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CLIMCYC: Modeling of the Last Glacial Cycle: Response of Climate and 
Vegetation to Insolation Forcing Between 132-112 ka BP
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The last ice age is known for high 
frequency climate fl uctuations 
that cannot be explained by astro-
nomical forcing alone. Therefore, 
an accurate simulation of internal 
feedbacks between individual 
climate subsystems is absolutely 
necessary. In the set of experiments 
presented here, the model’s abil-
ity to simulate climate feedbacks 
from the land biosphere has been 
verifi ed by transient simulations 
with both the ECHAML/LSG and 
the ECHAM/LSG/LPJ model. The 
experiments were performed with 
a time-varying insolation from 132 
ka proceeding to 112 ka. This time 
frame covers the transition from 
the last interglacial to the follow-
ing glacial and is therefore ideal 
for the study of climate feedbacks. 
Figure 1 shows the response of 
near surface summer temperature 
to the astronomical forcing in the 
northern hemisphere. The stronger 
cooling of the northern hemisphere 
in the model version with included 
vegetation model LPJ is mainly due 
to the replacement of forest with 

lighter grass or even snow areas 
in the higher latitudes. This effect 
is important for the establishment 
of continental ice sheets and the 
inception of glacials. since it in-

creases the albedo, thus amplifying 
the astronomical forcing.

In both model versions, in-
tensifi ed insolation during the 
interglacial stage 5e leads to 
higher precipitation over most of 
the continents. The maximum re-
sponse is registered in the tropics 
and the African-Asian monsoon 
belt (Fig. 2), due to higher land-sea 
temperature contrasts. Vegetation 
is established in the western part 
of the Sahara desert. This reduces 
the local albedo, which further 
amplifi es the land-sea temperature 
contrast, thereby strengthening the 
summer monsoon. The resulting 
change in monsoonal precipitation 
exceeds the response simulated 
by the model with non-dynamic 
vegetation by more than two-fold 
in this area.

Changes simulated by the dy-
namical vegetation model are most 
pronounced in the boreal regions 
of northern Asia, North America, in 
the tropics, and in the African-Asian 
monsoon belt. In the latter regions, 
an increased (decreased) vegetation 
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Fig. 1: Mean summer temperature anomaly (exp-ctrl) over land 45-65°N.
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Fig. 2: Global zonal mean precipitation anomalies [mm/month]
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coverage is modeled at around 125 
ka (115 ka), due to changes in mon-
soonal precipitation (see above). By 
contrast, a more direct response is 
observed in boreal areas. Here, the 
temperature effect due to higher 
(lower) insolation triggers a north-
ward expansion (southward retreat) 
of the vegetation, leading to large 
anomalies compared to a control 
run with present day climatology.

The simulated changes in veg-
etation are in good agreement with 
paleoclimatic evidence from proxy 
records. In particular, the greening 
of the western part of the Sahara 
desert at 125 ka is supported by re-
constructions from pollen records 
(van Andel and Tzedakis, 1996). 
Furthermore, the results are in 
qualitative agreement with fi ndings 
from proxy studies evidencing drier 
vegetation during glacial periods 
in the African tropics (Jahns et al., 
1998). The results for 125 ka agree 
well with equilibrium simulations 
produced by the higher resolution 
model ECHAM4/HOPE-G (EEM 

Subproject 2, this issue) and with 
transient simulations of the lower 
resolution Climber model, which 
actually includes more compo-
nents but of less complexity (EEM 
Subproject 7, this issue).

So far, the model has simulated 
strong climate feedbacks, justifying 
the use of more expensive complex 
3-D models. With the inclusion of 
continental ice sheets via SICOPO-
LIS, a much stronger response to 
insolation forcing, necessary for 
the simulation of glaciation, is 
expected. Finally, the coupling to 
HAMOCC will permit the simula-
tion of the long-term response of 
marine biogeochemistry such as 
carbon storage/release in the ocean 
and/or sediment.
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In the GHOST project, we explore 
the evolution of Holocene sea-
surface temperatures (SSTs). Our 
perspective consists of two base-
lines: the archiving and statistical 
evaluation of worldwide distrib-
uted existing, reedited, and newly 
collected marine alkenone-derived 
paleotemperature records and the 
use of actual but low-resolution 
general circulation models with 
high computational effi ciency, de-
signed for long-term paleoclimate 
studies.

We consider SST records solely 
based on the alkenone method in 
order to avoid potential bias due 
to using different SST proxies 
(Kim and Schneider, 2004). Our 
novel modeling strategy uses a 
technique for transient simulations 
with state-of-the-art climate mod-

els on paleoclimate time scales. 
By accelerating the very slow 
time scale of the Earth’s orbital 
parameters within a fully coupled 
atmosphere-ocean circulation 
model, we are able to investigate 
the infl uence of the slowly varying 
annual distribution of solar radia-
tion on the climate of the Holocene 
(Lorenz and Lohmann, 2004).

Statistical analysis of alkenone-
derived SST records indicates a 
transition from relatively cold to 
relatively warm conditions in the 
tropics from the middle to late 
Holocene (Rimbu et al., 2004). This 
tropical warming was accompanied 
by a SST decrease in the Northeast 
Atlantic, as well as in the western 
Mediterranean Sea, and a warming 
in the eastern Mediterranean Sea 
and the Northern Red Sea (Fig. 1a 

and 1b, Kim et al., 2004). This SST 
distribution pattern resembles the 
modern AO/NAO-related SST pat-
tern from this region, suggesting a 
transition from a more positive to 
a more negative phase of AO/NAO-
like atmospheric circulation from 7 
cal. kyr BP to the present. An anal-
ogy with the instrumental period 
suggests that this Holocene SST 
pattern is due to a decrease (in-
crease) of southwest (northwest) 
wind strength over the eastern 
North Atlantic (the northern Red 
Sea) (Fig. 2c, Rimbu et al., 2003). 
Model experiments (Lorenz and 
Lohmann, 2004) confi rm the re-
sults of statistical analysis of alke-
none SST data and show that the 
phase and amplitude of AO/NAO 
is controlled by the variation in 
solar insolation over the tropics 
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