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Decadal cyclone variability in the North Atlantic
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Abstract

The unstable midlatitude ocean-atmosphere coupling eietvthe definition of two decadal regimes with
distinct implications for the North Atlantic cyclone vabidity. Phases with low (high) decadal variability of
the North Atlantic Oscillation, which are connected witheamular (sectoral) spatial scale of the geopotential
height teleconnection pattern, are identified as a hemiagpfregional) regime. In the hemispheric regime
during a positive El Nifio/Southern Oscillation (ENSO) irderarm event), the North Atlantic cyclones and
the regions of enhanced precipitation shift southwardewiler northern Europe the cyclone activity and the
rainfall are reduced. During the regional regime this intmi&ENSO on the Atlantic storm track is extremely
small and a clear interpretation over Europe is inhibited.

Zusammenfassung

Die instabile Atmosphéare-Ozean-Wechselwirkung in derlenén Breiten begriindet die Definition zweier
dekadischer Regime mit charakteristischen Auswirkungehdie Variabilitat der nordatlantischen zy-
klonalen Aktivitat. Phasen mit niedriger (hoher) dekadescvariabilitat der Nordatlantischen Oszillation, die
mit annularen (sektoralen) raumlichen Skalen der Geopatefelekonnektionsmuster zusammenhéangen,
werden als hemispharische (regionale) Regime identifidirarhemispharischen Regime bei einem positiven
El Nifio/Southern Oscillation (ENSO) Index (Warmereignisjschieben sich die nordatlantischen Zyklonen
und die Regionen erhéhten Niederschlags studwarts, waldierzi/klonale Aktivitat und der Niederschlag
Uber Nordeuropa reduziert sind. Im regionalen Regime iSE8ES O-Einfluss auf den nordatlantischen Storm-
track sehr schwach und eine eindeutige Interpretation Bbespa nicht méglich.

1 Introduction and NAO has been identified in observationsz4Ga
and FRANKIGNOUL, 2002) and in coupled atmosphere-
The state of the atmospheric circulation can be describeckan general circulation model (AOGCM) experiments
by teleconnection indices (M/LACE and QUTzLER, (GROTzZNERet al., 1998). The NAO is connected with
1981; BARNSTON and LIVEZEY, 1987) which refer to an Atlantic SST tripole as described byuAand Gor-
recurring and persistent large-scale patterns of pressorN (2002). The transient-eddy fluxes in the storm track
and circulation anomalies. Some of these patterns, eayg important for the atmospheric responseNBet al.,
the Pacific-North American (PNA) pattern, are related 2002; WALTER et al., 2001).
the El Nifio/Southern Oscillation (ENSO). In the North The hemispheric (annular) paradigm is motivated by
Atlantic the preferred mode of low-frequency can bihe importance of tropical variations for the North At-
considered from two different aspects: The Northetantic climate (ROWNTREE 1972; FRRAEDRICH, 1994).
hemispheric Annular Mode (NAM) or Arctic OscillationThe NAM or AO illustrates a coupling between the
(AQ) illustrates a coupling between the Atlantic and P#tlantic and Pacific region (WLLACE and THOMP-
cific region describing a hemisphere modeAWACE SON, 2002b). Observations FAEDRICH and MULLER,
and THOMPSON 2002b) whereas the North Atlantic 0s1992) and model sensitivity experiments ERKEL and
cillation (NAO) favours a regional prospect{BRKNES LATIF, 2002) support an ENSO-Europe connection. The
1964). anti-correlation in the tropics and in the subtropics of
The NAO or regional (sectoral) view on the Atlantidhe upper-tropospheric relative humidity reflects the en-
region suggests that the atmosphere is leading the ochanced strength (weakening) of the Hadley cell over the
on short times, while the ocean is leading on times scaksstern Pacific (Atlantic) during El Nifio ()¢IN et al.,
beyond one year (BERKNES 1964). A positive feed- 1999).
back between the Atlantic sea surface temperature (SST)During the last century the temporal behaviour of
the teleconnection indices covers a wide spectral band
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Figure 1: ENSO-Composite (El Nifio minus La Nifia) of sea level pres$arga) the sectoral and (b) the hemispheric regime. Shading
indicates the 90 % significance level (dark negative, ligitifive values).

