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Abstract

The ability of analysing atmospheric dynamics by idealiegperiments using a simplified circulation model
is illustrated in three related studies. The investigatifotus on the organization of localized strom tracks,
their impact on low-frequency variability, and on the resp®to external thermal forcing. A localized storm
track in agreement with observations is forced by a heatipglel embedded in a zonally symmetric field
if the dipole orientation corresponds to the Northern Hgimése winter case. The interaction of two storm
tracks leads to low-frequency variability. Spatial resmreabetween a low-frequency large scale retrograde
travelling wave and the storm track eddies is identified iceuthe fluctuations. Teleconnection pattern re-
markably similar to the observed North Atlantic OscillatigNAO) and Pacific North American (PNA) pat-
tern emerge when the distance of the two storm tracks is ghetobserved value of about T5@hile the
spatial resonance mechanism forces the NAO-like pattemgclinic processes are related to the PNA-like
teleconnection. Anomalies induced by large scale theroralrfg strongly depend on the background flow.
A non-linear response is observed in the model dependinbesign of the forcing and its position relative
to the storm track. A baroclinic and an equivalent barot@amponent defines the response. In addition, the
change of the space-time variability is affected by eddylfeeks.

Zusammenfassung

Die Leistungsfahigkeit von idealisierten Experimenten eimem vereinfachten Zirkulationsmodell bei der
Analyse der atmosphérischen Dynamik wird anhand dreigingihder verbundener Studien veranschaulicht.
Die Untersuchungen konzentrieren sich auf die Organisdtkalisierter Stormtracks und deren Einfluss
auf die niederfrequente Variabilitat sowie die Antwort @irien externen Antrieb. Ein lokalisierter Storm-
track in Ubereinstimung mit Beobachtungen wird durch eiHeizungs-Dipol erzeugt, der in ein zonal sym-
metrisches Feld eingebettet ist und dessen Orientierumgndedhemispharischen Winter Fall entspricht. Die
Wechselwirkung zweier Stormtracks fuhrt zu langperiddéstSchwankungen. Ein Mechanismus raumlicher
Resonanz zwischen langperiodischen, mit einer retrogatternden Welle verbundenen Schwankungen,
und den synoptischen Stérungen des Stormtracks wird alscbesder Variabilitét identifiziert. Telekon-
nektionsmuster, die bemerkenswert mit der Nord-Atlahsc Oszillation (NAO) und dem Pazifik Nord-
Amerikanischen (PNA) Muster Uibereinstimmen, treten beeei Stormtrack Abstand von 158uf. Wahrend

die raumliche Resonanz das simulierte NAO-Muster antrsibd im Modell barokline Prozesse mit dem
PNA-Muster verbunden. Durch einen grof3skaligen therneisémtrieb verursachte Anomalien hangen vom
Grundzustand ab. Eine nichtlineare Antwort abhangig vome&iehen und der Position des Antriebs wird
beobachtet, die sich aus einem baroklinen und einem aquivharotropen Anteil zusammensetzt. Auch
die Variabilitat in Raum und Zeit wird durch Rickkopplungschanismen mit den Stormtrack Stérungen
beeinflusst.

1 Introduction tained by the land-sea contrasts and fixed by heating

and orographic forcing (8AGORINSKY, 1953; HeLD,
983; HoskINSs and VALDES, 1990; TiNG, 1994).

