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1. INTRODUCAO

e ATMOSFERA: meméria curta
e OCEANOS: enorme 1inércia térmica
e Interacdo oceano-atmosfera: variacdes climatica



e Neste estudo: variacOes recentes na escala de tempo
decadal envolvendo atmosfera e oceano no Pacifico norte +
links com outras partes do globo



Namias (1959, 1963, 1969): variacdes climaticas no

Pacifico norte e teleconexdes com a América do Norte
Na época do estudo: evidéncias de mudanca decadal na
atmosfera e oceano na regiao do PN, comecando ~1976



Trenberth (1990): estudo das mudancas na circulacao

atmosférica na troposfera neste periodo

o Associacdo com mudancas na tensdo do vento em superficie e mudancas
nas correntes



SLP DIFFERENCES

NOV - MAR SLP ARCHIVE 1924-1976
S0E SLP ARCHIVE 1977-1988

Fig. 1. The difference in mean sea level pressures from 1977 to
1988 for November through March versus 1924 to 1976 (mb).
Stippling indicates statistical significance at 5%. From Trenberth
(1990)
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e Mudancas:

(@)

O O O O O O O

Storm tracks (Rogers e Raphael 1992; Lau 1988)

Fluxos de calor latente e sensivel (Cayan 1992)

Adveccao de temperatura e umidade (Rogers e Raphael 1992)
Temperaturas ao longo da costa oeste dos EUA (Salmon 1992)

TSMs no Pacifico norte (Trenberth 1990)

Chuvas nas areas costeiras(Cayan e Peterson 1989)

Gelo no mar de Bering (Manak e Mysak 1987)

Maior incidéncia de frentes nas planicies norte-americanas, afetando
as culturas citricas (Rogers e Rohli 1991; Downton e Miller 1993)

e Mudancas nos nutrientes das aguas e mudancas nos padrdes
de migracao dos peixes



® Trenberth (1990): série temporal até inverno de 1987-88



2 TE,NDENCIAS OBSERVADAS EM LARGA ESCALA NO
PACIFICO NORTE

e Associacao entre as anomalias de TSM e a circulacao
atmosférica no Pacifico norte (Namias (1959, 1963, 1969),
Namias et al. (1988), Davis (1976, 1978), Lanzante(1984),
e Wallace et al. (1990))

e As mudancas na temp. da superficie vém das mudancas de
temperatura e adveccao de umidade sobre os oceanos, por
ventos andmalos e mudancas nos fluxos turbulentos
verticais e horizontais



2.1. INDICES DE CIRCULAGAO

TSMs: padrao claro na modo dominante da EOF < modo
preferencial de variabilidade no inverno do HN (similar
ao padrao da PNA de Wallace e Gutzler em 1981)

o PNA: 4 centros de sinais opostos

o 1Indice PNA: média mensal de altura geopotencial em 500mb nos 4
centros

o Util mas ndo pesa corretamente os 4 centros; erro nos valores Unicos

Neste estudo: pressdo ao nivel do mar entre 30-65°N, 160°
E-140°W ¢ 1indice NP (north Pacific)

Entre 1947-1991: correlacao entre NP e PNA é -0.91

NP: mostra o padrao PNA e mudancas na intensidade da
baixa Aleutiana no inverno



2.2. ESCALA DE TEMPO DO INDICE NP
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Fig. 2. Time series of NP, the mean north Pacific sea level pres-
sures averaged over 30 to 65°N, 160°E to 140°W as a function of
month and time. Shown is the total three-monthly mean values
smoothed with a low pass filter with seven weights (1, 4, 8, 10, 8,
4, 1)/36 across years to emphasize the decadal time scales in mb
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Fig. 4. Daily averages (thin solid) and standard deviations
(dashed) of the NP index in the form of the 1000 mb height as a
function of day of the year. Averages are over the twelve years
1980 to 1991. The heavy solid curve shows the fit of the first four
harmonics to the mean annual cycle
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(dashed) of the NP index in the form of the 1000 mb height as a
function of day of the year. Averages are over the twelve years
1980 to 1991. The heavy solid curve shows the fit of the first four
harmonics to the mean annual cycle
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(dashed) of the NP index in the form of the 1000 mb height as a
function of day of the year. Averages are over the twelve years
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Fig. 6. Time series of mean north Pacific sea level pressures aver-
aged over 30 to 65°N, 160°E to 140°W for the months November
through March. Means for 1946-1976 plus 1989-1992 and 1977-
1988 are indicated (where 1988 refers to the 1987-88 winter)
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Fig. 7. Time series of mean north Pacific sea level pressures for
November through March, as in Fig. 3, but beginning in 1925 and
smoothed with the low pass filter
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Fig. 7. Time series of mean north Pacific sea level pressures for
November through March, as in Fig. 3, but beginning in 1925 and
smoothed with the low pass filter
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Fig. 8. Power spectrum of the NP index for November through
March averages for the 67 years from 1924-25 to 1990-91. A tap-
er of 5% of the values at each end was applied and the spectral
estimates were averaged over 5 values. Also shown is the corre-
sponding red noise spectrum with the same lag one autocorrela-
tion coefficient (0.91) and the 5 and 95% confidence limits
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2.3. RELACOES OBSERVADAS
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Fig. 9. Twelve year (1977-1988) average surface temperature or
sea surface temperature anomalies as departures from the 1951-
1980 mean. Contours every (.25°C. Shown are the annual mean
anomalies and the anomalies for the 5 winter months (November
to March). Negative values are dashed
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r( NP, Sfc T) Nov-Mor 1935-1990

