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General circulation in an aqua-planet
Perpetual Equinox

Jet stream (westerly flow)
aloft (10-12 km): long term mean.
Boundary between subtropical

Midlatitude precipitation and extratropical air masses

maximum and westerly belt
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STORM TRACK-MEAN JET-EDDY PERTURBATION
RELATIONSHIPS
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FiG. 1. Schematic plot in the SH of the relationships between the mean jet (solid heavy arrow) and storm tracks (broad stippled
arrow ) and associated high frequency eddy statistics. Perturbation geopotential heights are greatest in the storm track producing
a maximum z'?. Maxima in all quantities are indicated at left. Vorticity perturbations are a maximum just north of the storm
track owing to the Coriolis parameter variations and consistent with the geostrophic relation. Therefore, meridional wind per-
turbations are similarly shifted north while zonal wind perturbations are a maximum north and south of the storm track. More-
over, the perturbations are elongated north-south so that v'? < &', and they have a characteristic shape with trough and ridge
lines (shown by the double line) such that there is convergence of momentum by the eddies into the storm track (v'{" = 0).
Temperature perturbations (outlined dashed line) are a maximum in the lower troposphere and highly correlated with —v’,

Maximum perturbations in moisture and vertical motion are closely related and occur in lower latitudes in close correspondence
with ¢ and T, as indicated by the hatched cloud zone.



Storm Tracks in the Southern Hemisphere
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FiG. 6. Long-term 2-8-day January and July mean §(z) at 300 mb in dam showing location
of storm track. Values greater than 8 dam are hatched.
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Mean Southern Hemisphere Extratropical Cyvclone Behavior in the 40-Year
NCEP-NCAR Reanalysis

[aw SvvioMDSs AND KEVIN KEAY
Scheol of Earth Sciences, University of Melbowne, Parkville, Victoria, Australia

(Mamiscrpt received 16 November 1998, in final form 31 March 1999)

ABSTRACT

Thus paper presents a new chmatology of Southermn Hemwsphere (SH) extratropical cyvclones. This has been
compiled by applying a state-of-the-art cyclone tracking scheme to the &-howly Mahonal Centers for Emviron-
mental Predichon-MNational Center for Atmospheric Research (MCEP-MNCAR) global reanalyses spanmmg the
peried 195897 The results show there to be, on average, between 35 and 38 cyclome systems per amalysis
(depending on season), with the greatest density [exceeding & = 10-? eyelones (deg lat)—*] found south of 60°%
m all seasons and in the Indian and west Pacitfic (Oeeans in autwmn and winter For the most part, there is a net
cragtion of cyelomes (1.e., cyclogenesis exceeds evelolysis) north of about 5075, and a net destruction to the
south of this lattnde Hawing said thes, the mest active eyclogenesis takes place south of 45°5. The NCEP-
NCAFR reanalyses indicate that most SH evelopenesis ocewrs at very high latitudes, and the axis of the moasimom
hes on, or to the south of, 60°5. This 15 in agreement with the deductions of many modern studies of SH cyclone
behavior. The region 15 also bost to even greater levels of evelohrhc activity.

The authors consider measures of the importance and mfluence (e.g., for eddy fluxes) of cyclomc systems.
It 1= sugpested that the “depth™ of a systemn (the presswre difference between the center and the “edge™ of a
cyclone) 15 a relatively bias-free and useful measure of a cyclone’s status and effect on the coculation. The
greatest climatological depths are seen to lie at about 60°5, well to the north of the cirewmpolar trough and of
the region of greatest cyclone density. The mean hifetime of cyclones that last at least 1 day 15 just ower 3 days.
Those that are located between 507 and 70°5 (at thewr half-lifehme) endure, on average, almost one day longer
than all other systems. The mean track length of winter systems 15 2315 km, which reduces to 1946 km m
SUIET,

The sizmificance of the work presented here hes in a pumber of factors. Forst, the chimatology has been derived
from 40 vr of analy=is, a period longer than any considered heretofore. Further, the (relanalyses used can be
regarded as one of the best representations of the global atmosphere. The availabality of these analvses at 6-howurly
mtervals means that the uncerfamtes with tracking of cyclones are greatly dummshed Fmally, it has been
compiled using one of the most sophisticated and reliable automatic cyclone finding and tracking schemes. This
chmatology of SH extratropical cyclones 15 arguably the most accurate and representative set vet assembled
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Tul 1979 (the contour interval is 1 hPs). Tracks of all SH cyclones (with 3 minimum lifetime of 24 k) in Jul 1979 in the (b) I and (<)

analyses.

