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<&/ Non-zonal circulations
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2 Observed features

Two basic approaches to diagnosing storm
tracks:

The traditional one: track the position of individual weather
systems, produce statistics for their distributions, e.g. track
densities, storm life span...

The bandpass filtering approach (in synoptic time scales):
estimate the statistics at a set grid points in analyzed
fields, which can provide a 3-d picture of storm tracks.
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Observed features

Atlantic gc
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FIG. 1. A figure from an 1888 geography text showing storm frequency distribution as viewed in the mid-nineteenth century. The stipling
denotes high storm frequency, while the arrows indicate individual storms. Reproduced from Hinman (1888).
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Two storm track zones in N.H.

Fig. 7.9. The tracks of low pressure centres over the North Atlantic for the period
December 1985 to February 1986. The shading indicates the region where the high

frequency ﬁl/z exceeded 90 m in the ECMWF analyses for the same period.
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The storm zones occur in
association with the jet
streams;

The storm zones are most
intense near the longitude of
the jet exits.

RIRZUM: o5KiF

8



GON
Temperature distribution from NCEP/NCAR data
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Using ECMWF, MSLP,
from Hoskins and Hodges, 2002
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Observed features
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[ig. 2. Left: the Cady growth rate, oy:, at 500 hPa in units of I/days. Right: The average eddy kinetic energy at 250hPa in
units of (m/3)>. Both arc for the Northern Hemisphere winter (DJF), computed from the NCEP/NCAR rc-analysis. The
maxima in CKL are downstream of the maxima in growth rate. and the Pacific storm track does not fully decay before the
beginning of the Atlantic storm track. The prime meridian (Greenwich) is at 6 O’clock.

from Vallis and Gerber, 2008
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Observed features

eddy heat flux

eddy momentum flux

(a)

Fig. 3. Left: the eddy momentum fluxes at 250 hFPa (mvs)’. Right: the eddy heat fluxes at 500 hPa (mK/s), for the Northern
Hemisphere winter (DJF). Both sets of data are band-pass Altered, allowing variability from 2 to 10 days, from the
NCEP/NCAR re-analysis. Red vilues are large. blue values weak or neagalive.

from Vallis and Gerber, 2008
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.2/ Observed features

Ubar 300hpa NH unit:m/s Ubar 850hpa NH unit:m/s

From Dai Ying, 2011
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Observed features
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Observed features
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FI1G. 1. Midwinter suppression of the Pacific storm track, shown as the variance in geo-
potential height at 300 hPa: (a) Pacific domain (20°~70°N, 140°E-180°) and (b) Atlantic domain
(20°=70°N, 30°=70°W). The contour interval is 1500 m? starting at 2000 m?. This is an update of
Fig.2 in Nakamura (1992) for the ERA-40 dataset between 1958 and 2001. The data are 2—6 day
bandpass filtered using a fourth-order Butterworth filter to obtain daily climatologies. Results
are smoothed with a 31-day running mean filter and plotted every five days. Large tick marks on
the abscissa correspond to the first day of each month.

- Seasonal variation

Most intense in the
transition seasons, MAM
and SON, weaker in
DJF (mid-winter
minimum), whose
variation is not
consistent with the mean
flow baroclinicity.

Strongest in DJF and
least pronounced in JJA,
with the actual position
varies little
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Observed features
- Seasonal variation
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- Seasonal variation

Different seasonalities
between the Pacific
and Atlantic storm
tracks.

from Penny et al, JC, 2010
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17| Observed features

o - Inter-annual variation
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The Pacific storm track shifts equatorward and
downstream during El Nino years, which is
considered in response to the local enhancement
of the Hadley Cell.

from Ch , JC, 2002 =5 ;
rom Chang et al, JC, 200 RiRZUM: skiF 19



- Decadal variation

o) DJF 61782 — 70/71

¢) Difference

Stronger storm tracks during 1990s in both storm
tracks, which shows significant interdecadal
variabilities.

from Chang et al, JC, 2002 IZEHIE: 3k3¥ 20



Observed features

Summary:

Structure: zonally located in the north Pacific and north Atlantic, with
the mean flow baroclinicity, jet, eddy activity, eddy heat and momentum
flux in different zonal distribution.

Seasonal variation: different variations between the Pacific and

Atlantic storm tracks; for the Pacific storm zone, mid-winter minimum
observed.

Inter-annual variation: Pacific storm track shifts equatorward and
downstream during El Nino years.