hanced (active) and reduced (passive) decadal vayanised as follows: The data basis and the analysis tech-
ability (APPENZELLER et al., 1998). A synthesis ofniques are described in Section 2. The results are pre-
both, the temporal concept of PRENZELLER et al. sented in Section 3 followed by the conclusions in Sec-
(1998) and the spatial aspect put forward byeBk- tion 4.
NES (1964) and WKLLACE and THOMPSON (2002b),
penzeller's phases are connected with characteristic spa-
tial correlations due to the non-stationarity of the oceamhe analysis is based on a 600-yr simulation with a cou-
atmosphere coupling, e.g. a local NAO-SST tripole vpled AOGCM (LEGUTKE and Voss 1999, for a de-
a hemispheric AO-ENSO impact. These findings led tgiled description). The atmosphere is simulated with
the definition of two decadal regimes: (i) a regional GCM in triangular truncation at wavenumber T30
regime during active phases with independent sectofal75° x 3.75°) and 19 hybrid sigma-pressure levels up
patterns in Atlantic and Pacific and (ii) a hemispherig 10 hPa. The ocean is simulated by a primitive equa-
regime during passive phases with an annular patternisshs model which is based on the Boussinesq approxi-
connection with ENSO. mation and implemented on a horizontal Gaussian T42
A prominent weather component with severe imarakawa-E grid and 20 irregularly distributed levels.
pacts on temperature and precipitation are the midlatihe models are coupled via the Ocean Atmosphere Sea
tude synoptic cyclones. The variability of the midlatitce Soil coupler. A stationary climate is achieved with
tude storm tracks is related to low-frequency changes#i annual mean flux correction scheme for present day
the atmospheric circulation @u, 1988). In the clima- ¢limate conditions.
tological mean, for a positive NAO-index the Atlantic The Eulerian storm track is measured as the re-
cyclones are shifted northward and for positive ENSQon of enhanced standard deviation of the band-pass
anomalies the North Pacific cyclones are displaced edgtered (2.5 to 6 days) 500 hPa geopotential height
ward (HOERLING et al., 1997; &KMOLLER et al., (BLACKMON, 1976; WALLACE et al., 1988; lau,
2000). Entering in a series of previous studies@E 1988). The filter restricts the variability to the character
et al., 2001, 2004) the aim of this paper is to investistic time scale of synoptic cyclones, but a considerable
gate decadal variations of North Atlantic cyclones sepamount of anomalies which are not related to cyclones,
rately for each decadal regime. The phases are identifieg., waves and high-pressure systems, is included.
by the strength of the decadal NAO variability. The spa- The Lagrangian cyclone track is estimated as the area
tial scale is illustrated by a composite analysis using ta¢ enhanced cyclone occurrences. The cyclone trajecto-
ENSO-index. The analysis is based on data from a longes are identified as low-pressure systems at subsequent
term AOGCM simulation and considers storm track§ime steps (BENDER et al., 1997). To avoid spurious
cyclone tracks and precipitation data. The paper is @fetections, we demand a minimum lifetime of 3 days
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track or the 2.5-6 day bandpass-filtered standard deviafidghe 500 hPa geopotential height (unit: gpm), (c,d) cyeldensity (unit:
number of cyclone times 100 per (1000 ix)e,f) precipitation (unit: mm per day). Note that 2b isnitleal to Fig. 3b in RIBLE et al.
(2004). Shading indicates the 90 % significance level (dadative, light positive values).
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L

