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ABSTRACT 

Continuous time series of 60 and 6180 in atmospheric water vapour and precipitation at 
Heidelberg are presented for the years 1981 to 1988. It is often not possible to derive the isotopic 
composition of the water vapour from the isotopic composition of precipitation for individual 
months. However, a close relationship does exist between the isotopic composition of the vapour 
and the precipitation on a timescale of a few years. The correlation of isotopic composition with 
temperature is much better for the vapour data than for the precipitation data. The ~()/~Trela
tionship of the seasonal variations is itself a function of temperature, being much lower during 
warmer periods than during cold periods. Especially during summer months, the admixture of 
water vapour originating from plant transpiration plays an important role in biasing the ~6/~T 
relationship towards lower values. This effect complicates the calculation of paleotemperatures 
using isotopic data. 

1. Introduction 

The content of the stable isotopes 2H 
(deuterium= D) and 180 in a water sample is 
usually expressed as the deviation from Standard 
Mean Ocean Water (SMOW) 

Rsample-RSMOW · lOOO (in 0 /oo), 

RsMow 
(1) 

where R is the isotopic ratio of the sample (e.g., 
R = 2H/ 1H). Spatial and temporal variations of JD 
or J 180 in atmospheric water vapour and in 
precipitation are caused by isotopic fractionation 
associated with evaporation and condensation 
processes during the global water vapour circula
tion. In these phase transitions, the isotopically 
labelled water molecule species HDO and H ~80 
preferentially remain in the liquid phase or 
are transferred into the liquid phase. Thus, pre
cipitating air masses are progressively being 
depleted in 2H and 180 during the process of moist 
adiabatic cooling. This explains why the observed 
variations of bD and b 180 in precipitation are 
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correlated with local temperature variations 
("temperature effect"). 

Variations of JD or J 180 measured in ice cores, 
groundwater or plant material (tree rings) are 
interpreted as indicators for changing climatic 
conditions in the past. But up to now, the problem 
of how to quantify differences in isotopic composi
tion, for example, as temperature differences, has 
not been satisfactorily solved. In most cases, it is 
difficult to establish the proper relationship 
between the apparent isotopic variations and the 
underlying variations in temperature. 

The isotopic composition of groundwater, 
glaciers and polar ice sheets is directly derived 
from precipitation in the past. To understand the 
processes underlying the isotopic variations in 
precipitation, it is necessary to first determine how 
the isotopic composition of modern precipitation is 
linked to the climatic conditions of today. Due to 
the worldwide precipitation sampling network 
established by the IAEA and the WMO, an 
extensive isotopic data set does exist for recent 
precipitation, which was already statistically 
analysed (see, e.g., Yurtsever and Gat, 1981 ). To 




















