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Key points

1. Space-time spectral analysis: a tool to
analyze the complexity of Rossby waves at the
hemispheric scale.

2. Circumglobal Rossby wave patterns project
only on few wavenumbers and propagation
speeds: potential for diagnostics.

3. Insights: Enhanced meridional geopotential
gradient (waveguide) and eastward
propagation of transient Rossby wave packets

observed during CRWPs.
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Space-time spectral analysis

Problem:

Rossby waves span a big
range of amplitudes, shapes
and propagation speeds.

500-hPa geo. height (black, dam), wind (barbs, kt), standardized geo. height anomaly (shaded, sigma)
Initialized: 1200 UTC 24 May 2022 | Forecast hour: 24 | Valid: 1200 UTC 25 May 2022

How to get a
compact
representation
of this

complexity?
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Space-time spectral analysis

Approach:
space/time (2D)
Fourier analysis of
250hPa meridional
wind V
(ERA-Interim)

In space (latitude circle):
spectrum of
wavenumbers n

In time (tapered 61d
time window): spectrum
of frequencies w

(example: meridional wind at 250hPa in Autumn
1992, from Wirth et al. 2018). Hoevmoller plot.
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Space-time spectral analysis
Interpolation to phase
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Space-time spectral analysis
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Circumglobal Rossby wave patterns

EOF analysis during DJF: which wavenumber/phase speed
harmonics co-vary together?
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Circumglobal Rossby wave patterns

Composite PC1 events Regression onto PC1
(@) 250 hPa geopt. anomaly - EOF1 Enhanced
High PC1 EOF 1 .
(a)

. . -2d — 2d fesw 180  1esE 48 events 180 geOpOtentlal
Anomalies in s S see 16O e, 180 gradient —
RWP, < ~ - . waveguide
amplitude X tae 120W | O\ re0E

 1055
90E 90W : 90E
-  75£
_ 60E 60W = ‘;eoe
E=(E,.E,) = [% (ﬁ) —ﬁ] '
‘ " 45E t LV S
Anomalies in sow e - aw o
JBWT e SRR i S ——
zonal E-vector Regress. 250 hPa ;eopt. anomaly [m]

Std. Anomaly [c]r]

: I | .
RWP

41 -08 06 04 -02 0 02 04 06 08 1 -40 -32 -24 -16 -8 0 8 16 24 32 40

jacopo.riboldi@geo.uu.se 8



Circumglobal Rossby wave patterns

Composite PC2 events Regression onto PC2
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Conclusions

Circumglobal wave patterns emerge spontaneously from spectral
variability as projecting onto a small set of wavenumber/phase speed

harmonics.

Results suggest that such patterns are caused by circumglobal
propagation of transient RWPs with homogenous characteristics (at

least during DJF).

For more infos
and discussion mms|
of results:

Circumglobal Rossby wave patterns during &
boreal winter highlighted by space-time ( ‘
spectral analysis pe e
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Supplementary infos (1)

Event definition
* Top 15% of each PC, minimal duration 5 days
* Minimum separation between events 10 days

Diagnostics

* E vector (Hoskins et al. 1983)|e=(£..E,) = ll (ﬁ) | —u*e'*]

Proxy of the { (% ﬂ ‘m
group speed Lx; .
and \-)

ol G =
orientation of
the eddies. E-vector pointing E-vector pointing E-VGC’FOI‘ pointing
upward: equatorward ~ downward: poleward upward: equatorward
eddy momentum eddy momentum eddy momentum

fluxes jacopo.riboIdi@geo.uu.seﬂuxeS fluxes
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Supplementary infos (2)

Lagged regression can be employed to visualize evolution of waves involved 1n a
given pattern of variability. Here with EOF1:

(@ RWP amplitude std. anom. - EOF1
-5 days

Zimin et al. (2006)
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