and a maximum gradient of at least 30 gpm per 1000 km @) S
during the life cycle. The density of cyclones is the num- 00\6(
ber of occurrences normalised by the number of obser-
vations and by the sampling area of 186@n?. W)
The NAO index is determined as the 500 hPa geopo-
tential height difference between the Azores and Ice-
land. The geopotential height time series are standard- “
ised averages of the four most nearby model grid points
in the two regions. The ENSO index is defined by the g
SST in the Nifio 3 region (B-5N, 150W-90W; <
TRENBERTH (1997)). Z
To distinguish between active and passive phases, (b) L
the spectrum of the NAO is calculated for 30-yr win- N
dows in the 600-yr time series by the maximum en-
tropy method. The centred variance (deviation from the
long-term mean) in the 5 to 30-yr spectral band charac-
terises active (passive) phases if the variability is above L ZI
one standard deviation (below minus one standard devi- e - M_ -
ation). This illustrates the non-stationarity (or high low cold X
frequency variability) of the NAO on decadal time scales (c) e
which may lead to the lack of statistical averages in fi- H
nite periods. Note that not all 30-yr segments can be as-
signed to an active or passive phase. The active and pas-
sive phases including the temporal behaviour of the 5 to .
30-yr spectral band variability can be found in Fig. 3¢ in — H =
RaBLE etal. (2001).  memsmsss=s--se----------
The spatial scale for each phase is displayed by a
composite analysis using the ENSO index (threshold _ _ _
one standard deviation). The analysis is applied to tﬁ@ure 3: The reglpnal reglme and the Atlantic ocean-atmosphere
active (passive) phases in the coupled AOGCM simW_—Ode: For a positive NAO-index the strong Icel(_;md Low (Azore
lation which are connected with sectoral (annular) telg!9") cools (warms) the ocean by latent and sensible heatslard
connections and named regional (hemispheric) reginféanemalous Ekman transport (panetasection). The equivalent-
All results are derived for warm minus cold ENSO con’ParOtrOp'C atmospheric response to a cold (warm) SST aryomal
posites. Note that in both phases the composites are (g@pel bxxz-section along the dashed line of the top panel) reinforces
eraged over six cases. To analyse whether the diﬁerem?elceland Low (Azores High). Poleward oceanic advectibthe
is statistically significant, we applied a standard studefg™ SST anomaly (panel ) reduces the strong Iceland Loue(pa
t-test to the data using the 90% significance level. Thg<section alone the dashed line of the top panel) after 5 to 10
analysis considers the winter season DJF (DecembeY§8's inducing sign reversal of the NAO-index.
February) only.

(storm track) is displayed in Fig. 2a, b, the cyclone den-
3 Regional and hemispheric regimes sity (cyclone track) in Fig. 2c, d, and the precipitation

anomalies in Fig. 2e, f. Again the ENSO influence in
To investigate the different impacts of phases governptases governed by the regional regime is weak in the
by regional versus hemispheric regimes on the cycloNerth Atlantic (Fig. 2a, c, €). The cyclone density shows
behaviour we first show the ENSO remote influence @rather spotty picture in the North Atlantic. Only south
sea level pressure (SLP, Fig. 1a, b). Comparing the loé-30°N the precipitation shows a response (Fig. 2e) and,
haviour of the regional with the one of the hemispheris an exception, an increase of cyclones and precipita-
regime, the significant influence in the North Atlantition near the Labrador sea. In the hemispheric regime
is restricted to approximately south of®0in the re- we find this strong southward shift of the Atlantic storm
gional regime whereas in the hemispheric regime a cleéeack (Fig. 2b) and a splitting at the end of the Atlantic
weakening of the Azores High is evident. Note alsstorm track with a positive anomaly over Scandinavia.
that a significant high pressure anomaly is present ovidre cyclone density (Fig. 2c) resembles the behaviour of
Scandinavia. This has implications for the cyclones atige storm track besides over Scandinavia where a signifi-
cyclone related variables. Therefore, the standard aent reduction of cyclones is found explaining the signif-
viation of the band-pass filtered 500 hPa geopotentiahnt anomalous high pressure in the SLP field (Fig. 1b).
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Figure 4: The hemispheric regime and the tropical ENSO mode: The wesh &omaly in the eastern tropical Pacific leads to an
intensified mean meridional mass streamfunction and anneeldaconvection; the subtropical jet is stronger and digglsequatorward.
The storm tracks in both basins are displaced equatorwamdgthening the Canada High and the Aleutian Low and wealgethie Iceland
Low and the Azores High. Thus, a warm ENSO event is connectedpositive PNA- and a negative NAO-index. For a La Nifia odcol
ENSO event, the patterns reverse sign, (+) denotes enhanesslire and-«) reduced pressure.

