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Rossby wave propagation into the stratosphere: The role of zonal phase speed
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Introduction Wave propagation in 2D x 28ttt Case study: The SSW event on 24 January 2009
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Upward propagating planetary-scale Rossby waves are the dominant In a 2D wave propagation model (Harnik, %; 2 1 veve? The 2009 SSW event was LI
cause of day-to-day variability in the extratropical winter stratosphere. 2001; Harnik & Lindzen, 2001), an increase in §_“z’ the strongest split event on =
Anomalous wave forcing can lead to strong disruptions of the upward propagation is observed for %% 57 i record in terms of the &%
stratospheric flow, so-called Sudden Stratospheric Warming (SSW) eastward phase speeds and a decrease for é’f; wave-d observed heat flux 2
events, which in turn affect tropospheric variability [e.g. Baldwin and westward phase speeds (Fig. 2). The effect <& ' [Ayarzagiiena et al., 2011]. * | e £
Dunkerton, 2001] and predictability [e.g. Domeisen et al., 2015; is considerably stronger for wave-2: A ‘é’vg The eastward acceleration ZZ: ‘ 1 ; : S B el s,
Karpechko et al., 2017]. While theory predicts that the zonal phase phase speed of 5 m/s yields an increase in the %%0'57 i of the wave may have R VRN vy
speed of a tropospheric wave forcing affects wave propagation into the upward EP flux for wave-2 by more than 50% o Westward  eastward increased propagation for .
stratosphere, its relevance for SSW events has so far not been with respect to ¢ = 0. 8 6 4 2 o 2 4 & 8 wave-2 ahead of the | wawe2
considered. phase speed ¢ [m/s] event, contributing to the = | o
Figure 2. The relative change in the vertical EP flux component at 100hPa, as computed from the wave record heat flux injection s ol siants
Theory (1 D) and Observations diagnostic, for a finite phase speed of the forcing relative to a stationary forcing (¢ = 0). into the stratosphere. The é -l g
There exists a limited range of zonal background wind speed u, for W ti in 3D 01 Eg;:gﬁff‘mvg‘.“%ﬁ"g""e)"'“ tehndency to(\;varFis Str)néfl”er = *'Mz s
which upward propagation of waves is possible [Charney & Drazin, ave propagation in - e ’?h ase speeds just before ey ey’ R
o . . . . ¢ e event is reminiscent of
1961] . This is also observed in the real atmosphere (Fig. 1). The The above results lead to the notion that during g resonance behavior Fi _ .
L . . ’ . - . igure 4. Daily zonal phase speed [m/s] vs wave amplitude
majority of the planetary-scale waves are stationary in the troposphere. periods of strong upward wave propagation, e.g. § loprm] for Nov - Mar 1958-2013 (gray) and for days -20 to 5
According to theory, waves with an eastward phase speed c are able to before SSW events, waves with eastward phase = . bgpf the 2009 SSW (o gt 1VOOhP y
propagate into stronger winds. Indeed, the spectral density maximum speed may dominate, as they are more likely to & Conclusion efore the event (red) a a
moves towards eastward phase speeds for all wave numbers for propagate into the stratosphere. Indeed, ahead of g ) o )
the stronger winds of the stratosphere, while the long tail for wave-1 split SSW events, phase speed in the lower 3 o /mamanoe 0" * Upward wave flux increases with increasing eastward phase speed, and
towards westward phase speeds persists with height. stratosphere (100hPa) increases significantly N decreases with increasing westward phase speed of the forC|_ng. The effect is
S T S S R for both wave numbers (Fig. 3), consistent with § o stronger for wave-2 compared to wave-1 for the Northern Hemisphere.
7 (@F0nre Fo7o ©ronne - the dominant precursor role that wave-1 often 0% + Split SSW events tend to be preceded by anomalously eastward zonal
6 ' ' plays ahead of split events in preconditioning the . phase speeds. Zonal phase speed may indeed explain part of the increased
5 mean flow [Bancala et al., 2012; Watt-Meyer & o “ wave flux observed during the preconditioning of SSW events, as e.g. for the
4 Kushner, 2015b]. Ahead of displacement events, record 2009 SSW event.
3 strong eastward phase speeds of wave-2 occur oy | mocan SOW (daye 1910:6) = 167 .