Fig. 10. Correlations (%) between the NP index and surface tem-

peratures for 1935 to 1990 and corresponding departure pattern
corresponding to a unit standard deviation of NP. Negative val-
ues are dashed. The 5% significance level is 0.27. Shaded areas

indicate insufficient data
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Fig. 12. Correlations (%) of the November-March NP index with
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ig. 11. Correlations (%) between the NP index in Fig. 6 and 700
mb temperatures. Negative values are dashed. The 5% signifi-

cance level is 0.30. 20% of the variance is accounted for by the

tive values are dashed. 26% of the variance is accounted for by
the correlations over the 140°E to 60°W, 30-65°N region
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correlations over the 140°E to 60°W, 30-65°N region



3. MUDANGAS NOS STORM TRACKS E SEUS EFEITOS NO
FLUXO MEDIO

e Dados bons apds 1979
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Fig. 13. Mean storm tracks for normal NP years and the anomal-
ies, low — normal NP values, as revealed by the 700 mb transient
eddy heat flux v" 77 bandpassed to include 2 to 8 day period fluc-
tuations, K ms~'. Negative values are dashed and results are
smoothed to T21 resolution. Values significantly different from
zero at the 5% level using a t test are suppled on the lower pan-
el
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Fig. 14. Mean storm tracks for normal NP years and the anomal-
ies, low — normal NP values, as revealed by the 300 mb root mean
square transicnt geopotential height s(z) bandpassed to include 2
to 8 day period fluctuations, m. Negative values are dashed and
results are smoothed to T21 resolution. Values significantly dif-
ferent from zero at the 5% level using a t test are stippled on the
lower panel



e Mudancas nos storm tracks: possibilidade de que os fluxos
de calor, umidade e momento associados a eles tenham
ajudado a manter as anomalias na circulacdo média



4. CAUSAS DAS MUDANGAS NO PACIFICO NORTE

e Influéncia das anomalias de TSM nos extratropicos
e Mudancas nos transportes de fluxos pelos eddies
e Efeitos do aquecimento atmosférico podem ndo ser locais



5. RELAGOES COM 0 PACIFICO TROPICAL

e 1976-77 a 1987-88: 3 eventos de El Nino, sem eventos

compensadores de La Nina
o Pacifico: anomalias positivas de TSM
o 1Indice negativo da Oscilacdo Sul



Darwin Southern Oscillation Index
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Fig. 17. Time series of the normalized Southern Oscillation Index

(minus Darwin sea level pressure anomalies) monthly, filtered

with an 11 term low pass filter designed to remove fluctuations

less than a year (Trenberth 1984) and with a low pass spline filter
that removes periods less than 10 years



Baixa Aleutiana mais intensa:
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5% level of statistical significance
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five month mean November—
March NP index with surface term-
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1990. Negative values are dashed
and areas of insufficient data (see
appendix) are stippled



Table L Correlations (%) between the NP November-March in-
dex and indices of SST for the Nifio 1+2, 3, and 4 regions and
the SOI

Index Nifo 1+2  Nifo 3 Nino4 Nifio 344  SOI
Lead

+6 =39 —47  —46  —47 44
+4 —44 -4 -50 =51 46
+2 —48 -50 -39 =51 50

0 —44 ~51 -45 31 52
-2 -30 ~44 —34  —43 77
-4 ~18 -34 -25 -3l 39
-6 ~12 -15 23 -19 16

All values are 5 month means. The period for the SOI and Nifo
1+2 regions is 1935 to 1990 inclusive so that the one-tailed 1%
significance level is 0.32. For the other Nifio regions the period is
1951 to 1990 and the 1% significance level is 0.38. Maximum val-
ues are underlined. The lead is by the Nifio SST or SOI index in
months :

Areas maiores: maiores valores de
correlacgao



6. DISCUSSOES E CONCLUSOES

e Baixa Aleutiana mais intensa comecou no 1inverno de
1976-77 e foi acompanhada por mudancas de temperatura na
superficie e troposfera

e Mudancas no Pacifico ¢ mudancas na América do Norte

e Precursores nos trépicos

e Escalas de tempo mais curtas: atmosfera guia o oceano,
mudangas nas TSM ocorrem 1-2 meses depois (mudangas nos
fluxos de calor latente e sensivel com a mistura e
entranhamento no oceano)