Another feature of the Northern Hemisphere mid-

tude atmospheric circulation is its low-frequency

The concentration of mid-latitude eddy activity in th
so called North Atlantic and North Pacific storm trac
is a basic feature of the Northern Hemisphere wintqry;

time circulation (B.ACKMON, 197.6; B‘ACKMON etal., variability which to a large amount can be described b
1977;.LAL.J’ 19794, b). The physical mECha”_'S”F for thﬁ few ge%graphically fix%d circulation regimes referreg
organization, however, 1S less clear. In principal, t'}% as teleconnections like the Pacific North American
storm tracks may organize themselves by the feedbgskien (PNA) or the North Atlantic Oscillation (NAO)
of the eddies with the time mean flowBNG and QR (\y/| | ace and QUTZLER, 1981). These teleconnection
LANSKI, 1993). An' glternatlve mechanism IS the IOC"?"atterns undergo distinct life cycles with time scales of
ization of eddy activity by temperature gradients mai ome 10 days (ELDSTEIN, 1998, 2002). The role of
*Corresponding author: Klaus Fraedrich, Meteorologisdhetitut, the storm track eddies for the observed low-frequency
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interaction of the two storm tracks may be a source ®he actual model temperaturds relaxed towards a pre-
circulation anomalies (RAEDRICH et al., 1993; &k- scribed three-dimensional restoration temperature field

MOLLER et al., 2000). Tr within the time scalag:

Large scale thermal forcing like North Atlantic sea
surface temperature anomalies on interannual or inter- (0_1') _Tr=T 2.1)
decadal time scales can induce an atmospheric response 0t J cooling R '

Xitin ionary wav r altering th havior of o . . .
by exiting stationary waves or altering the behavior o Surface friction is incorporated via a Rayleigh fric-

the transients (BERKNES 1964; RALMER and SUN, i i di d relati Hoit ith
1985; FENG et al., 1997). Various feedback mechdlon acting on divergencd and relative vorticity wi

nisms have been discussed (see, for example, reviewélﬂlme scalerr:
FRANKIGNOUL, 1985 and lau, 1997) but a full under- <d(E,D)> _ (£,D)
friction

standing is still lacking. Also in this case, the localized ot =" (2.2)

storm tracks may play an important role. TF
While observations and comprehensive models pro- 5 hyperdiffusion ( 0) represents the effect of non-

vide extensive information on many aspects of the gkgolved eddies on the energy and enstrophy cascade:
mospheric circulation, its variability and its response to

external forcing, the use of simplified models may be

a promising additional approach. Systematic idealized o(T,&,D) O8(T,&,D) 23
sensitivity experiments at low computational costs can (T) difiusion  Tp (2.3)
gain deep insight into certain aspects by analysing the

underlying physical mechanisms. In this respect, this Bgnererp, gives the characteristic time scale.

per collects three studies performed with a simplified

atmospheric global circulation model aiming on (i) the . .

organization of localized storm tracks by diabatic hea- EXPerimental design

ing (FRIsIUS et al., 1998) and their effect on (ii) low- . e

frequency variability (RANZKE et al., 2000, 2001) and”ll €xperiments are performed utilizing a PUMA ver-
on (iii) the atmospheric response to external therm$iP" With T21 horizontal resolution (approx. 5%5.6
forcing (WALTER et al., 2001). Section 2 and Sectio?" the corresponding Gaussian grid) and five equally
3 describe the model and the experimental setups, ?89‘36_0' sigma levels in '_[he Vef“ca.'- A time step of one
spectively. The results of the different sets of sensjtivi{’0Ur iS used. Orographic forcing is omitted. Rayleigh

experiments are presented in Section 4. The paper clo$i&lion is applied to the lower most model level only
with a discussion and conclusions in Section 5. and the time scaler is one day. The hyperdiffusion is
set to damp the smallest wave number with a time scale

of 0.25 days. The time scale for the Newtonian cooling
2 Mode€ Tris 30 days for the upper three levels (sigm@1, 0.3,