5 much less frequently, as expected, while wave-1 KStest: o8% . The_eff_ects obsgrved for the 2009 SSW event may be linked to resonant wave
does not exhibit a significant phase speed signal. s excitation [Geisler, 1974; Tung & Lindzen, 1979b,a; I_Dlumb, 1981; Esler &
For wave-1, changes in wave amplitude play a g Scott, 2005; Esiler & Matthewman, 2011]. Tr_\e exceptional eastward phqse
2 o 6 8 o0 s 6 o 1 2 5 5 5 0 5 6 s much more important role. speed and amplitude of wave-2 may have facilitated upward wave propagation
Westward moving | Phase speed (m/s) | Eastward moving Westward moving | Phase speed (m/s) | Eastward moving E 0.20 before the eVent, thereby nUdglng the Stratosphere toWardS resonance
—— —— — —— E [Matthewman & Esler, 2011; Albers & Birner, 2014]. The decreasing phase
Pl s ot s e BT aRee T e e et e e e m _ . & s o speed shortly before the event is suggestive of resonant behavior, possibly
Figure 1. Hayashi spectra (density power of geopotential height) for the observed range of g;%/:rig-tshgsse?greeeg [Sms/\j\]l Zt/;g?r(];z;;);ggllf}{):z:ie;;?/i e caused by .an.aSSir.n”ation in pha_se speed between a str—:ztionary wave and a
phase sp.eeds [m/s] (relative to the ground) vs zonal wave number k averaged over 30-75N. Mar climatology (black) from JRA re-analysis data g o free mode, in line with the mechanism for resonant self-tuning [Plumb, 1981].
Units are m2/Ac, where Ac=0.33m/s is the phase speed interval. (si;ronb;gasf')(ioelrtnzg,oi())\lfé)r.nisrir?g\jficetlg;tdiff;arr:nc;sdifcr:gda. tW:|-| § o . Zonal phase speed of a wave has to be considered along with the
distributions are normalized. L[] duration and amplitude of a wave forcing when evaluating precursors to
%% a5 w0 s o 5 10 15 stratospheric variability.
For more detailed information: Domeisen, D. I. V., Martius, O., & Jiménez-Esteve, B. (2018). zonal phase speed [mis]
References Rossby Wave Propagation into the Northern Hemisphere Stratosphere: The Role of Zonal Phase Speed. Geophysical Research Letters. http://doi.org/10.1002/2017GL076886

Albers & Birner (2014), JAS, 71, 4028-4054. Ayarzagiiena, Langematz & Serrano (2011), JGR, 116, D18,114. Baldwin & Dunkerton (2001), Science, 294, 581-584. Bancala, Kruger & Giorgetta (2012), JGR, 117, D04,101. Charney & Drazin (1961), JGR., 66(1). Domeisen & Plumb (2012), GRL, 39, L20,817.
Domeisen, Butler, Fréhlich, Bittner, Miller & Baehr (2015), J. Clim., 28(1), 256—271. Domeisen, Martius & Jiménez-Esteve (2018).GRL. Esler & Matthewman (2011), JAS, 68, 2505-2523. Esler & Scott (2005), JAS, 62, 3661— 3682. Geisler (1974), JGR, 79(33), 4989-4999. Harnik (2001), PAGEOPH, 59, 202—- 217.
Harnik & Lindzen (2001), JAS, 68, 2872— 2894. Hayashi (1979), JAS, 36, 1017-1029. Karpechko & Hitchcock & Peters & Schneidereit (2017), QJRMS., 104, 30,937. Kobayashi et al. (2015), J. Met. Soc. Japan, 93(1), 5-48, Matthewman & Esler (2011), JAS, 68, 2481-2504. Plumb (1981), JAS, 38(11), 2514-2531.
Sjoberg & Birner (2012), JAS, 69(11), 3420-3432. Smith (1989), JAS, 46(19), 3038-3054. Tung & Lindzen (1979a), MWR, 107(6), 735-750. Tung & Lindzen (1979b), MWR, 107(6), 714—734. Watt-Meyer & Kushner (2015b), J. Clim., 28(24), 9941-9954.



