Transientes y bloqueos

Clima de Sudamérica 2024



Los jets en altura estan fuertemente relacionados con los transientes

Wind vector and isotachs at 200 hPa Annual mean [£55]
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Transient Eddy kinetic energy (DJF)

Desviaciones con respecto a la media

Uu'=u-—1i

K = (uﬂﬂfz)

[ )

Larger in midlatitudes,
In upper levels, and
In winter hemisphere.




Transient Eddy kinetic energy (DJF)

K=%(u’1+v’3)

Varies zonally, with maxima
In jet exits. DJE
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Geopotential height (m) (contours) and isotachs at 250 hPa
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The time spectrum of transient =
atmospheric motion is continuous. @ |
10
However, usually we divide it |
Into two bands: .

v High frequency (1-10 days) “synoptic”, “weather”.
Due mainly to baroclinic instability

v Low frequency (> 10 days).
Due to
" Internal dynamics of atmospheric flow,
nonlinear interactions between scales - inverse cascade
" |Interactions between the atmosphere and
more slowly varying systems: e.g., oceans.
" Both mechanisms may interact.



Variance of high-frequency meridional velocity perturbations (<10 days)
“storm tracks”

Wettstein 2007



Geopotential height (m) (contours) and isotachs at 250 hPa
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V300 en un dia particular
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Ejemplo de mapa de
correlacion de punto
de v300 hPa

* Muestra:

* Tren de ondas propagandose casi
longitudinalmente de num. de
onda ~6 extendiendose aguas
arriba y abajo del punto de
referencia.

* El paquete de ondas se mueve
mas rapido que picos individuales
(vel de fase < vel de grupo) -
“downward development” (Chang
1993).

Lag=-2 days




Propagacion de paquetes
de onda
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Vientos ageostroficos

u du /dx = fv
g g a

Fig. 7.13. Isotachs of the mean wind at 25kPa for the DJF period, northern

hemisphere, together with vectors of the ageostrophic wind at the same level
Contour interval 10ms™!, with values greater than 30ms~' shaded. The sample

vector represents Sms~'. Based on six years of ECMWF data.



Velocity correlation tensor

Eddy anisotropy
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Fig. 5.4. Schematic illustration of a tilted eddy.

= (M? + N?)1/2,

The properties of the velocity correlation tensor can be summarized in a
single plot, in which contours of K are plotted on top of vectors showing
the direction of the principal axis of extension of the mean transients, and
whose length is proportional to M. Figure 7.14 compares the results for



Velocity correlation tensor

Eddy anisotropy

c=(7 %)=(6 0)+(¥ 5
K=w+09/2 M={-v%2

N = u'v. 1 _ /N
(p=§tan1(

H s
High frequency eddies are elongated meridionally
and strongest in storm track regions of Atlantic
and Pacific.

Low frequency eddies are zonally elongated and
eddy kinetic energy is less structured.

Figuras: Contornos de K y vector muestra la direccion
del semieje mayor del eddy.




Characteristics of low frequency phenomena

~ Arise from many different physical processes

- Are quasi-periodic, have broad peaks, which does not allow
to clearly separate frequency bands (intraseasonal, interannual).

- The spatial structures can often be interpreted to result from
localized anomalies of heating or other types of forcing which
under favorable conditions can propagate.



Bloqueos Atmosféricos



Definicion

A circulagao atmosférica de latitudes médias em altos niveis caracteriza-se
predominantemente por um escoamento zonal de oeste que, por sua
vez, favorece o deslocamento para leste e a manutencdo de sistemas
sinéticos, como as frentes, os ciclones e anticiclones e os storm tracks.
Por outro lado, em condi¢cées de bloqueio, a presenga de um anticiclone
quase estaciondrio, em torno da latitude de 45°S, de grande amplitude,

interrompe a progressao normal dos sistemas sinéticos para leste.

Em seu estudo classico, Willet (1949) indicou que a circulacio atmos-
férica de grande escala em latitudes médias tende a variar entre
duas situagées distintas. Na primeira prevalece o escoamento zonal
(circulagdo de alto indice zonal), em que os disturbios baroclinicos
transientes deslocam-se livremente para leste e, na outra situacio, o
escoamentomeridionalémaisintenso (circulaciodebaixoindicezonal),
agindo como uma obstru¢ido para o deslocamento dos transientes.
A esse segundo padrdo de circulagio estdo associados os bloqueios

atmosféricos.
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Na investigacdo de padrdes de blogueios, é comum ressaltar a
diferenca entre blocked flow (escoamento bloqueado) e blocking (bloqueio).
O escoamento blogueado esta associado a um padrio de circulag¢ao que

segue a determinadas condi¢des que caracterizam a obstrucdo, por

um anticiclone, do escoamento de oeste em latitudes médias. Por sua
vez, o termo blogueio denomina um padrio de escoamento que, além
de satisfazer aos critérios que caracterizam um escoamento bloqueado,

apresenta também um carater persistente. Descrevem-se alguns crité-

rios de identificagdo de bloqueios a seguir.