Fiz. 1. (3) Temporal standard dewiation of the difference between the MSLP of the imtal reanalyses (I) and comected analyses (C)




Todos los Ciclones
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Cycione density (f per 5 box}, 1980-1986, Mnths:DJF

Fic. 6. Cyclone density for all cyclones for (a) December, January, and February, and (b) June, July, and August for 1980-26. Cyclones
are counted as numbers of centers per 57 latitude radius circle. The contour interval is 100, with light {medium) shading for counts greater
than 400 (600 ). .



Ciclones migratorios
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Fig. 10. As for Fig. 6 except for cyclones moving a total distance greater than 10° of latitude. Six-hour time interpolation is used.
The contour interval is 50, and values greater tham 200 { 250) are shaded { heavily).,



Ciclones intensos
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Fic;. 13. Cyclone density for cyclones having central £, <= —15 = 107* s~ for (a) December, January, February, and March, and (b)
June, July, August, and September for 198086 for cyclones moving a total distance greater than 107 of latitude. Six-hour interpolation is
used, The contour interval is 5, with values greater than 10 {20) shaded (heavily ).
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Fig. 10. Upper-tropospheric seasonal cycle of the SH storm track based on £sp track density (color) and mean intensity (line
contour) for (a) DIF (summer), (b) MAM (autumn}). (c) JJA {winter), and (d) SON (spring). Track density is number density per month
per unit area {unit area as in Fig. 4), and mean intensity is absolute relative to removed background with c.i. = 0.5 x 1075 The 50%
sea ice boundary is delineated by the white line for each season.
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Fic. 11. Same as in Fig. 10, but for lower-tropospheric seasonal cycle based on &5, Mean intensity is absolute relative to removed
background with ci. = 0.25 x 1075
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A global climatology of atmospheric fronts
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Relating global precipitation to atmospheric fronts

J. L. Catto,' C. Jakob,” G. Berry,” and N. Nicholls'
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[1] Atmospheric fronts are mmportant for the day-to-day
variahility of weather in the midlatitudes, particularly during
winter when extratropical storm-tracks are at their maximum
itensity. Fronts are often associated with heavy min, and
strongly affect the local space-time dismbution of rainfall
A recently developed objective front identification method
that distinguishes between cold, warm and guasi-stationary
fronts, 15 applied to reanalysis data and combined with a
daily global gndded data set to mvestigate how precipitation
around the globe 15 associated with atmosphenc fronts A
large proportion (up to 90%) of minfall in the major storme-
track regions is associated with fronts, particularly cold and
warm fronts. Precipitation over the oceanic stomm-tracks is
mostly associated with cold fronts, while over the Northem
Hemisphere continents precipitaion is manly associated
with warm fronts. There are scasonal and regional vanations
in the proportion of precipitation associated with fronts.
Citation: Catto, J. L., C. Jakob, G, Berry, and N. Nicholls (2012),
Relating global precipitation to atmospheric fronts, Geoplvs. Res.
Letr, 39, L10B03, doi:10.1029/201 2GLO51736.

were also found to be where the frontal intensity 15 greatest
[Simmaonds et al, 2011].

[4] Although the regions of maximum annual average
precipitation occur in the tropics [Garreaud, 2007], there
are also large megions of high values of annual average
precipitation over the midlatinde storm track regions. Much
of the rinfall n the midlatitudes has long been known to be
associated with the passage of frontal systems, as shown in
Bjerfmes and Solberg [1922]. The distribution of precipita-
tion around frontal systerms has since been investigated
using casc studics [e.g., Browning and Roberts, 1994] and
compositing techniques [e.g., Field and Wood, 2007]. On
regional scales studies have been performed to attnbute
precipitation to fronts or other $ynoptic activity [e.g., Pook
et al., 2006). Studies of particular cases or regions are
often subjective m nature and as such are not able to be
reproduced or extended to global analysis. For this reason
the volume of global precipitation associated with fronts has
yet to be quantified.

