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Abstract

A daily NAO-index statistics is presented, which depends &AO-pattern characterised by the first Empir-
ical Orthogonal Function (EOF) of monthly mean sea levespuee (ERA-40, December to February). The
pattern explains 40 % of the monthly variance. Projecticio olaily sea level pressure fields defines the daily
NAO-index time series (15 % of the daily variance), whos¢istias is analysed. The following results are
noted: (1) The seasonal mean power spectrum exhibits adiedalecorrelation time of about four days. (2)
The frequency distribution of the duration of NAO-eventdigate that negative NAO life cycles are, on av-
erage, fewer and longer than positive events. (3) A NAO»irgtatistics conditional on the seasonal intensity
of the stratospheric polar vortex yields that differencethie duration of negative and positive NAO events
are more pronounced during weak polar vortex regimes. Stipgther recent studies the results hint at (a)
differences in the processes underlying positive and ihegBiiAO events and (b) to a potential stratosphere
— troposphere interaction affecting the individual NA@Idycle.

Zusammenfassung

Eine Statistik eines taglichen NAO-Index wird vorgestdllie auf einem, aus der ersten Empirischen Or-
thogonalfunktion (EOF) der Winter-Monatsmittel (Dezembeis Februar) des reduzierten Bodendrucks aus
ERA-40 Daten ermittelten NAO-Muster beruht. Dieses Mustditért 40 % der monatlichen Varianz. Die
Projektion auf tagliche Bodendruckfelder definiert den Ni@ex (welcher 15 % der taglichen Varianz erk-
lart), der mit den folgenden Ergebnissen analysiert witiijas Leistungs-Spektrum ergibt eine Dekorrela-
tionszeit von vier Tagen. (2) Die Verteilung der Andauerdividueller NAO-Ereignisse zeigt, dass negative
NAO Lebenszyklen im Mittel seltener und langer sind als pasi (3) Eine Statistik in Abh&angigkeit von der
saisonalen Stérke des stratophéarischen Polar-Wirbeilst edgss die Unterschiede in der Andauer zwischen
positiven und negativen NAO-Ereignissen in Phasen eirfegarhen Wirbels ausgepragter sind. In Uberein-
stimmung mit anderen Arbeiten deuten die Ergebnisse hitealfnterschiede in den positiven und negativen
NAO-Ereignissen zugrunde liegenden Prozessen und (b)ireifdée individuellen NAO Lebenszyklen be-
einflussende Stratospharen-Tropospharen Wechselwirkung

