
Tel/us (1994), 46A, 265-285 
Printed in Belgium - all rights reserved 

Copyright © Munksgaard, 1994 

TELL US 
ISSN 0280--0495 

Circulation regime fluctuations and their effect on 
intraseasonal variability in the ECHAM climate model 

By MICHAEL PONATER* 2
•
1
, WINFRIED KONIG', ROBERT SAUSEN2

•
1 and FRANK 

SIELMANN 1
, 

1 Meteorologisches Institut der Universitat Hamburg, Bundesstr. 55, D-20146 Hamburg, 
Germany; 2 Institut fur Physik der Atmosphare, DLR Oberpfaffenhofen, D-82234 Wessling, Germany 

(Manuscript received 1February1993; in final form 26 October 1993) 

ABSTRACT 

The interannual variability of the observed extratropical atmosphere is known to be arranged 
in well-defined spatial patterns ( teleconnection patterns). The representation of these patterns in 
multi-year runs with the ECHAM2/T21 general circulation model is investigated for Northern 
Hemisphere winter, applying the techniques of teleconnectivity analysis and EOF-analysis. 
Simulations either including or neglecting the forcing effect of interannual sea surface 
temperature variability (SST) are considered. Prominent modes of interannual atmospheric 
variability like the Atlantic oscillation, the West Pacific pattern, and the Pacific/North American 
pattern are all reproduced by the model. If interannual SST variations are included, the simula­
tion of the patterns is far more realistic. The features of the Atlantic Oscillation appear to be 
particularly sensitive in this respect. The fluctuations of the interannual variability patterns (or 
regimes) have a substantial influence on the strength and the spatial structure of intraseasonal 
transient activity, both on the cyclonic and the low-frequency (weekly) time scale. This is con­
sistently pointed out by conventional transient eddy statistics and by consideration of individual 
synoptic events. The simulated relationship between interannual variability and intraseasonal 
variability compares favourably with observational evidence. Hence, the results suggest that 
methods of deducing local climate changes from large-scale response patterns of the model may 
be successful. 

1. Introduction 

The spectral general circulation model ECHAM, 
and particularly its low-resolution (T21) version, 
is destined to serve as the atmospheric part of a 
coupled climate model. A number of climate 
change experiments have already been run with 
the coupled model, among which are transient 
COrscenario experiments lasting up to 100 years 
(Cubasch et al., 1992). However, the three-dimen­
sional atmospheric response developing in those 
long-term runs can only be accepted with con­
fidence, if the atmospheric model is sufficiently free 
from systematic errors: Not only with respect to its 
time-mean state but also with respect to the large 
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scale features of low-frequency variability. Thus it 
is desirable to perform, under present-day climate 
conditions, short range experiments that can be 
subject to validation with observed data. 

In this paper, we will focus our attention on 
the representation of Northern Hemisphere extra­
tropical interannual variability patterns, as they 
show up in a 19-year seasonal cycle integration 
with the GCM version ECHAM2. The atmospheric 
model was run in the uncoupled mode, but to 
allow a fair comparison with the observed inter­
annual variability the boundary condition was 
specified using 19 different annual cycles of nearly 
global sea surface temperature (SST) anomaly 
(taken from the period 1970 to 1988). This integra­
tion will be called the "GAGO" -run throughout 
this paper, where the technical term GAGO means 
"Global atmosphere-global ocean". Similar runs 










