[s] Given the importance of fronts to local weather in

many reoione it i fracihle fhat come af the aherrued trende



L4809 BERRY ET AL.: GLOBAL CLIMATOLOGY OF ATMOSPHERIC FRONTS L4809

E:ﬁ- F -. -y - __-___ __.___ "_ -..-'. I :.. . "_.

: = 1 -

0N = .
E "‘—\._

05 w . m ". e

805 s - '

== ¥ — "4 o —]

o J0E BIE RIE 120E 162E e IS0 120W  BOW B Ly a 2 S EIE BOE 120E 1:53E a0 TR U20W BOW EQW aow Q

120E 152 182 1500 120w 2

ik 45 55 L5 75 i

Figure 2. Annual mean front frequency of (a) cold (b) warm (c) quasi-stationary and (d) the sum of all fronts in the ERA-
40 reanalysis. Units are percentage time at which an objectively identified front was located within each grid box. Scales are
displayed under each panel.
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Figure 1. Colors show annual proportion of precipitation that occurs with (a) any front, (b) cold front, (¢) warm front,
(d) quasi-stationary front within a 5° box. The black contours show the front frequency as a percentage time that a front
was located within each grid box. Polewards of +60° has been cut off due to problems with the convergence of the
meridians. Regions where the surface topography is higher than 1.5 km (850 hPa in a standard atmosphere) have been
blanked out, and areas where the front frequency is less than 3% have been shaded grey.
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Condiciones de gran escala



Caracteristicas de Escala Sinoptica

Analisis de agrupamiento objetivo (cluster analisis) basado en los campos de presion de superficie y geopotencial a
500 hPa revelan 5 situaciones sinopticas diferentes que se asocian con precipitacién en Chile central.
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Sombreado: agua precipitable [kgm 2]
Vectores: ivt (vectorial) [kgm™!]
2023-09-06 12:00:00 UTC
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Condiciones locales (superficie + altura)
durante tormentas en centro-sur de Chile



Condiciones Locales
Perfiles en Santo Domingo cuando llueve en Santiago...
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FiG. 6. (a)-{d) Vertical profiles of coastal radiosonde measurements of selected atmospheric variables during
rainfall episodes. The solid line indicates the mean value, the dark gray region indicates the interguartile range, and
the light gray region indicates the 5%-93% percentile range. The gray horizontal line is the mean height of the
freezing level, and the dark and light gray bars on either side of the plot show its interquartile and 5%-95%
percentile ranges, respectively. The arrows left of {a) and (d) indicate the direction of the wind and flux vectors.
The variables are defined in Table 3.



Condiciones Locales (Sonda de SDO, precipitacion en Santiago)

Progresion temporal de las anomalias* de algunas variables medidas por radiosonda, de 3 dias antes hasta
tres dias después del evento de lluvia. .
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Zonal wind (shaded), T=0° (White), g=5 g/Kg (blue), U=5 m/s (black) — Full Topo
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Warm and cold winter rainstorms
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Condiciones Locales (Nahuelbuta, al sur del BioBio)
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Condiciones Locales (Nahuelbuta, al sur del BioBio)

(a) Meridional wind speed [m/s]
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Que hace una tormenta mas
jugosa que otra?



El ascenso forzado (wT) sobre la cordillera incrementa el ascenso de gran
escala y en consecuencia la precipitacion. wT depende a la vez del flujo contra la
montafa (U en nuestro caso). Pero no olvidar la humedad!
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Background

Garreaud et al. 2013. Using PRECIS-ERA40 data, they show that strong (local)
correlation between 850 hPa zonal wind and precipitation extends along south-
central Chile because of the orographic enhancement in the windward side of
the Andes

a. r(U850,P)
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