1 Introduction (FRANZKE et al., 2000) or atmospherigave breaking
(BENEDICT et al., 2004) are two candidates which both
The North-Atlantic Oscillation (NAO) is a circulationrely on the interaction of the background flow, high fre-
pattern, which has been the subject of meteorologigfhency (synoptic) eddies and low frequency anomalies.
analysis long before teleconnections AM/ACE and The North Atlantic Oscillation is part of the global at-
GUTZLER, 1981) were introduced to objectively idenmospheric dynamics. The Arctic Oscillation as a global
tify and describe low frequency variability in the attropospheric circulation pattern is closely linked to the
mosphere. Though originally represented by monthiggional NAO pattern, which has been suggested to un-
or seasonal mean patterns, it is increasingly becodergo decadal variability (seeulkscH et al., 2005,
ing evident that its dynamics is associated with intrand references therein). Interrelations between NAO and
seasonal time scales. This has been supported by ob#es-ocean or the stratosphere on inter-annual and inter-
vational studies (DLE 1986; FELDSTEIN, 2000, 2003; decadal time scales have been analysed in many stud-
BENEDICT et al., 2004) and model resultsgEDSTEIN, ies (see e.g. WNNER et al., 2001 for a review). On
1998; RRIsIus et al., 1998; RANzZKE et al.,, 2000, the other hand, the link between individual NAO life
2001; see RAEDRICH et al., 2005). However, the driv-cycles on daily time scales and their embedding into
ing processes of growth and decay of teleconnectiotie global atmospheric circulation including the strength
on those short time scales are not completely undef-the stratopheric polar vortex is unresolved to a large
stood. Barotropic mechanisms likgpatial resonance extent. Upward wave propagation, and geostrophic and
. _ ) _ hydrostatic adjustment are candidates for the coupling
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HoskINS (2002). This may lead to some predictivéor of the data: The NAO index (coefficient) is con-
skill (BALDWIN and DUNKERTON, 2001). The basic structed as a daily univariate time series by projection
mechanism of interaction mainly revolves around the rento the respective surface pressure EOF pattern taken
sults of GHARNEY and DRAzIN (1961). In their work it from monthly mean sea level pressure fields; likewise,
has been shown how tropospheric stationary planetaing state of the stratospheric polar vortex is charactérise
waves can penetrate into the stratosphere and thetgjran index time series of winter means, which is analo-
be absorbed leading to wave-mean flow interaction. Bgusly obtained by projection onto the respective strato-
other interactions may play a role, too. Among these aspheric EOF pattern. For the daily NAO index time se-
the baroclinic adjustment processes and the more fuies conditional and unconditional (depending on the
damental paradigm of the relationship between the psiate of the stratospheric polar vortex) probability den-
lar front jet and the subtropical jet and the tropopaussty distributions are examined. This is supplemented
These dynamical issues — not discussed in this papdry-a conditional and unconditional statistics of positive
set the theme for the subsequent statistical analysisaofd negative NAO event durations. They are defined by
a reliable global and consistent high resolution data stiteshold exceedances of the NAO index. Thus a com-
This statistical background (or climatology) is prerequposite statistics is obtained for the length (or duratidn) o
site for further dynamical and idealised modelling ana positive or negative NAO life-cycle depending on two
yses. states of the seasonal stratospheric polar vortex inten-
Analysing NAO-dynamics requires an explanatiority also prescribed by threshold exceedances. Results
of the processes that lead to its basic feature, namahg compared with the behavior of a first order autore-
the month to month fluctuations of the Iceland-low angressive process obtained from the power spectrum, and
Azores-high see-saw pattern. Therefore, we shall upeometric distributions derived from transition probabil
this monthly mean pattern. The projection of the dailyies (Markov model, ©x and MILLER, 1965).
sea level pressure field onto the spatial pattern of the
leading Empirical Orthogonal Function (EOF) obtaine
from the monthly mean data then gives a daily fluctuat-
ing NAO-index defining the individual NAQ life cycles,
mgojzit:?ﬁjnrﬁz&vgéfgfZr;laallysed. Sec_tlon 2 descrlbT}rfaditionally, NAO-dynamics is characterised by a
ysis, section 3 presents the 7o A .
. o oo - onth to month variability which is reflected in the
space and time variability of indices characterizing NAG!
. : onthly mean strengths of the Iceland-low and Azores-
and its dependency on the stratospheric polar vortex. %Qle

conclude with a brief summary and outlook (section 4 _gh. This .monthly mean spatial pattern is the b_aS|s of
ur analysis. However, here we focus on the daily fluc-

tuating NAO-index, which is measured by the projection
2 Data and methodology of the daily sea level pressure field onto the variability
_ _pattern (first EOF) of the monthly means. The strato-
From the ECMWF re-analysis (ERA-40) data set dailyyheric boundary condition enters as a seasonal mean
sea level pressure fields are analysed to characterised3ge of stratospheric polar vortex intensity which enters
variability in thg North AtIantic/Europegn sector (fromys 5 conditional sampling (compositing) parameter sep-
80°W to 30°E) in the 20N to 80'N latitude belt; 45 grating NAO events (or life cycles) influenced by a weak
winter seasons (December to February) from Decembg@rsirong polar vortex regime. We present the time vari-
1957 to February 2002 are represented by daily averaggglity of the daily NAO-index (subsection 3.1), intro-
data (mean of 00:00, 06:00, 12:00 and 18:00 UTC). Hjce the stratospheric polar vortex and present the com-
addition, the stratospheric polar vortex is included in th§ined statistics (subsection 3.2). Finally, subsectiéh 3.

analysis as an (upper) boundary condition, to evaluatejfigestigates the robustness of the results to modifications
potential influence on the intra-seasonal NAO variabisf parameters entering the analysis.

ity. In this sense the stratospheric polar vortex serves as

aboundary condition, which is assumed to vary predory:-1 - The daily North Atlantic Oscillation

inantly on longer (i.e. inter-annual) timescales. There-

fore, seasonal means of the circumpolar 50 hPa geoptie first EOF of the monthly mean sea level pressure

tential height fields from 30N to 90°N are used to es- fields (DJF) shows the well known NAO pattern which

timate the state of stratospheric polar vortex. To charaxplains about 40 % of the total monthly mean variance

terise both the North Atlantic Oscillation and the stratdFigure 1a). Projection onto the daily sea level pressure

spheric polar vortex by their dominant modes, the ananomalies (with respect to the climatological monthly

ysis is confined to the first EOF. means) yields the temporal variability of the NAO (EOF-
Standard techniques (see epN STORCH and 1) pattern on a daily basis (Figure 1b): The NAO index

