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Synopsis

The influence of Madden-Julian Oscillation (MJO) on the extratropical circulation in
the boreal winter (DJF) is statistically investigated using OLR data and JRA-55
reanalysis data during 35 years. We especially focus on response characteristics of
atmospheric fields to the amplitude and polarity of MJO in each phase. It is found that
the velocity potential field where its composited anomaly for the phase of MJO has
statistical significance responds not only linearly to the amplitude but also
symmetrically to the polarity. On the other hand, the stream function field has not such
linear characteristics to the amplitude and polarity of MJO even though the composite
anomaly has statistical significance. We also discuss relationship between the response
characteristic of atmospheric anomaly fields to MJO and their formation mechanism
based on the vorticity equation.
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Fig. 1 Horizontal structure of EOF1 and EOF2 for
30-90 day bandpass filtered OLR in the tropical region
(30°S-30°N). The contour interval is 4 Wm™2 from
+2 Wm™2. The contribution of each mode for the total
variance is 8.7 % and 7.1 %, respectively.
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Fig. 2 Trajectory of MJO-index in phase space spanned
by (PC1*,PC2") during a period from 1979 to 2013.
The locations of 8 MJO phases (PHASEI-PHASES),
and the geographical locations of the associated
enhanced convective activity are also designated.
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Fig. 3 Horizontal distribution of the composited OLR
anomaly (DJF) for each PHASE in the tropical region
(30°S-30°N). The contour interval is 5Wm™2. The
number of days falling within each phase category is
also given in the bottom right corner of each panel.
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Fig. 4 Scatter diagram of streamfunction anomaly
(x107m2s™1) at 30°S, 122.5°E against the amplitude
of MJO-index. The positive direction of the horizontal
axis shows the amplitude in PHASE1 while the
negative one shows the amplitude in PHASES with the
opposite sign. Regression lines (red) and averages (blue
horizontal lines) are obtained for each phase. Numbers
at the top of this panel show the correlation (the first
line) and the regression (the second line), respectively.

FEIWZBEE LT, Fig. 40 X 97, BWICHALFE O BILRIC
B HALFEE, (] 2 IZPHASEL & PHASES; LT %)
T 5 _ODOMMHEEFET) AEAE DY o BAR N
Z Wiz, 72¥BFig. 4 TORBIX, —OONIHEE

(PHASEI&PHASES) DENENDT —ZIZDNT
KO 7o Bl m AR Z T

MJO—lndex@ﬂEﬂlm Tt DI E DS HRTGRI E M
FALFFEIRIC 31T 2 /R H & MIO-index DR IE &
DO EFERE O FEFHHE BN DR Lz, BERWIC
X, BEURREB O IAE BEMEDN0%U EoHE, %
DA RITB T BIE51E, MJIO-index D IR IZ* L T
MW THD EHET 5.

MIO D RN KT 2 IS B DS R BRI D5 0%, 3F i
T 5 O DAL T ORIRRE O 2 DORMEFTINA &
PERGHW L2, T bbb, BURGREOZORKFHT
HEMED0% EOE, ZOBTRICBT RS
1, MIODRBMEIZ KT UL CIRIFRNTH B L HIET 5.

PLEDRREET D, S-S T R8T DIRE
Rt &R D415 LTz (Fig.5) .
FREBINE (SERHEA)

KIS 2 ZODMARTEIID 5 6, — 5 O FH

TR AT B0, 20
IS LA WA

TG » RIS E (SEEBMEB)
RPN D O OALFHFEIR THRIZEIIZISZE L, 22D
R B D ZEBHFHNCH B CTROVEE.

WL A BEER T IR

— 118 —



PHASE1 (or 2,3,4) OiRNE PHASES5 (or 6,7,8) D iRiIE
I3 LTRSS 2R L TR RICHE

D iR#EICHL TR

Fig. 5 Classification of the response of anomalies to the
amplitude and polarity of MJO-index. Region A
exhibits a linear response for only one phase; region B
exhibits a linear response for both phases, and the
difference between regressions for both phases has not
statistical significance; region C exhibits a linear
response for both phases, but the difference between
regressions has statistical significance; region D
exhibits a non-linear response.
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(a) PHASE3 (267)

Fig. 6 (a) Composited velocity potential anomaly at 200 hPa for PHASE3. The contour interval is 0.5X10°m?s™1,

() PHASE7 (287)
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1

Significant anomalies at 90% confidence level are colored. Shaded regions show the linear response to the amplitude
of MJO-index. The number at the top of the panel indicates is the number of days to construct the composite. (b) as in
(a), except for PHASE7. (c¢) Regions are dotted when the response of the velocity potential anomaly to the MJO-index
is linear and symmetric (B in Fig. 5) for PHASE3 and 7. Composited OLR anomalies in PHASE3 are colored with
contours (the contour interval is 5 Wm™2). The number in top of figure is number of case that use for analysis in
PHASE3 and PHASE?7. (d) as in (c), except for both-side linear and asymmetric response (region C in Fig.5).
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Fig. 7 as in Fig. 6, except for the streamfunction anomaly at 200 hPa. The contour interval in panel (a) and (b) is

0.2x10"m?s~ 1t .
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(o) Budget Analysis Linear (15N—25N,75F—85F)
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Fig. 8 Vorticity budget composited for each MJO PHASE and averaged over the Northern Indian Ocean (15°N-25°N,
75°E-85°E; panel (a) and (b)), and the North Pacific (40°N-50°N, 175°E-175°W; panel (c¢) and (d)). (a) and (c) The
black solid line is time tendency of the streamfunction, the blue dotted line is term §; in Eq. (5), the red dotted line
term &y in Eq. (5), and the orange dotted line term R in Eq. (5). (b) and (d) The blue solid line is term & in Eq. (5) (the
same as to the blue dotted line in panel (a) and (c)), the green dotted line term Y%, &; in Eq. (4), and the yellow

dotted line is term &3 in Eq. (4).
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