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(Left) Climatological eddy meridional surface wind speeds at 8°N, and (right) climatological eddy SST

difference bewteen 10°N and the equator. Eddy fields are defined as deviations from zonal average over the
Pacific Ocean. Contour intervals are 0.5 m/s (left) and 0.3°C without zero contours. (after Minobe 1996)
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Fig. 2. Time series of anomalies exhibiting coherent interdecadal climate changes (thin solid curve), with
temporal averages of the anomalies for the periods 1870-1889, 1890-1924, 1925-1947, 1948-1976 and 1977-
1990 (thick dashed lines). (a) Spring (Mar.-May) air-temperature anomalies in western North America
averaged over 130°W-105°W, 30°N-55°N. The air temperature anomaly is calculated relative to 1930-50 at
each station, and then the anomalies are averaged spatially. (b) Spring SST anomalies in the eastern North
Pacific averaged over 140°W-110°W, 30°N-55°N. The average is calculated when available grid points are
more than 20 % of total grid points in the spring of respective years. (¢) Winter-spring (Dec.-May) SLP
anomalies in the central North Pacific averaged over 160°E-140°W, 30°N-65°N. (d) Spring-summer (Mar.-
Aug.) SST anomalies at Enoshima, Japan. (e) Annual mean SST anomalies in the Indian Ocean-maritime
continent region averaged over 40°E-160°E, 15°S-15°N. All differences in the temporal average between
successive periods are significant at the 95 % confidence level in each time series. (after Minobe 1997)
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Fig. 3. Wavelet transform coefficient of the North Pacific Index (NPI), which expresses strength of Aleutian
low as NPI is area-averaged sea-level pressures over an area 30°-65°N, 160E°-140°W, for (a) the winter
season (Dec.~Feb.) and (b) the spring season (Mar.-May). The colors indicate the amplitude of the real part
of the wavelet coefficient. The black-solid, black-dashed and gray contours indicate that the local wavelet
spectrum (which is defined as the square of the absolute wavelet transform coefficient) is significant at the
95, 90 and 80 % confidence levels, respectively. The significance of the wavelet amplitude is evaluated by a
Monte Carlo simulation based on a red-noise (AR-1) model for the observed lag-1 correlation coefficient using
10,000 surrogate time series. The blue arrows at the top of each panel indicate the phase-reversal years for
the pentadecadal-filtered winter-spring NPI shown in Fig. 4a, and red arrows indicate the corresponding
phase-reversal years for the bidecadalfiltered winter NPI in Fig. 4b. An octave for the left axes is given by
log,(a), where a is a scale dilation parameter in units of years. (after Minobe 1999)
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Fig. 4. Filtered NPI (a) in the winter-spring, (b) in the winter and (c) in the spring season. The green curves
indicate the 10-80-year band-pass filtered NPI data, the red curves indicate the 10-30-year band-pass filtered
(bidecadal filtered) NPI data, and the blue curves indicate the 30-80-year bandpass filtered (pentadecadal

filtered) NPI data. (after Minobe 1999)
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Fig. 5. SLP difference between two successive periods in winter (left panels) and spring (right panels). The
periods are defined as 1977-1999, 1948-1976, 1925-1947 and 1899-1924. The contour indicates the amplitude
of the difference and the dens and weak shades indicate the regions where the difference is significant at the
95 % and 90 % confidence limits, respectively, assuming each year is independent. (after Minobe 2000)
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Fig. 6. Interannual (2year <periods <8year)

variance of winter NPI. Dotdashed lines indicate
the time of regime shifts at 1924/25, 1947/48,
1976/77. In the regimes with the strong mean
Aleutian lows, interannual variances of Aleutian
low are enhanced. (after Minobe and Mantua 1999)
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Fig. 7. Real part of the wintertime relative maximal wavelet-filtered SLPs with respect to 50°N, 165°W from
1910 to 1980 at a 10-yr interval. Contour interval is 1 hPa. Systematic changes in the bidecadal ocillation
pattern are seen in the North Pacific and North Atlantic. (after Minobe er al. 2002)
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Fig. 8. Winter-spring SST anomaly differences between successive two epochs of a regime associated with
the 1970s (top panel) and 1940s (bottom panel) climatic regime shifts. The SST difference is calculated
between 1977-1997 and 1948-1976 for the upper panel, and 1948-1976 minus 1925-1947 for the lower panel.