Tipicos patrones de bloqueo
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Fic. 18.1 Campos do
geopotencial em 500 hPa para
o HS na presenga de sistemas
de bloqueio: (a) Padrao
Omega; (b) Padrio Dipolo
Fonte: adaptado de
Nascimento e Ambrizzi, 2002.




Ridges/Blocks Conceptual Model

a) Subtropical Ridge b) Subtropical Ridge
.

Subtropical belt

| Blocked areas

FiG. 1. Conceptual model of high pressure patterns describing a typical life cycle of an event in the NH, including
the initialstages as a subtropical ridge, the development of flow reversals with omega shapes after a wave breaking,
and mature phases as an isolated split-flow Rex block. Pink shading comresponds to air masses with subtropical
characteristics, while green areas represent blocking of the extratropical westerlies by flow reversals in the middle
troposphere. LA Tymy represents the minimum latitude for detection (the zonal mean position of the subtropical
belt edge). Gray and blue arrows dencte typical synoptic features. S
ousa et al 2021



The 2010 summer mega-heatwave in Russia

Temperature & Z500 anomalies
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F1G. 14. European mega-heatwave of summer 2010. Com posites of Z500 (black contour lines, with 25-m intervals) and 2-m temperature
anomalies (shading; °C) for all summer days of 1950-2020 with (a) subtropical ridge, (b) omega block, and (c) Rex block patterns over
eastern Europe (30°-60°E, and all latitudes higher than LATymy). Light white dots represent temperature anomalies larger than one
standard deviation from the seasonal mean climatology. (d) Climatological mean (colored wide bars) and 2010 (dark thin bars) summer
frequencies (in days) of each type of pattern over longitudinal sectors of 15 width. (&) Snapshot detection of daily structures for 28 Jul
2010. Green and red circles identify omega block and subtropical ridge patterns, respectively. Grid points shaded with purple represent
areas of strong wind (GHG > 20 m per degree). The dashed line denotes the minimum detection latitude (LATymy). Data soume:
NCEP-NCAR reanalysis.

Sousa et al 2021



e Existencia de
geopotencial meridional, para alguna latitud fija
(condicion de longitud bloqueada)

e Al menos 3 puntos de reticula alineados

Deteccion de bloqueos

Giacosa et al (2020)

un gradiente de altura

meridionalmente en donde se cumpla con la
condicion de bloqueo.

e Persistencia temporal de la configuracion
indicada en los items anteriores.

Para considerar la diferencia entre los valores
de altura de geopotencial a lo largo de cierta
longitud, se definen dos gradientes meridionales

de altura de geopotencial, Gradiente Sur de

Altura de Geopotencial (GHGS) y Gradiente
Norte de Altura de Geopotencial (GHGN), segiin
la ecuacion 1

2500(\, ) — 2500(\, do)

GHGS = W
¢s — ¢o
GHGN = 2200\ ¢0) — 2500(A, o)
$0 — ON

donde ¢ es la latitud a la cual se busca el bloqueo
y puede tomar los valores: ¢g =

oo = H0°S + A, o = 35S + A, siendo

65°S + A,

A = —10°,-5%,0°,5°,10°. O sea, cuando A =
—10% — ¢s = 5575, ¢p = 40°S y ¢n = 2575,
y A varia en el dominio fijado. Considerando
el trabajo de Alessandro (2014), se utilizaron
dos bandas de longitudes para caracterizar los
bloqueos:

m Pacifico Atlantico Sur - PAS: 95°W - 65°W
s Atlantico Sur - ATS: 60°W - 0°W

Criterios GHGS < —10mgp/deg

GHGN >0
5 dias
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Figura 2: Composite de altura geopotencial en lineas punteadas y de su anomalia en coloreado,
para bloqueos en la regién PAS. (a) verano, (b) otofio, (¢) invierno y (d) primavera.
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Lluvias
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Lluvias Vientos en superficie y su divergencia
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Figura 7: Idem Figura 2 para bloqueos en la region ATS.
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NOAA Climate Prediction Center

Monitoreo de bloqueos en el HS

http://www.cpc.ncep.noaa.gov/products/precip/CWIink/blocking/real_time_sh/
real_time_index_nrm.shtml



Mecanismos de formacion de bloqueos

* Blogueos son considerados como parte de una onda planetaria
estacionaria y se estudia la interaccion de estas ondas con
procesos de mayor y menor frecuencia.

