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Assessment of current and prediction of future eco-
system functioning, and change (trajectories, ampli-
tudes and rates) will depend on how well we under-
stand the ecosystems’ responses to forcing, both 
natural and man-made. Holocene paleoenvironmen-
tal records offer unique and most informative high-
resolution, multi-proxy, (potentially) worldwide insight 
into a variety of forcing parameters and related 
changes imposed on a broad range of ecosystems. 
Most critical are biological systems and the water 
cycle. Despite the fact that future changes are likely 
to be without analogs, Holocene records, in particu-
lar the last 1000 years, provide quantitative informa-
tion on ecosystem transformation processes, which 
then can be compared and tested with numerical 
models to study ecosystem sensitivity, critical 
thresholds and adaptation. This information is fun-
damental to assess ecosystem services and life 
support systems under a changing regime, and to 
evaluate related risks. The Holocene matters! 
The Holocene (11,500 cal yr B.P. to the present) is 
unique in several aspects: (i) it offers the study of dif-
ferent forcings at different time scales (Milankovitch 
to interannual) and ecosystem responses in a world 
with relatively stable interglacial boundary conditions 
(atmospheric composition, sea ice and land cover) 
that are similar to those of today and may, therefore 
provide ‘best’ analogues, (ii) it provides insight into 
the amplitudes, rates of change and spatial patterns 
of natural variability, which is a key for anthropogenic 
signal detection and attribution, and which will al-
ways underlie the trajectories of any human induced 
change, and (iii) discovers the increasing impact of 
the human fingerprint, from the time when early cul-
tures started to engineer, transform and modify se-
lected components of the Earth System from local to 
nowadays global scales. Holocene records provide 
insight into the functioning of the Earth System at a 
degree of detail that that is unique and novel, but at 

the same time discloses increasingly significant in-
consistencies and limitations of the methods, tech-
niques and interpretations currently available.  
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In this keynote we will briefly review the global 
boundary conditions and natural forcings at different 
temporal scales (orbital, solar, GHG, land cover) 
over the last 10,000 years, and summarize the eco-
system responses in mid-/high- and low-latitude ar-
eas. It appears that mid- and high latitude archives 
recorded mostly (summer)-temperature changes, 
while large-scale and high-amplitude changes in the 
hydrological cycle were most pronounced and fun-
damental for the (sub)-tropical areas. While at multi-
millennial time scales, orbital forcing (mainly summer 
insolation) was the main driver for summer tempera-
ture changes in the NH mid-latitudes (“Holocene 
Thermal Optimum”) or summer precipitation in the 
NH (sub)tropics (“Early Holocene paleomonsoon”), 
solar forcing is believed to be the key forcing at cen-
tennial to multi-decadal scales, and volcanic forcing 
(mostly on the northern hemisphere) at the sub-
decadal scale. High-frequency solar and volcanic 
forcing seem to be less important on the southern 
hemisphere, which, in theory offers thus best oppor-
tunities for the detection of recent changes in the 
greenhouse gas forcing. The lower-frequency 
changes are often modulated by oscillators at 
(sub)decadal variability (such as e.g., ENSO and 
AO/NAO), which may be stochastic in nature, or be 
locked in one phase over longer periods of time (cli-
mate regimes). Observations and models show that, 
for instance, a strong NH summer monsoon (10-6 
kyr B.P.) suppresses the frequency and intensity of 
ENSO, which in turn has strong impacts on ecosys-
tems in large parts of the world.  
As a case study, the “Holocene Thermal Optimum” 
in the Alpine region will be highlighted and compared 
with NH high latitudes, showing that early and mid-
Holocene warm pools (mainly summer TT) were not 
stationary despite the orbitally driven summer insola-
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tion forcing. It is on purpose, why this keynote fo-
cuses on the forcings and the reasons that are 
thought to stand behind the observed Holocene eco-
system transformations. Although still limited, this in-
formation is absolute key if Holocene ecosystem 
changes (such as e.g. the extent of Alpine glaciers) 
are compared with current changes, were the ob-
served result may be similar in nature but for very 
different underlying reasons.          
The Holocene experienced also several Rapid Cli-
matic Changes (RCCs) and “swings” with related 
high impacts on terrestrial ecosystems (often “cold 
poles - dry tropics RCCs”, for the Little Ice Age “cold 
poles – humid in some parts of the tropics”, 
Mayewski et al. 2004). During the most prominent 
RCC, the 8.2 event, many NH tropical lakes show 
multi-centennial low-stands, while mid- and high-
latitude areas reveal a cooling as indicated by bio-
logical proxy in aquatic systems or pollen. It has 
been argued that the RCCs are cyclic. While Early 
Holocene RCCs are attributed to major freshwater 
reorganizations in the N-Atlantic, mid- and late Holo-
cene RCCs are believed to be related to solar min-
ima (such as e.g. the 2800 yr BP-event).  
The (NH, extratropical) climate of the last 1000 years 
are well documented and suitable to study the transi-
tion from the Holocene to the Anthropocene. Data on 
the SH are still extremely scarce. New data sets em-
phasize the importance of seasonality and the piv-
otal significance of the regional nature of natural cli-
mate variability and change (Luterbacher et al. 
2004), and the related ecosystem responses. While 
the structure of NH changes over the last 1000 years 
is largely consistent, a major controversy exists 
about the amplitude of pre-industrial climate variabil-
ity (Esper et al. 2005). This is a key to scale the sen-
sitivity of the climate system to radiative forcing, and 
to assess the impact of future changes. 
Recent developments in the field (higher resolution, 
new sites, new proxies) suggest the following current 
short-comings and future challenges for research:  
- There is growing evidence that Transfer 
Functions are not stable in time and the sensitivity of 
a given proxy may change during the calibration pe-
riod (Esper et al. 2005). The intrinsic problem is that 
the calibration period (20th Century) undergoes 
unusually strong trends. An up-date of data sets and 
independent reconstructions (documentary data!) to 
extend the calibration period are needed. 
- There is growing evidence that the spatial 
structure of large-scale atmospheric patterns (tele-
connectivity) is not persistent (Schmutz et al. 2000), 
which makes the reconstruction of climate fields and 

indices, and the comparison of ecosystem impacts 
from point sources very difficult. The error can usu-
ally not be assessed. 
- The transformation of a given signal (an-
thropogenic or climate) into proxy information is 
mostly poorly understood (seasonality, parameters 
and processes involved, diagenesis, response lags 
and memory effects), and calibration periods are 
short. More process studies are needed and new 
(statistical) analysis tools have to be employed 
(holds also for the curricula!). 
- Natural archives are biased towards the 
warm growing (summer) season. The winter season 
is mostly not seen. The cold season is, at least for 
TT changes in Europe during the last 500 years 
much more important than the summer season. 
- A strong development of new analytical 
techniques and proxies (focus on corals, speleo-
thems, lake sediments, organic geochemistry), and 
model-based interpretations (paleo-meteorology) 
takes place. There is a lack of adequate data sets, 
particularly for the cold and transitional seasons 
(Xoplaki et al. 2005) and low-latitudes and the SH 
(Grosjean and Villalba, 2005).     
- In practice, the attribution of human impact 
and climate/environment variability is often very diffi-
cult or impossible. Novel statistical approaches may 
offer perspectives.  
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