Multiscale Low-Frequency Circulation Modes in the Global Atmosphere

K.-M. Lau
Laboratory for Atmospheres, NASA/Goddard Space Flight Center, Greenbelt, Maryland

P.-J. SHEU
Applied Research Corporation, Landover, Maryland

I.-S. KANG
Department of Atmospheric Sciences, Seoul National University, Seoul, Korea
(Manuscript received 10 February 1993, in final form 15 September 1993)




Estrutura do Artigo

N

© N OA

Introducao;
Dados e analise de procedimento;
Espacial e estrutura temporal;

a.

b.
C.
d

e.

Modo simétrico zonalmente;

Modo Interanual (IAM);

Oscilacao Intrasazonal (ISO);

Modos Extratropicais no Hemisfério Norte;
i.  Padrao do Pacifico / América Norte;
ii.  Atlantico Norte / Padrdo Eurasia;

Padroes Extratropicais do Hemisfério Sul;

Sazonalidade;

Andlises do espectro singular (SSA);
Figuras da Fase-espaco;

Sintese do espaco-fisico;
Conclusao.



Introducao

Os padroes de circulacao que ocorrem com intervalos da ordem de 10 dias sao comumente
referidos como variabilidade de baixa frequéncia/Low-frequency variability (LFV), pode ser
dividido em:

1. Variabilidade Interanual (IAV)
2. Variabilidade Intrasazonal (ISV)

O IAV esta ligado a padroes de teleconexdes devem estar atribuidos ao aquecimento associado
as anomalias de SST tropical durante o El Nifio (ENSO) e ou anomalias SST extratropical. Horel
and Wallace (1981), Livezey and Mo (1987), Lau and Nath (1990) sugerem ser importante
manter a instabilidade barotrdpica.

ISV apresentam oscilacoes de 30-60 dias (MJO) e mostra interacao do calor latente,
convergéncia de umidade de larga escala e evaporacdo da superficie.



Introducao

A circulagao extratropical é importante para o forcamento da conveccao tropical;

Os modos normais devem estar presentes nos tropicos e extratropicos separadamente e os
padroes de teleconexdes ocorrem em janelas de forma espacial e temporal seletivas;

Webster and Chang (1988) prop6s que as alteragdes nos mecanismos de teleconexdes
enfatizam a importancia do gradiente zonal tropical em determinadas regides cuja influéncia
pode emanar dos extratrépicos e vice-versa;

Ferranti et al.(1990) e Lau and Shang (1992) mostram que os sinais extratropicais podem ser
mais previsiveis quando tem influéncia forte da ISV tropical e vice-versa;



Introducdo: Objetivo

Prover um melhor entendimento das variabilidades
de baixa frequéncia sobre um grande range de
escala espacial e temporal.



Dados e Procedimentos de analises

Dados de ventos em 200 mb

1. European Centre for Medium-Range Weather Forecasts (ECMWF);
2. 10 anos de dados (1980-89);
3. 4,5° 7,5 latitude-longitude;

Outgoing longwave radiation (OLR)

1. National Oceanic and Atmospheric Administration (NOAA)
2. 10 anos de dados (1980-89);
3. pentadas de b dias



Dados e Procedimentos de analises

Foram realizados Rotate Empirical Orthogonal Function (REOF);
Estimou o grau de liberdade por meio de decorrelacao

T=[1+2 § Cux (i) Cyy(iA)] AL, (1)

i=1

where At is the sampling time, N is the number of
observations, and C is the autocorrelation function. The
number of independent temporal samples for each grid
is given by n = NAt/T. An examination of the distri-

Foram realizados Empirical Orthogonal Function (EOF);



Estrutura espaciais e temporais: Modo
zonalmente simétrico

TaBLE 1. Percentage variance distribution of eigenvectors
before and after VARIMAX rotation.
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REOF| 7.37 4.61 3.51 3.17 3.14 290 287 284 2.77 2.76
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FIG. 1. (a) Spatial pattern of EOF1 (unrotated ) for 200-mb streamfunction with zonal mean p included. Units are nondi ional
(b) Principal P of EOF1 ( d) for 200-mb function with zonal mean component included. Units are m m? s~ scaled
by a factor of 1.4 x 10". (c) Power spectrum of pnncxpal p of EOF1. Ordi is ] density in units of m* s 2. The peak

value is scaled to 10. Dotted lines rep the d-noise spectrum and its 95% slgmﬁcam level.



Estrutura espaciais e temporais: Modo

Interanual (I1AM)
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FiG. 2. (a) Spatial pattern of the first rotated EOF or IAM for the zonally asymmectric component of
200-mb streamfunction. (b) One-point correlation map of principal component of IAM with OLR between
30°N and 30°S. Only regions with correlation exceeding 95% significance level are shown. Heavy and
light shading indicates positive and negative correlation, respectively. The contours show the main features
of the streamfunction pattern. (c) Power spectrum of the principal component of IAM. Units as in Fig.
Ic.
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Estrutura espaciais e temporais:
Oscilacao Intrasazonal (1SO)
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Fi6. 4. As in Fig. 2c except for the power spectrum for (2) ISO-1, (b) ISO-2, and (c¢) ISO-3.




