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Quantitative estimates of natural cli-
mate variability are essential for as-
sessing human infl uence on climate. 
On long timescales they are derived 
from paleoclimatic proxy data, such 
as tree rings and varved sediments 
(e.g. DEKLIM-PROSIMUL), corals 
(e.g. DEKLIM-Corclim) and ice cores 
(e.g. DEKLIM-RESPIC). Past climates 
can also be simulated using numeri-
cal climate models (e.g. DEKLIM-
GHOST, CLIMCYC, and the newly 
funded MIDHOL). Consistency tests 
between empirical and simulated 
climate estimates (e.g. Jones et al. 
1998, Zorita et al. 2004) can reduce 
uncertainties, and contribute to the 
validation and improvement of cli-
mate models. In the DATUN (Data 
Assimilation Through Upscaling and 
Nudging) project, a new approach 
has been developed in which data 
and models are not compared but 
used jointly to provide estimates for 
past climate (von Storch et al. 2000, 
Jones and Widmann 2004). DATUN 
is a data assimilation technique that 
is tailored towards applications in 
paleoclimatology. It consists of an 
upscaling step, in which large-scale 
circulation is derived statistically 
from empirical data, followed by 
an assimilation step in which the at-
mospheric states in a climate model 
are forced to be consistent with the 
empirical estimates. Here we present 
an example for upscaling and test 
experiments with the assimilation 
method.

DATUN will be tested on instru-
mental data, before being applied 
to proxy data. We will force the 
ECHAM4 General Circulation Model 
(GCM) for the 20th century towards 
monthly or longer means of the 
amplitudes of the dominant circu-
lation modes in the Northern and 
Southern Hemispheres, the Arctic 
and Antarctic Oscillations (AO, AAO), 
and then compare actual and simu-
lated climate. Unlike in the Northern 
Hemisphere, gridded datasets for 
the Southern Hemisphere only ex-
tend back to the middle of the 20th

century. We have thus reconstructed 
the strength of the AAO, the Antarctic 
Oscillation Index (AAOI), from long 
pressure measurements using a prin-
cipal component regression method. 
Similar upscaling methods have 
been used to reconstruct numerous 
climate features from proxy data, 
including global- to regional-scale 
temperatures and the strength of at-
mospheric circulation modes (for an 
overview see Jones and Mann 2004). 
Our work builds on the station-based 

reconstruction of the Austral Sum-
mer (November-January) AAOI of 
Jones and Widmann (2003), who also 
produced a longer reconstruction us-
ing tree-ring width chronologies. The 
station-based reconstructions have 
now been extended to cover the 
four standard seasons. An example 
for Austral Autumn (March-May) is 
shown in Fig. 1a/b.

Assimilation simulations com-
plement equilibrium runs and ex-
periments with temporally varying 

Fig. 1: (aFig. 1: (aFig. 1: ( ) The MAM Antarctic Oscillation pattern (EOF1 of detrended ERA40 SLP) and the 
locations and statistical weights of the standardized station pressure records used to recon-
struct the AAOI. Colors and isolines show the pressure change in hPa for AAOI +1. The station 
regression weights are dimensionless and are given by the circle area. The grey circles denote 
negative values; the black circles positive values. Based on validation with independent data, 
50% of the variability of the true AAO (from the ERA40 reanalysis) is captured by the reconstruc-
tion. (btion. (btion. ( ) The reconstructed MAM AAOI. Bars show the reconstruction and the solid black line is b) The reconstructed MAM AAOI. Bars show the reconstruction and the solid black line is b
the 11-year fi ltered mean using a Hamming window. The thin lines show the 95% confi dence 
interval. ERA40 data kindly provided by the ECMWF, station data by Phil Jones. (cinterval. ERA40 data kindly provided by the ECMWF, station data by Phil Jones. (cinterval. ERA40 data kindly provided by the ECMWF, station data by Phil Jones. ( ) The AO c) The AO c
pattern in January (EOF1 of detrended NCEP Reanalysis SLP). The pressure change for a posi-
tive AOI of one standard deviation is shown. (dtive AOI of one standard deviation is shown. (dtive AOI of one standard deviation is shown. ( ) Stormtracks in January (2.5d – 6d fi ltered 500 d) Stormtracks in January (2.5d – 6d fi ltered 500 d
hPa geopot. height) in a control run without nudging. (ehPa geopot. height) in a control run without nudging. (ehPa geopot. height) in a control run without nudging. ( ) As 1d but in a run nudged towards a e) As 1d but in a run nudged towards a e
positive AO state. (fpositive AO state. (fpositive AO state. ( ) Amplitudes of the AO signal in 850 hPa vorticity in a run nudged towards f) Amplitudes of the AO signal in 850 hPa vorticity in a run nudged towards f
a positive AO state. NCEP reanalysis kindly provided by NCEP-NCAR. We thank Reiner Schnur 
and Ingo Kirchner for support with implementing pattern nudging into ECHAM4.
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forcings (for an overview see, e.g. 
Widmann and Tett 2003). Because 
of internal variability, the forcing 
factors do not completely determine 
the state of the system, and thus a 
transient forced run will yield only 
one of many possible realizations 
of the climate that are consistent 
with the forcing. Assimilation 
simulations attempt to also include 
part of the historic internally gener-
ated variability and compensate for 
model defi ciencies. Data assimilation 
into atmospheric GCMs has been op-
erationally employed for numerical 
weather prediction and atmospheric 
reanalyses using sophisticated meth-
ods, as well as for process studies 
and model validation using the sim-
pler nudging method, which directly 
forces the model states towards 
prescribed target values. To adapt 
nudging to paleoclimatic applica-
tions, where the climate estimated 
from proxy data is relatively uncer-
tain, DATUN was developed. The fi rst 
step is the estimation of large-scale 
climate states through upscaling, as 