0.5), 10 days for sigma 0.7 and 5 days for sigma0.9.
The experiments are performed using the simplifigdl experiments were run for several decades where the
global atmospheric circulation model PUMA (Portablérst years are not considered for the subsequent analy-
university model of the atmosphere,RKEDRICH et ses.
al., 1998). PUMA is a modern version of the spectral While all the above is common for all experiments
global model introduced by &iskiNs and SMMONS  described in this paper, the simulations differ with re-
(1975) and AvESs and (RAY (1986). The model solvesspect to the zonal asymmetries of the spatial distribu-
the primitive equations on the sphere utilizing the spetien of the restoration temperature fiélgd embedded in
tral transform method (EASEN et al., 1970; ®SzAG, a zonally symmetric profile (Fig. 1). The zonally sym-
1970) together with a semi-implicit time differencingmetric component of is defined by an equator to pole
scheme. In the vertical, equally spaced sigma levels agenperature contrast of 70 K at the surface which de-
used. While the dry dynamics represents the core otases to zero at the tropopause (which height is set to
state-of-the-art atmospheric general circulation modk2 km). The mean tropospheric lapse ratdpfs —6.5
(AGCM), simple and linear parameterizations for abati/km. Three sets of experiments are accomplished:
heating and dissipation replace the sophisticated param-
eterization packages of an AGCM. Moisture is not corfi) The organization of variability of a single storm
sidered explicitly. Following AMES and GRAY (1986) track
and HeLD and SUAREZ (1994) a Newtonian cooling

formulation parameterizes the diabatic heating/coolin§® Study the organization and variability of a single
Storm track a temperature dipole is superimposed on the

Lwww.mi.uni-hamburg.de3/puma zonally symmetric temperature profile (sketched in Fig.
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Figure 1: Sketch of the zonally asymmetric components of the referéemperaturdr. (a) Dipole orientation NE, Z or SE to force a
single storm track. (b) Two NE-dipoles with different distas. (c) Monopole (cross) added to the NE-dipole varyisgdsition. C and
W denote the cold and the warm pole, respectively.

NE-CASE SE—-CASE

Figure 2: Climatological hemispheric distribution of the simulatedchperature at 900 hPa (i€, upper panels), surface pressure (in hPa,
middle panels) and meridional wind at 300 hPa (in m/s, loveergts) for the NE-case (right column), the Z-case (middlaroa) and the
SE-case (right column).

1la). The dipole anomalies of the restoration temperidte dipole are performed: The NE-case (a north-east ori-
ture have magnitudes of 50 K in the lowermost modehtation of the isolines) corresponding to a Northern
level (sigma= 0.9). Due to the Newtonian cooling for-Hemisphere winter, the Z-case (zonal orientation) which
mulation this leads to heating anomalies of about 1§ more similar to a Northern Hemisphere summer and
K/day. Three experiments with different orientation ahe somewhat artificial SE-case (south-east orientation).
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NE-CASE Z—CASE SE—CASE

Figure 3: Maximum Eady growth rate (in 1/day, upper panels) and stahdieviation of the band-pass filtered 500 hPa geopoterdighh
(in gpm, lower panels), simulated in the NE-case (right goi)s in the Z-case (middle column) and in the SE-case (rightron).

In the vertical, the amplitude of the temperature anom@} Organisation and variability of a single storm
lies decreases to zero. track

(i) Theinteraction of two storm tracks The sensitivity of the mean climate (i.e. the temporal av-

A second temperature dipole similar to the first one infg 29 Over the tOt?" simulation time e_xclud|_ng_ the spin-
the Ty field (Fig. 1b) is introduced. Only the NE-casé‘p) to the orientation of the heating dipole is illustrated

is considered here. In a set of simulations the distan'@e':Igure 2 fqr s_elected fields. In ?‘” cases, the tem-
between the two dipoles changes from 189130, perature distribution at 900 hPa (Fig. 2, upper panels)
is controlled by the zonal asymmetries of the forcing.