ZWIERS, 1999) are used to analyse the time behafer coefficient) for the daily data (after subtracting the

Space and time variability: NAO and
stratospheric polar vortex
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Table 1: Duration [d] and number of identified events [#] for the stamticase (as described in sections 3.1 and 3.2) and thragwsgns
tests: changing the threshold (quantile) for the NAO-eveat removing the seasonal means, and selecting monthiydsefinstead of
seasonal) of strong or weak stratospheric polar vortexmegi

quantile d # | # |10 # [ #]@ #|[ #
vortex regime: all strong vortex weak vortex
NAO-phase: + - + — + -
standard case: 159% (=10) | 3,3 181 4,5 126 3,2 70 3,8 44| 3,3 58 5,0 41

30.9 % (=0.50)
threshold sensitivity: 4,9 231 5,5 195 51 77 51 66| 4,8 84| 6,0 66

6.7% (=1.50) | 2,6 96| 3,4 73 2,8 32 4,0 21 2,0 30/ 3,3 24
no seas. means removed: [15.9% (=10) | 3,7 158 6,2 94| 5,3 61 52 21 21 39 7,6 38
monthly vortex regimes: 15.9 % (=1 0) | seestandardcase | 3,3 72 3,5 44| 2,7 41] 4,9 38

seasonal means) explains about 15 % of the total vdiés provide a normalized anomaly time series. Figure
ance. 2a shows the relative frequency distribution and the re-
This methodology enables us to construct lated theoretical Gaussian distribution with zero mean
daily EOF-index in a relatively straightforwardand unit standard deviation. The Kolmogorov-Smirnov
way. A more sophisticated analysis by rotatest (e.g. von SORCH and ZwvIERS, 1999) reveals no
EOFs does not lead to qualitatively different resignificant deviations (on confidence levels higher than
sults as a comparison with the loading patter& %) from the Gaussian distribution.
of the NOAA Climate Prediction Center shows Inspection of the anomaly time series indicates dis-
(www.cpc.ncep.noaa.gov/data/teledoc/nao_map.shtntipct NAO life cycles which persist for several days. Pos-
On the other hand, the simpler (and classical) methoditife NAO life cycles are associated with the strengthen-
computing a NAO index from station data (e.g. Icelanidg of the Icelandic low - Azores high pressure differ-
and Azores) may not reflect the spatial structure ehce. The duration of positive (negative) NAO life cycles
NAO sufficiently well. Note also that the correlationis determined from the anomaly time series by counting
between the projection coefficients and a daily NA@e number of consecutive days above (below) a given
index computed from sea level pressure data of th@eshold. The threshold for positive (negative) events is
Azores and Iceland is high (0.87). computed as the smallest (largest) value of the 15.9 %-
The coefficients for daily data, monthly meanguantile of extreme events. This corresponds to one stan-
and seasonal averages characterise inter-decadal, irdare deviation in a Gaussian distribution. The choice of
annual and intra-seasonal fluctuations, which are alswesholds ensures that an identical number of days for
reflected by the power-spectrum (Figure 1c). The intrpesitive and negative events are considered. It turns out
seasonal part of the spectrum results from averaging that this threshold for the negative events is about 2 %
spectra of the daily data of each winter computed d&rger than the threshold for positive events, that is, on
ter removing the inter-annual variability and the lineaaverage negative NAO life cycles obtain slightly larger
seasonal trend. This part reflects Northern Hemisphemaplitudes. In total 4050 days enter the statistics. From
winter variability with time scales up to three monthghese 126 negative and 181 positive NAQ life cycles are
The spectrum of a theoretical first order autoregressisletected (see Table 1, standard case). The following re-
(AR1) process is fitted using the intra-seasonal part silts are noted:
the NAO spectrum (thin line in figure 1c¢). This 'spectral The relative frequency distributions of the durations
fitt AR(1) has a time scale (e-folding decorrelation timejFigure 3a) indicate that negative NAO life cycles are in
of about four days. An estimate of the decorrelation timgeneral longer. While 37 % of all negative events last
from the autocorrelation function yields the same valulnger than four days, this is only true for about 19 %
For completeness and comparison with other studiefsthe positive cases. This is also reflected in the aver-
the inter-annual part of the spectrum based on the saged duration of about 4.5 and 3.3 days for negative and
sonal averages is also included, capturing periods stansitive events, respectively.
ing from two years on. This part is added to the spec- The three states of the daily NAO anomaly time se-
trum (e.g. FELDSTEIN, 2000); the rest of the paper igies (positive and negative events surrounding the cen-
concerned with the intra-seasonal time scale only.  tral state) can be used to analyse day-to-day transition
Since this study focuses on the characteristics probabilities (Markov chain, 6Gx and MILLER, 1965).
intra-seasonal time scales, the respective seasonal Frem a positive (central, negative) to a consecutive pos-
erages need to be subtracted. The remaining anoritige (central, negative) event the persistence tramsitio
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Figure 1: NAO-index: a) Pattern of the first EOF of monthly mean 5L 7
Northern Hemisphere winter (DJF) sea level pressure (hifig).

