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Water isotopic signals from paleo 
archives represent multiparameter-
dependent climate records.  Past 
changes in various quantities and 
processes may have affected the 
isotopic compositions of atmo-
spheric moisture and precipitation.  
Even a detailed regional calibra-
tion study striving to understand 
all factors controlling the water iso-
topes on a seasonal to inter-annual 
basis cannot take into account the 
entire variety of possible changes 
in the past, ranging from circulation 
changes and corresponding chang-
es in the distribution of source 
regions to changes of the local hy-
drological cycle (e.g., lakes, vegeta-
tion type and coverage), variations 
in the seasonality of the precipita-
tion, etc.

General Circulation Models (GC-
Ms) with an embedded isotope 
module allowing the prognostic 
computation of the water isotopes 
provide an effective means of test-
ing the influence of a certain number 
of these different factors (Joussau-
me et al., 1984; Jouzel et al., 1987; 
Hoffmann et al., 1998; Werner et 
al., 2000).  In an ongoing study, for 
example, a set of numerical sim-
ulations has been performed with 

the ECHAM4 climate model of the 
Max-Planck Institut für Meteorolo-
gie, Hamburg, aiming to realistical-
ly reproduce six paleo time-slices of 
global climate (6 kyr BP, 11 kyr BP, 
14 kyr BP, 16 kyr BP,  21 kyr BP, 175 
kyr BP), plus “modern” and “pre-
industrial”.  Boundary conditions for 
the paleo time-slice calculations are 
listed in Table 1.     

Though various factors control 
the isotopic composition of precipi-
tation, the importance of the water 
isotopes in paleoclimate investiga-

tions traditionally originates from 
their role as a proxy for local tem-
peratures, particularly at high lati-
tudes.  Therefore the first question 
the present study addresses is to 
what extent the regional δ18O or 
δD signal is controlled by local 
temperature variations.  Figure 1 
shows the explained variance (r2 
in a simple correlation approach) 
computed for the simulated water 
isotope signal and the correspond-
ing temperatures.  As expected, 
there is a distinct high- versus low-

Table 1: Boundary conditions for the six paleosimulations used in this study

Time Slice	 	 CO2	 	 Insolation	 	 SST	 	 	 Sea Level	 	 δOcean

6 kyr BP	 	 280 ppm	     6 kyr BP	 	 Modern	 	 Control	 	 0 ‰
11 kyr BP	 	 280 ppm	   11 kyr BP	 	 Interpol. CLIMAP	 -30 Meters	 	 +0.4 ‰
14 kyr BP	 	 240 ppm	   14 kyr BP	 	 Interpol. CLIMAP	 -60 Meters	 	 +0.8 ‰
16 kyr BP	 	 220 ppm	   16 kyr BP	 	 Interpol. CLIMAP	 -87 Meters	 	 +1.2 ‰
21 kyr BP	 	 200 ppm	   21 kyr BP	 	 CLIMAP	 	 -106 Meters	 	 +1.5 ‰
175 kyr BP	 	 200 ppm	 175 kyr BP	 	 CLIMAP	 	 -106 Meters	 	 +1.5 ‰

latitude pattern.  In high northern 
or southern latitudes the water iso-
tope signal is largely controlled 
by corresponding local tempera-
ture variation, in many areas more 
than 90%.  In contrast, at low lat-
itudes (approximately < 45°N and 
S) the simulated isotope pattern is 
generally more strongly affected by 
precipitation intensity and circula-
tion changes (though noting that 
temperature sensitivity does occur 
in some low-latitude locations be-
cause of convective precipitation 

triggered by temperature chang-
es).

