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Stable isotopes in tree ring cellulose and climatic change* 
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ABSTRACT 

Relationships between the stable isotope contents (c:5 2H, c:5 13C) in dendrochronologically dated 
tree rings of firs (Abies alba, Black Forest) and air temperature, relative humidity, as well as 
precipitation rate were investigated for the period 1959 to 1980. Only the late wood of each ring 
was used, since isotope data from early wood, grown during spring, does not unambiguously 
reflect the climate of the respective growth season. The c:5 13C-values, but not the c:5

2H-values show 
significant correlations with temperature, humidity, and precipitation. Based on this observa­
tion, c:5 13C-values were used to construct a paleoclimatic record for the past millenium. This 
required correction for anthropogenic 13C-inputs since about 1850. The reconstructed tem­
peratures are largely in agreement with presently-accepted variations in the recent past, whereby 
a "climatic optimum" appears during the Early Middle Ages with August temperatures about 
0.5°C higher than today. 

1. Introduction 

The isotopic composition of carbon stored in 
the growth rings of trees may document a record of 
13C/ 12C variations in atmospheric C0 2 , represent 
physiological responses to environmental changes, 
or a combination of both. In the first category, a 
decrease in 13C/ 12C in tree rings over the period 
1850-1950 was attributed to an increasing compo­
nent of 13C-depleted C02 , released into the global 
atmosphere by increasing fossil fuel combustion 
and/or by deforestation and expanding agri­
culture. Furthermore, tree-ring 13C/12C varia­
tions are caused by the physiological response to 
increasing global atmospheric C02 concentrations 
such as from increased natural biospheric carbon 
releases (Stuiver, 1978; Wilson, 1978; Freyer 
1979 ). In the second category, some authors have 
sought an explanation of 13C/12C variations in tree 
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rings through correlation with temperature (Libby 
et al., 1976; Pearman et al., 1976). In this case, it is 
normally assumed that the 13C/ 12C ratio remained 
constant in the atmosphere and, instead, a tem­
perature-sensitive metabolic process within the 
plants is implied. In the third category, it is 
suggested that 13C/ 12C in air is influenced by 
respiration from surrounding vegetation, which 
in turn responds to environmental factors such as 
temperatures and water availability (Mazany 
et al., 1980). Thus, climatologic variables such 
as relative air humidity and precipitation rate may 
also affect the c5 13C-values in tree ring cellulose. 

The 2H/1H and 180/160 ratios of meteoric water 
at any location are mostly related to temperature 
but atmospheric circulations may also have a 
considerable effect. Thus it is to be expected, and 
has been documented, that climatic conditions 
influence the 2H/ 1H, 180/160-compositions of tree 
ring cellulose (Epstein and Yapp, 1976; Francey 
and Farquhar, 1982; Rundel et al., 1988). In 
general, under warm and dry conditions enrich­
ment of heavier isotopes takes place. 

This study deals with the possible impact oftem­
perature, relative air humidity, and precipitation 
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