The pattern is scaled to normalize the projection-coefitsief daily -4 -3 -2 -1 0 1 2 3 4
data (see b) onto this pattern. b) Daily NAO index for DJF (@wae NAQ [l

ber 1957 to February 2002) defined by the projection-coefisi of Figure 2: Relative frequency distribution of normalized daily NAO
daily sea level pressure fields onto pattern (a) (solid ltngpther a@nomalies, i.e. deviations from the respective seasonedages
with its monthly (filled boxes) and seasonal averages (bimoles). (POxes), and the theoretical Gaussian distribution (dolie) a) for
c) Power spectrum for the NAO index displayed in (b) (thigie) all data, b) during seasons with strong polar vortex, anduchd
and for the ‘spectral fit’ AR(L) process (thin line). Values periods S€asons with weak polar vortex.

between three months and two years are not included bechese t

use of DJF data only inhibits their computation. . ) .
In comparison to the ‘spectral fit AR(1) process

(with a decorrelation time scale of four days) the dis-
probabilities are p = 0.70 (= 0.88, 0.78). As day-to-dayibutions for negative and positive NAO events are both
transits affect only neighboring states only the centrshifted to longer durations. This is also reflected by the
state can transit to positivep= 0.07) and to negative averaged duration for the AR(1) which amounts to about
(pen = 0.05) NAO events. This leads to a geometric di®2.5 days. The results indicate that an AR(1) process is
tribution, pr1(1-p), of the event or life cycle duration;not an adequate model for NAO (on the intra-seasonal
the expected durations, 1/(1-p), under the geometric digne scale) although the spectrum may suggest it.
tribution coincide with the direct estimates given above. In summary: On average, negative NAO life cycles
The distributions are included in Figure 3a. appear to be fewer and longer than positive NAO events.
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0.4

\ the individual NAO life cycles. One possible parameter
03 \\ (a) all 1 controlling NAOQ life cycles is the strength of the strato-
spheric polar vortex, which is determined from the ERA-
40 dataset by an EOF-analyses of Northern Hemisphere
winter mean (DJF) 50 hPa geopotential height north of
- 30°N. Figure 4 displays the pattern and the time series
(PC) of the first EOF which accounts for about 60 % of
the total variance. To analyse the characteristics of the
j daily NAO time series depending on the stratospheric
031 1 polar vortex strength, winters with strong and weak po-
04 i ‘ ‘ ‘ ‘ lar vortex are selected from the PC time series. Strong
0 S 10 " 2 % (weak) polar vortex regimes are defined by PC values
event duation higher (lower) than 0.5 (-0.5) standard deviations which
results in 15 winters (1350 days) with strong and 15 win-
03 ¢ (b) strong polar vortex |  ters with weak stratospheric polar vortex (Figure 4b).

1 Relative frequency distributions of the daily NAO-
index conditioned by weak and strong polar vortex
regimes indicate substantial differences (Figure 2b and
2c). According to a Kolmogorov-Smirnov test the dis-
tribution for the weak polar vortex regime (Figure 2c)
differs significantly (on the 99 % confidence level) from
Gaussian while no significant differences (on a confi-
dence level higher than 50 %) can be found for strong

: : : : vortex seasons (Figure 2b). It appears that during the
0 5 10 15 20 25 . .
event duration [d] weak vortex regime more weak (up to one standard devi-
0.4 ation) positive and more strong (exceeding one standard
deviation) negative anomalies of the NAO-Index can be
(c) weak polar vortex | expected.

