
from this record are likely caused by variability in sourcewater supply 
area, but are not obviously linked to tropical hurricane activity.  

Background: 
• Southwestern Ontario represents the approximate Northwestern 

limit that tropical hurricanes reach. 
• Over the last century, the region was affected by approximately 

three hurricanes, and ten tropical storms. 
• Were these storms more common during the Medieval Warm 

Period? … less common during the Little Ice Age? Who knows! 

Research Questions: 
1. Does 18O in alpha cellulose of the cliff cedars vary? 
2. How does this variation compare to what would be expected from 

climatology 
3. How does variation compare to the known chronology of large, 

tropical-originating storms? 

Hurricane Hazel (1954) destroyed whole neighbourhoods in Toronto, 
and killed 81 (otherwise) innocent Maple Leafs fans.  

• Tropical-originating precipitation is depleted in 18O relative to 
climatology. 

Chicago, IL -  GNIP Records 
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Methods: 
• Alpha cellulose was extracted from selected long-lived trees for the 

period 1900 – 1995 using the modified Brendel method. 
• 18O was measured using the University of Maryland IRMS lab 

continuous flow stable isotope mass spectrometer. 
• Forward modelling was used to calculate the expected variability in 

18O. 

Kaitlyn Steele makes The Beast behave.  

Results: 

• We have developed a 3,500 year chronology  from living and subfossil 
cliff cedar  wood. 
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• Cliff cedar growth rings contain substantial year-to-year variability 
in 18O. 

• Forward modelling explains a small but significant fraction of the 
variability in 18O (R=0.31, p=0.02). 

• The observed record is far more variable than the modelled record, 
presumably due to changes in sourcewater regions, and 
precipitation recycling. 

• Superposed epoch analysis suggests that  18O increases following 
years with large tropical storms. 

Conclusions: 
• There is substantial variation in 18O in the alpha cellulose of cliff 

cedars, but it is not obviously responding to either local climate or 
to large tropical originating storms. 
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