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Context: The oxygen isotopic composition of tree-ring cellulose (18Oc) was shown to be a valuable climate 

proxy. The quantification of the imprint of sources compositions (soil water and vapour) and of fractionation 

effects on 18Oc would help improving the interpretation of this proxy in terms of climate.  

 

Objectives / scientific questions: The isotopic composition of atmospheric vapour plays an important role in the 

isotopic composition of cellulose (presumably through its effect on leaf water) (White et al., 1994). In models 

predicting the oxygen isotopic composition of plant organic matter atmospheric vapour is generally considered at 

equilibrium with surface water, while this assumption may not be always valid.  The aim of this project is to test 

the vapour- precipitation equilibrium hypothesis (Anderson et al., 2002) in the forest of Northern Patagonia 

where we collected wood material to perform climate reconstructions. 

 

Main results: We planned to base our study on the isotopic composition of the oxygen in the following 

reservoirs: soil, precipitation, springs and rivers, atmospheric vapour, tree leaves and tree-ring cellulose of 

Nothofagus pumilio in Northern Patagonia. A field campaign took place from February 22nd to March 31st 2017, in 

the Andean Cordillera, in the province of Río Negro in Argentina (41°47.412'S, 71°34.355'W, 1175 m). Due to 

logistic difficulties, soil water sampling could not be achieved. On the studied site, a Hobo® sensor (for 

temperature and relative humidity monitoring) and a manual rain gauge were installed. Specific humidity and the 

isotopic composition of the water vapour were monitored by a laser instrument (Picarro®, L2130-i). The isotopic 

compositions of 11 precipitation events, 7 local streams, and of the water of 6 leaves were determined. 

The vapour and precipitation we collected were not in isotopic equilibrium, although the deviation from 

equilibrium () is very small (between -1.9 to 4.2‰ in 18O; Figure 2). We explored the processes which could be 

responsible for this disequilibrium, which are: re-evaporation of rain drops during their fall, altitude of 

condensation, droplets size, evaporation of soil water and transpiration of trees. We concluded that low rates (1 

to 7%) of rain re-evaporation or soil water evaporation could produce the measured disequilibrium. The high 

relative humidity which persisted all over the campaign was consistent with such low rates. We also calculated 

that the contribution of tree transpiration to the vapour would need to be of 14 to 29% to account for the 

disequilibrium (Figure 2).  

The value of  being small, the classical assumption of isotopic equilibrium between precipitation and vapour was 

estimated to be valid in the humid context of Northern Patagonia, and the general models describing tree-rings 

isotopic composition, which assume this equilibrium, to be applicable. The conclusions reached in the wet 

Nothofagus forest may not be generalizable to drier ones.  
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Figure 1 represents the distribution of the deviations compared to equilibrium of the isotopic compositions of 
vapour during the campaigns. 
Figure 2 represents the contribution of tree transpiration to the water vapour (around 20%) during one of the 
rain events recorded during the campaign.  

Future of the project: 
We continue to work with our Argentinian partners through the project THEMES (BNP-PARIBAS ‘Climate 
Initiative’ programme), which deals with the expansion of the Hadley cell over South America. IVAPAPA and 
PATISO projects (our preceding LEFE project ‘Ring parameters of Patagonian trees and Southern Annular Mode) 
have laid the foundation of a successful and long-lasting collaboration. The very valuable data that were 
obtained thanks to the two LEFE projects formed the very substratum of THEMES. 
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