Rex 1950

EM TRABALHOS pioneiros sobre bloqueios, Rex (1950a, 1950b)
sugeriu que a interacdo entre transientes de escala sindtica pode ser um

mecanismo importante para a formagao desses fenémenos. A grande



Charney de Vore (1979)

PARA Charney e De Vore (1979), as anomalias altamente
persistentes na circulacdo atmosférica estariam associadas i ocorrén-
cia de miltiplos estados de equilibrio para uma dada forcante externa.
Eles encontraram mais de um estado de equilibrio estavel para padrées
de escoamento forgados por topografia e assimetrias de temperatura,
Alguns estados de equilibrio apresentaram configuracio com acentu-
ada componente de onda (baixo indice zonal) e ressonantes, anélogo
a um padrao de bloqueio. Os autores sugeriram que a transicao entre
os distintos estados de equilibrio (como, por exemplo, de um estado de
equilibrio de alto indice zonal para um com baixo indice zonal, repre-
sentando o estabelecimento de um bloqueio) ocorreria por interacées
nao lineares com perturbacdes de escalas menores em relacao as quais
esses estados estariam baroclinicamente instiveis. Por esge motivo, eles
se referiram a tais estados de equilibrio como “metaestiveis”. A insta-
bilidade associada as perturbages de escalas menores agiria como uma
forcante adicional que permitiria ao escoamento migrar de um estado

de equilibrio para outro.
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Sistema de ecuaciones no-lineal en las amplitudes de las ondas (“modos”)
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Nakamura y Wallace 1993

manutencio dos bloqueios. Nakamura e Wallace (1993) indicaram que
a amplificacao de alguns anticiclones de blogueios se segue a uma ativi-
dade anormalmente alta de perturbacses migratérias de alta frequéncia,
associadas a ciclogénese explosiva. Tsou e Smith (1990) discutiram a
interacao entre uma crista de bloqueio em amplificacio e as perturbacdes
migratérias, e concluiram que os transientes exercem uma realimenta-

¢do positiva que age para reforcar a crista de blogueio.
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Atmospheric blocking as a traffic jam in the jet stream

MOBORU MAKAMURA ™ AMD CLARES. ¥ HUANG Authors Info & Affiliations

SCIENCE - 24 May2018 . Vol 361, Issue 6397 . pp. 4247 . DOE10.1126/science aatl72]

& 3982 99 63 A O m
Abstract
Atmospheric blocking due to anomalous, persistent meandering of the jet stream o
often causes weather extremes in the mid-latitudes. Despite the ubiquity of block- v
ing, the onset mechanism is not well understood. Here we demonstrate a close
analogy between blocking and traffic congestion on a highway by using meteoro- ©
logical data and show that blocking and traffic congestion can be described by a &
common mathematical theory. The theory predicts that the jet stream has a capac- »
ity for the flux of wave activity (a measure of meandering), just as the highway has
traffic capacity, and when the capacity is exceeded, blocking manifests as conges-
tion. Stationary waves modulate the jet stream’s capacity for transient waves and <

localize block formation. Climate change likely affects blocking frequency by modi-
fying the jet stream’s proximity to capacity.



JGR Atmospheres

Research Artde

Wave Breaking Events and Their Link to Rossby Wave
Packets and Atmospheric Blockings During Southern
Hemisphere Summer

lago Pérez-Fernandez. Marcelo Barreiro, Moémie Ehstand. Emiic Hernandez-Garda 88 Cristobal Lopez

First pubfshed: 28 February 2024 | https/doi.orgf10.1029/2022| DOIBIRD
Read the full text » T POF %, TOOLS « SHARE
Abstract

Rossby Wawve Packets (RWPs) are atmospheric perturbations located at upper levels in
mid-latitudes which, in certain cases, terminate in Rossby Wawve Breaking (RWE)
gvents. When sufficiently persistent and spatially extended, these RWB events are
synoptically identical to atmospheric blockings, which are linked to heatwawves and
droughts. Thus, studying RWE events after RWPs propagation and their link with
blocking is key to enhance extreme weather events detection 10-30 days in advance.
Hence, here we assess (a) the occurrence of RWE ewvents after the propagation of
transient RWPs, (b) whether long-lived RWPs (RWPs with a lifespan abowve 8 days, or
LLRWPs) are linked to large-scale RWE ewvents that could form a blocking event, and
(c] the proportion of blocking situations that occur near RWE events. To do so, we
applied a tracking algorithm to detect transient RWPs in the southern hemisphere
during summertime between 1373 and 2021, developed a wave breaking algorithm to
identify RWE ewvents, and searched for blocking events with different intensities.
Results show that LLEVWPs and the other RWPs displayed large-scale RWE events
around 4% of the time, and most RWE events in both distributions last around 1-

2 days, which is not long enough to identify them as blocking situations. Mearly 17%
of blockings have a RWEB event nearby, but barely 5% of blockings are linked to RWPs,
sugeesting that transient RWPs are not strongly linked to blocking development.
Lastly, large-scale RWEB events associated with RWFPs that lasted less than & days are
influenced by El Nifio-Southern Oscillation.




Rompimiento de onda - bloqueo
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Ondas de Rossbhy cuasi-estacionarias - rol de los tropicos

UmMA outra linha de pesquisa aborda o aspecto da formacéo
dos blogueios procurando evidéncias de que também os mecanismos de

baixa frequéncia na atmosfera desempenham um papel importante.

En particular, se propone el rol de fuentes de calor en los tropicos que generan
ondas de Rossby extratropicales persistentes.
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