] Conditional relative frequency distributions of NAO
life cycle durations (above/below plus/minus the thresh-
olds determined in section 3.1) for strong and weak vor-
tex regimes are computed (Figures 3b and 3c) pointing
to possible links between the vortex and NAO life cy-
cle characteristics. For the strong vortex case 70 positive
and 44 negative events are identified. For weak vortex
regimes the numbers are 58 for positive and 41 for neg-
0 5 10 e P » ative NAO life cycles. These numbers, roughly a third

event duration [d] of the unconditional case (see section 3.1), meet the ex-
Figure 3: Relative frequency distribution of durations above/beIO\_pe,Ctatlon’ _If itis ConSIdereq that one third ,Of the seasons
the 15.9 %-quantile threshold for positive (filled boxes) aegative ISIn a_l particular vortex reglmg. However, _It, appears that
(open boxes) NAO events for a) all data, b) strong polar \xorté,he difference between dur_atlons of positive and nega-
cases, and c) weak polar vortex cases. The dot-dashed cuaje it'Ve events (already “‘?ted in the uncond|t|onal_case) IS
gives the distribution for the ‘spectral fit' AR(1) procesie solid more pronqunced durlng the weak VO'_’teX regime: the
curves give the geometric distribution derived from thesistence me_an durg_tlon_for negative NAO events is about 5.0 days
transition probabilities, while positive life cycles last only for about 3.3 days on
average. For the strong vortex case, the averaged dura-
tions for positive events is similar to the weak case (3.2
3.2 Influence of the stratospheric polar Idays) but the mean negative event is only about 3.8 days
vortex ong.
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As pointed out by BRLWITZ and RAF (1995) a sig- 3.3 Robustness of the results
nificant correlation between NAO and the polar vortex

strength can be found on inter-annual time scalesg: A The general findings of this study do not depend on
BAUM and HoskINS (2002) provide potential mecha-slight modifications in applying the analyses. This is
nisms for polar vortex — NAO coupling which may affecevaluated by testing the results for sensitivities to () th
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L : e durations and their mean values. The asymmetry
60% - T e (a) between positive and negative NAO life cycles ap-

S : ST~ pears to be a robust feature, as well as the change
of the asymmetry between strong and weak vortex
regimes (Tabel 1, row 7).

b) Threshold for definition of NAO life cycles: For
thresholds smaller or larger than one standard de-
viation (e.g. 0.5 and 1.5 standard deviations) the
results do not change qualitatively, though num-
bers of identified life cycles and averaged dura-
tions are different (Table 1, row 5 and 6).

c) Definition of polar vortex regimes by seasonal
or monthly means: Alternatively, the polar vortex
regimes are defined by using monthly instead of
seasonal anomalies of 50 hPa geopotential height
fields. For both datasets the first EOF is associ-
ated with almost the same pattern (not shown, see
Figure 4 for seasonal means). For monthly mean
data the explained variance is slightly reduced to

54 % (60 % for the seasonal mean). Partitioning

the NAO life cycles into strong and weak polar
| | | || ‘ vortex cases using monthly means leads to qual-

| itatively identical results except for a slight de-
| | | || | crease of the positive event duration in the weak

vortex regime (Table 1, row 8).
2 ‘ 4 Summary and outlook
60/61 65/66 70/71 75/76 80/81 85/86 90/91 95/96 00/01
year

-

Polar vortex index (normalized to o)
L o

The analysis of the daily NAO-index is analysed

Figure 4: Stratospheric polar vortex regimes: a) Pattern of the first
EOF of seasonal mean Northern Hemisphere winter (DJF) 50 h sed on ERA-40 sea level pressure for 45 North-

geopotential height anomalies (unit: gpm). The patterrcédesl to em Hemisphere winters (DJF). Its statistics is deter-

. o o L mined from daily fluctuations of a NAO-pattern de-
normalize the projection-coefficients (principal compatsesee b). . . - .
. o . . rived from monthly mean data. Potential relationships
b) Normalized principal component (PC) time series.

between regimes of strong and weak stratospheric po-

lar vortex and the characteristics of individual NAO life

subtraction of seasonal means and trends, (b) the thregfeles are analysed by means of conditional NAO statis-

old for the definition of NAO life cycles, and (c) the deftics.