(iii) The sensitivity of a storm track to large scale However the difference between the cold and the warm
thermal forcing anomalies is reduced by approximately 50 % compared
with the Tg field. A stationary high pressure center is lo-
Adding a temperature mono-pole on the warm pole sidated close to the cold anomaly in all simulations (Fig.
of the NE-case in the single storm track setup defingsmiddle panels). In the NE- and Z-case, a stationary
the third set of experiments (Fig. 1c). The zonal pgow emerges downstream at higher latitudes similar to
sition of the mono-pole is the same as for the wartie observed continental high and oceanic low configu-
pole of the dipole. The sensitivity to mid-latitude largeation in the Northern Hemisphere winter. In contrast, in
scale thermal forcing not unlike sea surface temperatyr@ SE-case a low is found upstream of the cold anomaly.
anomalies in the real atmosphere is studied by varyiggationary waves are present in all three cases, which is
the meridional position of this mono-pole (relative to thevident in the 300 hPa meridional wind (Fig. 2, lower

dipole). panels). Cyclonic (anticyclonic) shear is detected near
the cold (warm) low level temperature anomaly. Further

4 Results downstream, the stationary wave is radiated towards the
south-east.

In all experiments, the introduction of zonal asymme- In all three experiments the heating dipole leads to
tries into the forcing has only minor effects on the timan organization of a localized storm track, the position
mean zonally averaged circulation. However, the zonaflwhich corresponds to the area of largest baroclinicity.
asymmetric component of the flow is substantially modrigure 3 (upper panels) displays the maximum growth
ified in both, its time average and its variability. rate gg; of an Eady wave (EDY, 1949) at 700 hPa as a
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Figure4: Real (left) and imaginary (right) part of the leading CEOF.

0.6

measure of baroclinicity, which is given by

f d|v| 05 | |
OB| —0.31N ap (41)
where f is the Coriolis parameteN the Brunt Vaisala °¢
frequency,v the horizontal wind ang the pressure. .
The storm track maximum measured by the banzos - 1
pass filtered (RENBERTH, 1991) 500 hPa geopotential-£
height temporal standard deviation is located dow o,
stream and northward of tlgg; maximum (Fig. 3, lower
panels). Compared to the SE-case, the storm track
tends further downstream in the NE- and the Z-case. T
position of the maximum standard deviation depends
the dipole orientation and is farthest downstream intl *® o e 160 270 360 450 50 630 720
Z-case and closest to the dipole in the SE-case. Due w Time [days]
the coarse resolution and the lack of latent heat rele&é@!"e>: Amplitude time series of the leading CEOF.
the magnitude of the standard deviation amounts to 3/4

of observed values only. _ __complex empirical orthogonal functions (CEOFs) point

Summarizing the results for the mean circulation ang+ 5 \vavenumber two retrograde travelling wave, which
the transients, the NE-case is most similar to the Ofgpinits an amplitude modulation with a time scale of
servations. In this experiment, Iov_v-frequgncy variapilitap ot 50 days. The leading CEOF explains 23 % of the
can be detected which is associated with a retrogragley) variance of the unfiltered (daily) data. The real (Re)
propagating large scale wave pattern. However, Singgq the imaginary (Im) part of this CEOF are displayed

this feature is even more dominant in the experimenisigure 4. Following the definition of CEOF the pat-
with two storm tracks, the discussion of the underlying, .15 evolve in the following sequence:

mechanism is postponed to (ii).