(after Minobe and Maeda 2005)
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Fig. 9. Annual climatology of rain rate (a) observed by satellites, (b,c) in the atmospheric general circulation
model with observed (b) and smoothed (c) SSTs. Contours are for SST, with 2°C interval and dashed
contours for 10°C and 20°C. (after Minobe et al. 2008)
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Fig. 10. Summary of the climatic responses to the Gulf Stream. On the offshore flank of the SST front (black
dashed curve) of the Gulf Stream (green long arrow), surface wind convergence associated with low pressure
(positive SLP Laplacian), and enhanced rain occur (red shade). On the onshore flank of the front, surface wind
divergence associated with high pressure (negative SLP Laplacian) occurs (blue shade). The distribution of
the wind convergence and divergence is closely associated with surface winds across the SST front (short
gray arrows). Anchored by the wind convergence and enhanced precipitation, upward motion penetrates into
the upper troposphere (yellow arrow). The upward wind velocity is associated with the upper-level horizontal
divergence (blue oval) and frequent occurrence of high-level clouds. (after Minobe et al. 2008)
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Fig. 11. Cover of Nature journal in 13, Mar. 2008,
for which Minobe et al. (2008) is adapted.
(Reprinted by permission from Macmillan
Publishers Ltd., Nature Vol. 452, 13 March 2008,
copyright 2008)
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Fig. 12. Upward wind velocity (102 Pa s) at (top) 850, (middle) 500, and (bottom) 300 hPa in winter
(December-February, left) and summer (June-August, right). (after Minobe et al. 2010)
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72 E, RIBRYARELEERERE»TLENICKS
FRAAERENC B EL D A E Lz, NRIZLET2 S HE 2T
TWwiz (72 & Z21E Small et al. 2008) > o Riflic s
RGBT, Wy Fifgo BElix, hicdkrzz
WO BFZE R E LCTHRENTT L, Z D@ HFic
FEEINTVwED, FHHZZTCRTVLEVLIFHED H
DET, 72X IX20114FE 20124ED 6 HicdT > 72, 2
W LA AR SR L BUHD, BEoMESRE > T
ZHPHHABET LT, 206 HOBMICIE, TAbEL24E
DHBALOHIHEIK, 2 25 FERDICEMLE L, B
7oL TR WD DICE B A I EDLRENTDT
T, BREREOLCE XTFIABEIOOMBWIED T
Ry (BEREERT) 2RATEIRwLE T, 7
FEL7fidEc U, BERERE, BARBHIA V=0
B2, Kasamo et al. (2014) 213U E LT, WD
DOWLELTEELZBTFETT,

9w o e KA AFRZEE, RiclR780
BREA, HhESA, BEIA LV RN D

HY, FLHRKOPN dlkedz ) —4&— L3 2874
B TRUBER O hot spot @ B & R HET B E v
A=V 7 V7 ORKMEEAZLE) ) (2012 ~ 2016 4E1E)
DERINHE LD 22 LIk - T, EBNICRTHHA
DRELEHMRE R LMATHTH A5 ERVET,
Z OFFLMPFITIIIL D 9 4 O HF AT S 5, 3
4 (JAMSTEC - #vh ERE A, =EAK-7{L BHEIA,
RIE) 23, & 7z BRIRIEAT PMESTE O R & B O E
T 5 v, RIKEEAEWA L (Nakamura e
al. 2012) % FEL 2 BRERFOHN BEIADL, T
NN SALFALIFEETCEHILTVREYT, 20080
BHoTHEIDIFITEE, MAZIAPFEVIKEE
FEMHAEERZE 0D, KRELSEoRLEEA 2L
9, EAK - BOMEYHEATIAEE L BT
BTh s, & H—kd:d TOGA-COARE (The Tropi-
cal Ocean Global Atmosphere-Coupled Ocean Atmo-
sphere Response Experiment, 2V e S ER S G A ifE
FRRUGEFERR) T8 )5, BVERKMBEME AR OB
Hiczimah, HAROKRKHEEAEBAERTEIC BE &
HER-shTwET,

