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Objectives: 

- Identify variation in stable carbon 13 in tree rings and intrinsic water use efficiency (iWUE) from 
1800 to 2012 at two study sites dominated by ponderosa pine (northern Arizona and central 
Washington) and correct for the effect of increasing atmospheric CO2 caused by fossil fuel 
combustion.  
 

- Using tree ring carbon 13 isotopes and published equations, compare the effects of fuel 
treatments (control, mechanical, mechanical + burn) on iWUE and basal area index. 
 

- Compare pre-and post-treatment intrinsic water use efficiency to iWUE in the reference period 
as a direct metric of restoration of ecosystem function on the same sites.  

 
Proposed deliverables: 
Conference presentations 
Master’s Thesis 
Dataset 
Refereed publications 
Non-refereed publications 
 
Status of data collection and analysis 
Complete 
 
Status of deliverables/findings 
Complete 
 
Status of metadata/datasets 
Complete 
 
Notes/interesting findings 

mailto:Aht1@psu.edu


- In response to increasing atmospheric carbon dioxide, iWUE increased from 1800-2013 in all 
treatments at both sites. In Arizona, there was also a marked increase in iWUE over the last 15 
years due to long-term drought conditions.  
 

- Tree growth did not increase in tandem with iWUE. Instead, tree growth increased in Arizona 
from 1880-1910, a period of intense grazing and logging, during which surviving trees would 
have been exposed to less competition. Growth declined from 1920-1980 during a period of fire 
suppression and increasing tree density. Growth was less variable at the Washington site, but 
did decline from 1950-2000, which was also a period of fire suppression and increasing forest 
density.  
 

- Climate between 1895 and 2013 also affected tree growth at both sites. Basal area index was 
positively correlated with mean annual Palmer Drought Severity Index and monthly 
precipitation and negatively correlated with temperature and vapor pressure deficit. 
 

- At both sites, treated units had increased growth (as measured by basal area increment) relative 
to control units. However, iWUE responded in opposite ways at the sites. In Arizona, iWUE 
decreased slightly in treated stands relative to the control and in Washington IWUE increased 
relative to the control. This indicates that tree growth was more water-limited in the dry post-
treatment conditions in Arizona, and light- or nutrient-limited in the wet post-treatment 
conditions in Washington.  

 
Future work: 
N/A 
 
Final recommendation 
Project is complete 