01 ¢

(i) Interaction of two storm tracks .. =>Re=>Im=>—-Re=> —Im=>Re=> ...
First, the experiment with a zonal distance of 1&@- The imaginary part is associated with two large scale
tween the two heating dipoles is discussed. In this camaticyclonic perturbations downstream of the jets hint-
two storm tracks emerge with climatologies of the zoriRrg to a blocking-like event. These anticyclonic anoma-
ally averaged flow and the stationary waves similar ti@s are followed downstream by cyclonic areas with
those discussed in (i). The most prominent feature wkaker amplitudes. They are more zonally elongated
this run is the occurrence of low-frequency variabilitthan the anticyclones. The real part is shifted eastward
already present in the one dipole run, but more regulaith respect to the imaginary part. Exploring the ampli-
and with larger amplitudes. An analysis employing a dadde time series of this CEOF (Fig. 5) a distinct mod-
composition of the vertical averaged streamfunction intdation with a time scale of about 50 days is visible.
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a) b) means of the standard deviation of the (3 to 6 day) band-
/\/ 4.\/\ pass filtered 500 hPa geopotential height as a measure
H L L H for the storm track intensity. While in the 180ase two
@ @ identical storm tracks emerge, intensity and extension
varies in the 150run. The area with a smaller distance
Figure 6: Sketch of the spatial resonance mechanism. The wafreferred to as P-Area, according to ‘Pazific’ area) ex-
pattern represents the large scale eastward (arrows) gatpa hibits a stronger storm track than the other area (referred
anomaly. The forcing by the storm track eddies is indicatedhe to as A-Area, according to ‘Atlantic’ area). Also, the
shaded ellipses. The ridge (H) is amplified by passing tha afe strength of the P-area storm track exceeds the strength
maximum eddy forcing (panel a) while the trough gets dinfiais of the storm tracks in the 18@xperiment, whereas the

at this location (panel b). A-area storm track is weaker than the 186ference.
Teleconnections: Low-frequency variability connect-

Also both, real and imaginary, parts of the correspontld remote locations is characterized by teleconnec-
ing complex principal component show an oscillation dfon patterns deduced from the correlation maitrix
50 days. That is, the wave consists of a traveling pdM/ALLACE and QUTZLER, 1981). Teleconnection pat-
with a period of 50 days and an amplitude modulatidg™s based on monthly means of the 300 hPa stream-
of the same period. The evaluation of the phase indic&g#ction for the 180 and the 150simulation are shown
the retrograde propagation. in Figure 8 together with local correlation maps for
Spatial resonance: To identify the mechanism @pints of maximum teleconnectivity. In the 18experi-
amplitude modulation, an analysis of the streamfun@l€ent, the patterns are similar to the retrograde travelling
tion tendency equation for the low frequency flow i¥ave pattern discussed above. In the “LBRperiment
performed (@I and vAN DEN Dool, 1994; FeLp- the P-areais dominated by a quadrupole (P-pattern) cen-
STEIN, 1998) by separating the stream function forcinggred in the storm track which originates in the sub-
into individual contributions of low-frequency and highiropics. In the A-area a dipole structure describing a
frequency variations. A cross spectrum analysis revegi§ridional sea-saw (A-pattern) emerges. P-Pattern and
that the self interaction of the high-frequency eddies afdPattern are remarkable similar to the observed Pacific
its time mean part force the amplitude modulation. Alsdiorth American (PNA) pattern and the North Atlantic
the interaction between the low- and high-frequendyscillation (NAO).
transients, the sum of tilting term and vertical vortic- Life cycle: The life cycle of the P-pattern and the A-
ity advection and their respective time means act adattern is investigated using daily averages of the ver-
forcing. The phase relation shows that the initial forcingcal mean streamfunction anomalies. Composite anal-
comes from the self-interaction of the high-frequenciésis and decomposition of the barotropic streamfunc-
leading the amplitude by 60 Friction and the self- tion tendency are used to identify the spatial-temporal
interaction of the low-frequencies damp the anomaliddehavior and the underlying mechanisms. Figure 9 and
Linear terms related to Rosshy-wave motion drive tfagure 10 display the composite life cycles for the A-
propagation of the anomalies. Figure 6 sketches the @&d P-pattern, respectively, for positive anomalies (neg-
tected mechanism for the amplitude modulation whidive cases are similar but of opposite sign). The A-
can be denoted as ‘spatial resonance’. pattern dynamics is associated with a retrograde trav-
Storm track separation: The sensitivity of the resul@ling large scale Rossby wave. It originates in the cen-
to the prescribed distance of the forcing dipoles is ifer of the A-area storm track about 20 days before the
vestigated, because the distance between the two @Bomalies reach their maximum (zero lag). The wave
served Northern Hemisphere storm tracks differs frogimplifies when the high pressure area passes the storm
the 180. A set of experiments is performed with diftrack region and decays afterwards. The streamfunc-
ferent distances ranging from 186 130. The low- tion tendencies indicate that the mechanism of the wave
frequency variability in connection with a retrograd@mplification is the spatial resonance mechanism dis-
travelling wave is common for all experiments. Howcussed in the 180experiment (see above). A positive
ever, a decreasing distance between the storm trackE-gattern anomaly is associated with a positive large
related to a broadening of the spectral 50 day maximufi¢ale anomaly which is stationary during the life cy-
It nearly vanishes in the experiment with the smalleste. It amplifies until zero lag and decays thereafter with
distance (139). In addition, the horizontal structure ofan upstream development, indicating a wave dispersion
the wave changes from wavenumber two to wavenuiyhich resembles the life cycle of a persistent blocking
ber one. The following analysis concentrates on the 15event. Here, the barotropic streamfunction tendencies do
case which approximately corresponds to the observe®@f indicate any significant contribution to the amplifi-
distance between Pacific and Atlantic storm track. Figation. This hints to baroclinic processes governing the
ure 7 compares the 18@nd the 150 climatologies by P-pattern life cycle.
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Figure 7. Standard deviation of the band-pass filtered 500 hPa geafaitbeight (in gpm) for the 180case (left) and the 150case
(right).
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Figure 8: Teleconnectivity (panels a and d) and point correlationsr@anels b, c, e, f) of the 300 hPa geopotential height fod &
case (panels a—c) and the 15@se (panels d—f). Point correlations are computed usisg paints at the arrowheads displayed in panel a
and panel d.