described above. The second step 
will employ a newly developed pat-
tern nudging technique to nudge the 
model state towards the estimated 
large-scale states, without directly 
affecting components of the climate 
state that are not constrained by 
proxy data, and without suppress-
ing synoptic-scale variability.

In test experiments, the ECHAM4 
atmospheric GCM was nudged to-
wards constant target amplitudes of 
the AO. Instead of directly nudging 
the model SLP towards the AO pat-
tern (Fig. 1c), the relative vorticity of 
the wind fi eld was nudged through-
out the lower half of the troposphere 
towards the AO vorticity signal (not 
shown), which was defi ned by re-
gression maps (Widmann 2004). 
The amplitudes of the vorticity pat-
tern can be modifi ed as desired (Fig. 
1f), the SLP response to the nudging 
shows the AO structure and the 
specifi ed amplitude (not shown), and 
stormtracks are modifi ed in a physi-
cally plausible way without being 
suppressed (Fig. 1 d/e). Experiments 

using a coupled atmosphere-ocean 
GCM and historic values of large-
scale anomalies are in preparation.
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Solar forcing of climate is a long-
standing unresolved issue. Eddy 
(1976) was among the fi rst to pos-
tulate a link between a widespread 
cooling event and a low level of 
solar activity, suggested by the ab-
sence of sunspots in the 17th cen-
tury (Maunder minimum). Prior to 
visual observations of solar activity, 
only cosmogenic isotopes, such as 
14C, 10Be and 36Cl, preserved in well 
dated archives, provide proxy infor-
mation for solar heliomagnetic ac-
tivity. Their production rate depends 
on the shielding of the Earth by the 
magnetic fi eld around the Earth, 
i.e. the superposition of the Earth’s 
dipole moment and the solar wind 
(Masarik and Beer 1999).

In our project within DEKLIM, 
we focus on the reconstruction 
of solar activity using the decadal 
to century-scale fl uctuations in 

atmospheric 14C levels of the past 
12,000 years, and investigate cli-
mate proxies in tree-rings during 
intervals of quiet and active sun. 

The 14C level in the past is obtained 
from high-precision 14C analyses 
of decadal tree-ring sections, and 
14C production is then calculated 
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Fig. 1: Changes in 14C production rate (difference to long term trend, unit is atoms/cm2/sec) 2/sec) 2

compared to the percentage of hematite stained grains in North Atlantic cores MC52, V29191, 
V2381 (for details and locations see Bond et al. 2001). The 14C production has been calculated 
using an Oeschger-Siegenthaler carbon box model, from Δ14C in IntCal98 (Stuiver et al. 1998) 
and new extensions. The data sets are low-pass fi ltered, and detrended to remove the long-
term trend. Cooling events throughout the Holocene are coincident with intervals of low solar 
activity (high 14C production rate).