Decadal variation: variations in intensity occur in both storm zones,
with the storm tracks in the 1990s stronger than in the 1960s.

RiRZUM: oKiF 21



Outline

= Observed features
= from two basic approaches
= seasonal variation
= nter-annual, decadal variations

= Storm track dynamics

= Baroclinic eddy life cycle

= Transient eddy energy budget

= Summary and discussion
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Ta]| Storm track dynamics
N - from the baroclinic eddy life cycle

Eddies’ development
with idealized GCM:

Small amplitude -
perturbations

perturbations

(Thorncroft et al, 1993, Q.J.R.)



Storm track dynamics
- from the baroclinic eddy life cycle

0Py
ot
< Pgr, Pv >
ch[v*T*]aa[Z;]
0Pg
at < Pg,Kg >
W] Numerical results from
= Simmons and Hoskins,
1978, JAS

Baroclinic eddy life cycle in time:

Relatively small - 7 Finite amplitude Barotropic
vely -—’ Baroclinic growth -—’ perturbation .._’ decay

amplitude pert.
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Numerical simulation
from Orlanski
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Storm track dynamics
- from the baroclinic eddy life cycle

Baroclinic eddy life cycle in time:

Relatively small - Finite amplitude Barotropic
y -—-) Baroclinic growth ——-) perturbation .-.) decay

amplitude pert.

Storm track structure can heuristically equate with an eddy life cycle in space:

Upstream end: develop in space and time Downstream end:
perturbations are \ decay stage of the
introduced and \ . eddy life cycle.

begindevelop.™~_ v, . . = (exit region)

(entrance region )
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Storm track dynamics
- Transient eddy energy budget
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For storm tracks, define a total transient eddy energy: -
1 Cp. — 1 o 0’2
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Storm track dynamics
- Transient eddy energy budget

For storm tracks, define a total transient eddy energy:

E = Krg + Prg = 1(’u/2 + v'?) 4+ C—pF(T/Q) — l(u’Q F02) — am 07
20,,, 065 /0p

2 2 2

Transient eddy energy budget:

oF m V' : :
= =V VE+ Vi) + (;‘m aevs/ap VO -V - (V- V)V, — diss + diab
. baroclinic barotropic DK (P
advective energy flux generation conversion () (Px)
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Storm track dynamics
- Transient eddy energy budget

a) Total eddy energy b) Eddy kinetic energy

Ny ~.

from Chang et al, JC, 2002 BT 2K
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Storm track dynamics
- Transient eddy energy budget

¢) baroclinic conversion d) barotropic conversion

Located upstream Positive over the entrance region
negative over the exit region

from Chang et al, JC, 2002 BT 2K
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Storm track dynamics
- Transient eddy energy budget |

e) energy flux f) mechanical dissipation
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energy sink

f h I 2002 s /s
rom Chang et al, JC, 200 YBT3 32



Storm track dynamics
- Transient eddy energy budget

e) energy flux The role of energy flux: version
T redistribute energy from the /-
region where it is generatedto ..
downstream regions, extending
storm track in the zonal dlrectlon

Strongly compensate the baroclinic conversion term in the entrance region.

f h I 2002 s s
rom Chang et al, JC, 200 YBT3 33



Storm track dynamics
- Transient eddy energy budget

b) G(PE) sensible heating c) Total G(PE)

Moist heating: strong along the storm tracks, with the maximum generation rate over the
storm track entrance region. (large-scale condensation dominant)

Sensible heating: a strongly negative contribution along the continental east coasts.

Total effect: difference between Pacific and Atlantic region. In the mid and exit regions of
Pacific storm track, latent heating dominant and enhancing the eddy energy; in the Atlantic

region, sensible heating dominant.

from Chang et al, JC, 2002 e s
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Discussions

Though the structure of the storm tracks can be partially understood from the

view of baroclinic energy cycle occurring in space, many questions are left:

Structure: a (causal) relationship between the variability eddies and that

of the background flow; the feedbacks between storm track anomalies and

the slowly varying planetary-scale flow? e.g. what determines how far downstream of

the region of the max baroclinicity the storm tracks extend? Whether the storm track properties
can be solely determined by the mean flow? The group propagation of storms...

Seasonal variation: the reason of mid-winter minimum?

Inter-annual variation: the detailed mechanism of Pacific storm track
shift between El nino and La nina years?

Decadal variation: the reason for decadal variation and its relation to
the global warming?

Simulations: AGCM and storm track model
RIREM: 5KiFE 39
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