(iii) Senditivity to large scale thermal forcing Figure 11 displays the response of the band-pass fil-
tered 500 hPa geopotential height standard deviation to
A non-linear response of storm tracks, stationary wavagvarm and to a cold monopole anomaly of 25 K mag-
and low frequency variability arises by adding a thepitude centered in the warm pole of the NE-dipole.
mal forcing monopole to the NE-dipole. A positivg The stationary response consists of a baroclinic and
anomaly in the warm center of the dipole leads to &) equivalent barotropic component. The baroclinic
poleward shift of the eddy activity. A poleward shift ofomponent is located near the warm (cold) monopole
the monopole weakens the storm track while an equaith a lower level trough (ridge) and an upper level
torward shift enforces the eddies. In contrast, a colfige (trough). The equivalent barotropic response ap-
anomaly in the warm center diminishes the synoptic aeears further downstream with maximum amplitude in
tivity. Here, a poleward shift reinforces the storm tracte upper troposphere. Positive (negative) anomalies of
and an equatorward shift attenuates the eddy activitye geopotential show up for a warm (cold) monopole.
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lag -10 days lag -5 days

lag 0 days

b) ¢)

a)

d)

Figure9: Composite life cycle of the A-pattern (vertical averageeam function) for positive anomalies for different timgda(a) —10
days, (b) -5 days, (c) 0 days, (d) +5 days, (e) +10 days (coimterval is 5x18 m2s—1). (f) shows the time average (contour interval is
10" més 1),

Eddy feedback has little impact on the baroclinic conof the storm track dynamics for the mean circulation,
ponent. However, the equivalent barotropic part is sids low-frequency variability and its response to external
nificantly enhanced, if the pattern is in phase with tHercing.
streamfunction forcing by the synoptic eddies as it is the
case for the warm monopole only. (i) Organisation and variability of a single storm