inition of polar vortex regimes by seasonal or monthly The high fraction of daily variance explained by the

means. The results are summarized in Table 1. NAO-pattern together with a decorrelation time of about

four days underlines the importance of intra-seasonal
a) Subtraction of seasonal means and trends: If sélactuations, or NAO life cycles, for a thorough under-

sonal means and trends are not subtracted fratanding of NAO-related variability on all time scales.
the individual winter seasons, a decorrelation timEhe analyses indicate that, on average, negative NAO
of 8 days is obtained (4 days otherwise), frotife cycles are fewer and longer than positive NAO
the ‘spectral fit' AR1 process to the intra-seasonalents. Although small, these disparities hint at differ-
part of the spectrum as well as from the autocorrences in the underlying processes of positive and neg-
lation function. Both time scales can be attributedtive events. The results are consistent with the obser-
to atmospheric high-frequency variability (perivation showing that (persistent) North Atlantic block-
ods less than 10 days)EEDSTEIN (2000) anal- ing situations are more frequent during negative NAO
ysed daily NAO variability of 300 hPa geopotenphases (8ABBAR et al., 2001) while positive NAO
tial height and found a time scale of 9.5 days. Thevents are associated with the more variable synoptic ac-
subtraction of seasonal means does not have a gty in the unblocked zonal flow. Mechanisms like tro-
jor effect on the distributions of the NAOQ life cyclepospheric wave breaking, wave —wave, or wave — mean
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flow interactions may account for the observed asymmeex, D.R., H.D. MILLER, 1965: The theory of stochastic
tries. processes. — Chapman and Hall, London, 398 pp.

The conditional statistics show that the differencd®0LE, R. M., 1986: Persistent anomalies of the extratropical
in duration are more pronounced in the weak polar Vor_Northern Hemisphere wintertime circulation: Structure. —
tex case. In particular, negative NAO events last longeMon- Wea. Rev114, 178f207'
during weak vortex regimes while the average durg-ErLeDSTeEn”g" ;fﬁoﬁ{értggﬁggﬁ;,amw;h ﬂmode%y f{;o""'
tion of positive events does not change. This agree Zgu Y es Y S. 30, 4o
W'th the ob_ser\:jatlo_nh that Sukddeln stratospherlg Warm: 5000: Teleconnections and ENSO: The Timescale, Power
ings (associated with a weak polar vortex) tend t0 0C-gpecira, and Climate Noise Properties. — J. Clini&e
cur concurrently with blocking events (®REwS et 4430.
al., 1987, QUIROZ, 1986). The results point to @ pos=_  2003: The Dynamics of NAO Teleconnection Pattern
sible stratosphere-troposphere interaction affectirey th Growth and Decay. — Quart. J. Roy. Meteor. Si29, 901—
individual NAQ life cycles. Upward propagating waves, 924.
downward propagating stratospheric anomalies andERAEDRICH, K., E. KIRK, U. LUKSCH, F. LUNKEIT, 2005:
geostrophic and hydrostatic adjustment processes as dighe portable university model of the atmosphere (PUMA):
cussed by @ARNEY and DRAZIN (1961); BALDWIN Storm track dynamics and low-frequency variability. — Me-
and DUNKERTON (2001) or AMBAUM and Hoskins —_ t€orol- Z.14,735-745.

(2002) provide physical explanations for stratospherBRANZKE, C., K. FRAEDRICH, F. LUNKEIT, 2000: Low fre-
troposphere coupling. quency variability in a simplified atmospheric global cir-

culation model: Storm track induced ‘spatial resonance’. —
Although the present study does not concern dynamQuart_ J. Roy. Meteor. Sot26, 2691—27%8.

ical issues, it sets the statistical background for fur- "__ 5401 Teleconnections and low frequency vari-
ther studies. Both, the identification of the underlying apility in idealized experiments with two storm tracks. —
physics of the individual NAO life cycle and the analy- Quart. J. Roy. Meteor. Sot27, 1321-1339.

sis of processes controlling the stratosphere-troposphegisius, T., F. LUNKEIT, K. FRAEDRICH, |. A. JAMES,
interaction will be the focus of future work using data as 1998: Storm-track organization and variability in a sim-

well as idealized model simulations. plified atmospheric global circulation model (SGCM). —
Quart. J. Roy. Meteor. Sott24, 1019-1043.
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