The precipitation behaves similar to the cyclone densitlye positive ocean-atmosphere feedback loop (Fig. 3b).
with a weak but significant increase north ofB0and a The northward advection of the anomalous warm SST
decrease over Scandinavia. favours a sign reversal of the NAO index weakening the
But there are also responses determined by EN&®land low pressure illustrated in Fig. 3c. As the North
which are present independent of the prevailing decadslantic storm track (Fig. 2a) and the cyclone density
regime: In the North Pacific the storm track composiigig. 2c) are not affected by ENSO, this shows that the
shows a southward shift with warm ENSO events (Fighechanism is not connected to ENSO related variability.
2a, b) as observed RENBERTH et al., 1998) and sim-  For the hemispheric regime, which is governed
ulated (RnIBLE and BLENDER, 2004). Anomalous high by ENSO and a NAO-spectrum dominated by the in-
cyclone densities (Fig. 2c, d) are found in the eastet@rannual time scale, the following hypothesis is pre-
North Pacific which are connected with above normaknted: The 500 hPa-geopotential in the Pacific is linked
precipitation in these regions (Fig. 2e, f). In the tropwith the southern center of NAO (Fig. 4). A warm
ical Atlantic a warm ENSO event is connected with ENSO event is associated with a positive PNA index.
weaker than normal Hadley cell resembling findings &f this case, the subtropical jet is anomalously strong
KLEIN et al. (1999), reduced precipitation in the tropand moves equatorward fRBLE et al., 2004) consis-
ics (outside the figure boundaries) and enhanced valtest with the Atlantic storm track (Fig. 2b) and the cy-
in the subtropics (Fig. 2e, f). Again, these findings aone density (Fig. 2d). The Azores High is weaker than
independent of the decadal regime indicating that therermal (Fig. 1b), the northern European precipitation
is an ENSO response in the Atlantic also in the regionial reduced by less cyclones while further south the cy-
regime, but this is restricted to the subtropical Atlanticlone occurrences and the precipitation are slightly in-
and not to the North Atlantic. creased (Fig. 2f). The stationary wave activity is en-
The response in the North Atlantic during thee hanced (RIBLE et al., 2004). The correlation between
gional regime is controlled by a localized oceanthe NAO and ENSO-index is highly negative (-0.6).
atmosphere mode proposed byiRLE et al. (2004). This concept is supported by observations showing very
Conceptually, the hypothesis is a positive feedback b&milar results for a warm ENSO event: anomalous high
tween atmosphere and ocean leading to high decaflalv) pressure and less (high) precipitation in north-
NAO variability (Fig. 3): During positive NAO phases,ern (central) Europe (AEDRICH and MULLER, 1992).
cold continental air and the southward Ekman transpdihe storm track in Fig. 2b is reduced over the Iberian
cool the SST (lukscH, 1996, or in Fig. 3a). The well peninsula and increased over Northern Europe during El
known tripole SST pattern is produced if, additionallyNifio events. Thus, the cyclone track appears to be a su-
the Azores High forces a warm upstream (cold dowperior indicator for the distribution of precipitation in
stream) SST anomaly. A cold (warm) SST anomaltye midlatitudes.
strengthens the Iceland Low (Azores High), shifts the In summary we find that during regional regimes
Atlantic storm track (VKLTER et al., 2001), and closeswith high decadal NAO variability, the connection of



752 Luksch et al.: Decadal cyclone variability in the North At Meteorol. Z., 14, 2005

North Atlantic and Atlantic cyclones with ENSO is disKlimasystem des Nordatlantiks”, and the National Cen-
tinctly reduced, in particular in Europe. Therefore, thige for Competence in Research (NCCR) Climate funded
analysis of the complete time interval, which includelsy the Swiss National Science Foundation is acknowl-
both regimes, leads to less clear conclusions and a higedged. We are grateful to Martina Junge and Frank
noise level. Lunkeit for helpful discussions, and to Ulrich Cubasch

and Stefanie Legutke for providing the data of the cou-
pled GCM simulation carried out from the Model Sup-

4 Conclusions port Department at thBeutsches Klimarechenzentrum.

To overcome the problem of non-stationarity in climate
correlations, two regimes with different temporal anfteferences
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