The low frequency variability is also affected by, ;4
the monopole forcing. In the warm monopole case the
variance of the retrograde travelling large scale Rossfyocalized storm track is established by a zonally asym-
wave which is observed in the storm track only casfietric distribution consisting of a heating dipole embed-
(see above) is increased. Standing wave componegési in a zonally symmetric profile. The orientation of the
contribute more to the low frequency variability andgipole affects the characteristics of the storm track and
partially, blocking-like events develop. Two differenthe background flow. The NE-case, a north-east orienta-
teleconnection patterns (not shown) can be identifigign of the dipole, shows the most realistic climatology.
which are related to wave trains induced by the warhe mean circulation and the distribution of the transient

monopole and the dipole, respectively. eddies are in good agreement with observations of the
Northern Hemisphere winter (BCkMON et al., 1977).
5 Discussion and conclusions Local baroclinic instability appears to be responsible for

the localization of eddy kinetic energy. The zonal varia-

The simplified atmospheric global circulation moddion of baroclinicity is mainly maintained by the heating,
PUMA is used to investigate physical mechanisms leagPnsistent with the results of d5KiNs and VALDES

ing to the observed circulation patterns and their vafi1990).

ability: (i) The organization and variability of a local-

ized singe storm track, (ii) the interaction of two storngj) | nteraction of two storm tracks

tracks and the induced low frequency variability and (iE(;

the response of a storm track to large scale thermal fokmw-frequency variability already present in the singe
ing. The results highlight the role and the importancgorm track NE-case experiment becomes more evident
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lag -10 days lag -5 days

c)

Figure 10: Composite life cycle of the P-pattern (vertical averageessh function) for positive anomalies for different timgsa(a) —10

days, (b) =5 days, (c) 0 days, (d) +5 days, (e) +10 days (comeerval is 5x18 m2?s~1). (f) shows the time average (contour interval is
10’ més1).

~
’

Figure 11: Response of the standard deviation of the band-pass fils@@tipa geopotential height (in gpm) for a warm (left) andld co
(right) anomaly of 25 K centered in the warm pole of the fogodipole.

if a second storm track is included. However, The chakusHNIR (1987); LANZANTE (1990); Lau and NATH
acteristics and the underlying mechanisms of the vaft999) and BRANSTATOR (1987). In contrast to KiSH-
ability proof to be sensitive to the distance of the twnlIRr the variability in the model is related to a blocking
storm tracks. In the 180case a retrograde travellinganti-cyclone at the end of the storm track while $:-
large scale Rossby wave with an amplitude modulatr found a random distribution of the anomalies. In
tion of nearly 50 days dominates the variability. In obthe model, the amplitude modulation is cased by a spa-
servations retrograde travelling wave are identified liyal resonance between the low-frequency wave and the
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forcing by high-frequency storm track eddies. A simieulation anomalies. It is apparent that for the North-
lar mechanism can be found in a shallow water oceam Hemisphere circulation the influence of orography
model (SURA et al., 2000). The pattern of the variabilmay also be important. Therefore, the role of orographi-
ity is in a general correspondence with the so-called R&ally forced stationary waves and the interaction of these
Mode for the Pacific (lau, 1988). The connection be-waves with the circulation (in particular with the storm
tween the blocking anti-cyclone and the synoptic eddigacks) will be the focus of future studies.

agrees with blocking case studiesq@ccl, 1985) and

with studies concerning the maintenance of blockingscknowledgements

by synoptic eddies (MLLEN, 1987). A hydrodynamic
instability causing the low-frequency variations as pr
posed by REDERIKSEN(1982); SMMONS et al. (1983)
or KUSHNIR (1987) is not supported by the model.

This paper comprises SFB-related research on storm
Qacks and low frequency variability based on exper-
iments with a simple GCM under idealized condi-

tions. While most details (and figures) are published,

In the 150 case two different patterns of IOW-this summarizing view has been prepared under the

frequency Va.”ab'“ty arise, which are In_remar kat.)I%FB-Ieitmotif and connection with the other research
agreement with the observed North Atlantic Osmlla’uonrojec,[S Klaus BTHLOFFs and another referee’s com-

and Pacific North American teleconnection patterns iR: i full K ledaed
troduced by (WLLACE and GQUTZLER, 1981). Life cy- Ments are greatiufly acknowledged.

cles of both teleconection patterns (A-pattern and P-
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