Estrutura espaciais e temporais:
Oscilac3do Intrasazonal (ISO)
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F1G. 5. As in Fig. 2b except for the one-point correlation maps of OLR
with (2) ISO-1, (b) ISO-2, and (c) ISO-3.
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Estrutura espaciais e temporais: Modos
Extratropicais do Hemisfério Norte - PNA
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FIG. 6. As in Fig. 2 except for (2) the PNA (REOF-3), (b) the OLR correlation with the PNA,
and (c¢) the power spectrum of the PNA.
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Estrutura espaciais e temporais: Modos
Extratropicais do Hemisfério Norte - NAE
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FiG. 7. (2) As in Fig. 2a except for the NAE (REOF-6). (b) Same as in Fig. 2b except for the OLR
correlation with the NEA_ (¢) The power spectrum of the NEA.



Estrutura espaciais e temporais: Padroes
Extratropicais do Hemisfério Sul
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FiG. 8. Spatial distribution of (a) PSA-1 and (b) PSA-2 and power
spectra of (c) PSA-1 and (d) PSA-2. Units of power spectrum are
in m* s 72 scaled by a factor of 1.4 X 10"7.



Sazonalidade
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FiG. 9. Root-mean-square amplitude of the principal modes as a function of the calendar months.
Vertical bars indicate the standard error of the mean. Units are in m* s ™ scaled by a factor of 4 X
10'.



Analise de espectro Singular (SSA)

TABLB 2. Percentage variance cxplained by each cigenfrequency

for the principal multiscale modes.
SSA-PC
1 2 3 4 - 6 7 8

IAM 490 124 42 38 13 13 125 12
ISO-1 13.9 56 49 49 36 33 33 3.2
ISO-2 58 57 40 35 34 33 33 3.2
1SO-3 9.5 46 45 42 41 39 38 3.0
PNA 0.7 58 56 44 39 38 30 3.0
NEA 5.3 52 52 49 38 38 33 3.2
PSA-1 4.0 38 37T 37 33 31 28 28
PSA-2 3.6 36 32 28 27 26 26 2.5




Analise de espectro Singular (SSA)
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FiG. 11. As in Fig. 10 except for selected PCs of the ISO-1 modes
indicating low-frequency background variation (PC1 and PC2) and -4 5o 87T B2 83 B¢ ©5 B B7 B8 B9

quasi-periodic oscillations (PC3 and PC4). Fio. 12. As in Fig. 10 except for selected PCs of ISO-2 showing
amplitude modulation of the 50~60 day oscillation (PC1 and PC2)
and the 30-40 day oscillation (PC8 and PC9).

FiG. 10. Selected principal comp (PC) of the IAM from
singular spectrum analysis. Only the first few PCs or paired PCs
indicating quasi-periodic oscillations are shown. Units are normal-
ized by individual standard deviation.
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Figuras de Fase e Espaco
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TABLE 3. Summary of the fundamental time scales and eigenfrequencies obtained from SSA and spectral analysis for each principal 84

circulation mode. The V¥ indicates the dominant periodicities.

Period 85

Scasonal 180-240 90-120 50-60 40-50 30-40 20-30
Modes >2yr modulation (days)
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Fia. 16. Phase space portrait of climate state vector projected on
1o the ISO-1 and 150—2 for the entire data period indicating the in-
teramnieal variability of the phase coherence between the two major
modes.



Figuras de Fase e Espaco
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Figuras de Fase e Espa¢o: Variancia
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FiG. 22. Fractional variance relative to the first tea REOFs contributed by the different multiscale modes
discussed in the text for the Jamuary anomalics (Jeft pancl) snd the seasonal anomalies (nght panel) for all
years.



Conclusao

Foram encontrados robustos modos de circulacao de multiescala na atmosfera global em
escalas de 10 dias ou mais;

A inclusdo da média zonal mostrava uma super rotacao do fluxo, cuja variabilidade é
dominada pelo ENSO e oscilacoes intrasazonais;

Modos zonais assimétricos obtidos:

a. Modo Interanual (IAM): pode ser identificado em larga escala dos niveis superiores montando pares
anticicl6nicos e um dipolo de calor sobre o leste e oeste do Pacifico. Mostra oscilacdes de 30 a 60
dias;

b. Modo Tropical Intrasazonal (ISO): apresenta simetria em um ciclone duplo montado no Equador,
similar ao IAM. Retrata em conjunto o complexo movimento da MJO do Oceano indico;

c.  Oscilagao Extratropical Intrasazonal:

i.  Hemisfério Norte Extratropical: PNA e NAE sdo caracterizados pela presenca distinta de picos
de frequéncia multiplos no tempo da escala intrasazonal. Marca sazonalidade e pequenas
alteracdes na circulagao durante o inverno. Esses modos sao independentes das forcantes
tropicais

ii. Hemisfério Sul Extratropical: apresenta espaco e fase coerentes entre os modos sugeridos de
propagacao do trem de ondas para o leste extratropical. Independem da forcante tropical.



Obrigada a todos!