A key factor potentially biasing 
the interpretation of the water iso-
topes as a paleothermometer, even 
at high latitudes, is the seasonality 
of precipitation.  Any change in 
the seasonal distribution of precip-
itation naturally shifts the annual 
mean water isotopic signal versus 
the corresponding seasons.  The 
common assumption that the lo-
cal spatial isotope-temperature gra-
dient is a valid approximation of 
the temporal gradient (modern ana-
logue approach) crucially depends 
on unchanged and approximately 
equally distributed seasonality.   Fig-
ure 2 demonstrates the importance 
of this feature, focussing on the 
simulated seasonality of tempera-
ture, precipitation and water iso-
topes over central Greenland.  In 
this region the simulated spatial 
δ18O-MAT gradient under modern 
conditions is of the order 0.5‰/°C, 
slightly lower than that observed.  
Whereas temperature and water 
isotopes are characterized by a 
strong but essentially unchanged 
seasonal cycle throughout the en-
tire period, precipitation amount 
and seasonality are dramatically 
different under glacial and non-gla-
cial conditions.  Under non-glacial 
climate conditions, precipitation is 
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Fig. 1: Temporal correlation (= r) between the isotope and temperature anomalies calculated 
for each point of the ECHAM4 grid for the Holocene time-slice calculations.  As expected, the 
explained variance (= r2) of the isotope signal is characterised by a strong contrast between 
high and low latitudes. 
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fairly equally distributed over the 
year, with a slight maximum in 
early autumn.  A contrasting situ-
ation exists under near- or full-gla-
cial conditions, marked by reduced 
precipitation overall, and most par-
ticularly during winter, thus strong-

ly biasing the water isotope signal 
towards that of the summer.  This 
mechanism explains about 70% of 
the difference between the simu-
lated spatial and temporal isotope-
temperature gradients - the latter 
being unreasonably low (in the or-

der of 0.2‰/°C) in the absence of 
correction for seasonality, which 
increases the gradient to about 
0.4‰/°C.    This provides a graphic 
example of the utility of isotopic-
GCMs as “thinking tools”, since 
this profound shift in the temporal 
isotope-temperature relation can 
be related directly to the extreme 
southward shift of the winter polar 
front under glacial conditions and 
the concomitant suppression of 
meridional moisture transport to 
central Greenland, thus offering a 
clear mechanistic explanation for 
the apparent failure of the isotope 
paleothermometer across the gla-
cial-interglacial transition (e.g., see 
Cuffey et al., 1995; Dahl-Jensen et 
al., 1998; Severinghaus et al., 1998; 
Lang et al., 1999).   
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ECHAM4: Seasonal Cycle of T, P, 18O
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Fig. 2: Simulated (ECHAM4) seasonality of temperature, precipitation and δ18O over Central 
Greenland.  Between 11 kyr BP and 14 kyr BP there is a pronounced reduction of winter 
precipitation, which is responsible for the strong bias of the isotope paleothermometer to 
warmer summer temperatures during near- and full-glacial conditions. 
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The Mediterranean basin is a cli-
mate-sensitive region with an ex-
ceptionally long and rich history 
of human use and abuse, stretch-
ing back to the advent of Neolithic 
farming in Southwest Asia around 
10 kyr ago. These factors have 
led to a great interest in the en-
vironmental history of the region, 
especially through the last gla-
cial-interglacial transition and the 
Holocene. However, the long and 
complex history of cultural-envi-

ronmental relations has created 
some difficulties in distinguish-
ing climate change from human 
impact in many palaeoenviron-
mental proxy records, for example 
through pollen analysis .

Unlike pollen, isotope-based 
records from non-marine settings 
are unlikely to be compromised by 
human impact, and a substantial 
volume of work from continental 
archives from the region is now 
appearing in the literature, in par-

ticular from lake records (Fig. 1). 
This number of isotope records 
has the potential to allow com-
parison of environmental change 
across the Mediterranean basin.  
However, which specific climatic 
and environmental factors drive 
the changes in stable isotope ra-
tios - as measured from various 
biogenic and authigenic fractions 
of lake sediment - remains under 
debate. 

PAGES NEWS, VOL.10, N°2, JULY 2002