5. FIREEMR

HIffi D & 5 #EPEDR KA 2 B O % L 1<
&, ZOEESIBEORIENEEZRT-DICTH - ThH,
AENICIZEE L ESZEWEFE VWD XD DBEARY
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DA FEBELVELEITVET, 20K, NIl
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e & L U CHEOWIRN 280, EHbIRk{bs:
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MRk, FEOHLIbALET, Thoz THEI
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OUFTEYHL L L COFAD TE TRXD EI, HFRED
Bz, 2F0EMSE2 AT LESHDET, 20D
MU, FBUFRICBUS Tmav X574, 279407
% ETHEETT (Minobe 2014), b5 A A, WEEARE
RMRICHBELLTSMT 2L 05205050, A
HEY, ~1 7 (Yasuda er al. 1999) #FE (Byrd et
al. 2008; Watanuki et al. 2009 ; Bond et al. 2011 ) >{tA
# > 2 (Watanabe et al. 2011) 2R E LT, W»WDh
OWFIMb TV EFE L, LErLZNRZTT
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TYL, HODEC o THIREEDIN I A, Thid
FRCHEWIFREIC L > T, BFIE L TR T2
HTIERWDTT, £ CHlFEERR LAYkt
FICHET D, WEOYHBRREOZ P T a2 2
ZASHPICLTC, NHEYEITROMEL S 5, &3
TENRXEEZTVET,

F MY A CHASICOERERMEDEFE LT
WEHE ERH 0 T, FRICHARDOETH TRk
b REVEH EAPTFEHINCWEDT (28 2
Yin et al. 2010; Church e al. 2013), TP EICE->TD
HELZMETT, REARESKICBE#ELT, LidLlE
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CTENET L2200 %, ZLUikcEEL, G
MaERREET 2 2 1, 8256 {HHEPRR T
oML oFEbMELE R TL RO TNRE, B
EoWtse LTHEEREHF THAI EEZTVET
(5 2013), F7imE EAE, a7 \EE L 7B
DEO—F, KD H5HIS T BTG @ b5k
oA = R OEIES (72 & 21X Sasaki et
al. 2008), N7 A KiCw /=YK c R S A v
HU7ZY oy Miifia 2 € — (Sasaki and Schneider
2011ab; Sasaki e al. 2013) & HAIRF D KA Z B 52
9% (Sasaki er al. 2014) £\ 5 Xk 51, BHESIFDOAK
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BEFL Iy a7l hoThb0ET, HARIZZOH
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Fig. 13. A schematic indicating that physical conditions of the oceans are important in the atmosphere and in

marine ecosystem/biogeochemical cycles.
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Analytical studies from processes to decadal scale
air-sea coupled variability

Shoshiro Minobe *

Abstract

Two major fluids of the earth are the ocean and the atmosphere, each of which influ-
ence the other. The influence of the atmosphere onto the ocean is strong and clear, while
the opposing oceanic influence onto the atmosphere is not well understood. In this paper,
several results of co-variability of the ocean and the atmosphere and interaction between
them are introduced. Specific topics are seasonal variability over the tropical Pacific, decadal
variability over and around the North Pacific, and mid-latitude air-sea interaction from a
point of view of process-oriented studies. In order to identify oceanic impacts onto the atmo-
sphere, especially using data analysis, it is useful to detect key features. Such key features
are propagation signal commonly found in the atmosphere and the ocean with a speed of
oceanic propagation for annual variability over the tropical Pacific, oscillation in the atmo-
sphere for the decadal variability, and atmospheric signatures on oceanic spatial scales for
the mid-latitude air-sea interactions. Some ideas behind the studies are also introduced.

Key words : air-sea interaction, atmosphere-ocean variability, propagation, pentadecadal oscilla-
tion, bidecadal oscillation, atmospheric boundary layer, free troposphere, scale-sep-
aration strategy

(Corresponding author’s e-mail address: minobe@scihokudai.ac.jp)
(Received 26 March 2014; accepted 14 May 2014)
(Copyright by the Oceanographic Society of Japan, 2014)

T Department of natural history sciences, Graduate School of Science, Hokkaido University
N10, W8, Kitaku, Sapporo, 060—0810, Japan
TEL/FAX: +81117062644
e-mail: minobe@scihokudai.ac.jp

169



