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1. Introduction

The Madden-Julian Oscillation (MJO) is the
dominant mode of subseasonal variability in the
tropics [Madden and Julian 1971]. It is manifested as
large-scale  eastward  propagating circulation
anomalies and associated convective anomalies with
timescale of 30-60 days.

It is well known that MJO significantly affects the
atmospheric circulation throughout the global tropics
and subtropics, and also strongly affects the
wintertime jet stream and atmospheric circulation
features [Madden and Julian 1971; Weickmann et al.
1985; Lau and Philips 1986; Knutson and
Weickmann 1987; Ferranti et al. 1990].

In this respect, this study suggests that the
convective activities related to MJO modulates Arctic
Oscillation (AO) which is regarded as an annular
mode of internal dynamics in the extratropical
Northern Hemisphere.

2. Data

MJO indices (MJOI) are determined by extended
empirical orthogonal function (EEOF) analysis of
pentad 200-hPa velocity potential anomalies
equatorward of 30°N during ENSO-neutral and weak
ENSO winters (November-April) in 1979-2000. The
leading mode is composed of ten time-lagged
patterns, principal components of each pattern are
used as MJO indices. Each pattern represents
eastward propagation of MJO phase and related
center of convection region. The MJOI are provided
by Climate Prediction Center, National Prediction
Center
[http://lwww.cpc.ncep.noaa.gov/products/precip/CWIin
k/daily_mjo_index/mjo_index.html].

AO indices (AOI) are determined by the leading
principal component of monthly mean Sea Level
Pressure (SLP) poleward of 20°N in Northern
Hemisphere [Thompson and Wallace 1998]. Pentad
AOI are produced by regressing the anomalous sea
level pressure data onto the leading mode.
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Daily wind, temperature and pentad Outgoing
Longwave Radiation (OLR), SLP data are taken from
NCEP/NCAR reanalysis [Kalnay et al. 1996].

3. MJO signal in the Arctic Oscillation Index

Our analysis focuses on the modulation of AOI by
convective activities related to MJO, the MJOI are
determined to be representative for occurrence of the
most active convection. Figure 1 (a) shows standard
deviation of 30-60 days band-passed Outgoing
Longwave Radiation Anomalies (OLRA).

The average of indices 10 and 1, which
represent the center of convection near 70°E and
80°E respectively, is defined as MJOI since the
region of maximum variability of OLRA is located in
tropical Indian ocean.

(a) Standard Deviation

Figure 1. Standard deviation of 30-60 days band-
passed anomalous OLR (a), Correlation coefficient
between MJO index and OLR (b)

Positive MJOI means convection activities related
to eastward propagation of MJO are centered in
70~80°E, so that correlation coefficient between
MJOI and OLRA shows widespread negative values
over Indian ocean, maritime continent and middle
Africa. (Fig. 1b)

As shown Table.1, AO shows strong variability in
wintertime  (November-April) especially in DJF
because AO activity is related to polar vortex,
developed in fall and lasted late spring in northern
hemisphere. MJO also represents strong variability in
wintertime, but the strongest period is from March to
May (MAM). It is easily recognized that the
modulation of AO by MJO, if possible, is the most



distinct during MAM. Also, explained variance by 30-
60 days band of AOI shows the highest percentage in
MAM. Thus, here we focused on MAM.

Table 1. Variance of MJO and AO index,
Explained Variance of AO index by 30-60 days band

30-60
Variance
Period days
MJOI AOI AOI (%)
DJF 0.89 3.12 14.41
MAM 1.14 2.00 20.62
JIA 0.83 0.69 17.33
SON 0.73 1.45 19.18
Year 0.91 1.81 16.82
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Figure 2. Normalized time series of MJO
(dashed) and 30-60 days band-pass filtered AO
(solid) indices during MAM.

In Fig. 2 and Table. 2., Relationship between AOI
by MJO is well presented. In 13 years of 1979~2002,
MJOI and AOI is in phase relationship, highly
correlated in 95% confidence level.

Most in-phase relationship is occurred during
neutral and weak ENSO years except 1998, 1992
and 1989. There are two ways to interpret. The first
one is SST anomaly related to ENSO prohibits
activities of MJO itself. The other one is SST forced

global scale atmospheric variation distorts linkage of
MJO and AO.

We perform composite analysis of zonal wind,
SLP and surface temperature. Days of above or
below 1 standard deviation of MJOI are composed
separately and subtracted. In Fig. 3a, Zonal wind
indicates AO-like feature that barotropic positive and
negative centers are located in 50°N and 30°N
similar to Limpusuvan and Hartmann (2000). SLP
shows AO pattern clearly, but Pacific center of SLP is
stronger than Atlantic. Surface temperature
composite difference mostly resembles AO related
variation except north Siberia region which shows
negative sign.

Table 2. Correlation coefficients between MJOI
and 30-60 band-passed AOIl, Lead time of MJOI
indicates a number of pentad between -2~ 0 when
maximum correlation occurs. Moderate, weak
cold/warm years are shaded. *, + indicates above
99%, 95% confidence level respectively.

Year C.C. Lead ENSO
1979 0.13 0 N
1980 0.65* 0 W-
1981 0.86* 0 N
1982 0.57* 0 W-
1983 0.04 0 W+
1984 0.66* 1 C-
1985 -0.10 0 C-
1986 0.78* 0 N
1987 0.11 0 W
1988 0.58* 0 N
1989 0.64* 0 C
1990 -0.19 1 W-
1991 -0.05 0 W-
1992 0.52" 0 W+
1993 0.24 1 W
1994 0.63* 1 N
1995 0.61* 0 N
1996 0.36 0 N
1997 0.47" 1 W-
1998 0.58* 0 W
1999 -0.06 0 C+
2000 -0.35 1 C-
2001 -0.09 1 C-
2002 0.50" 0 W-




(a) Zonal Wind

(b) Mean Sea Level Pressure

Figure 3. Composite of (a) zonal wind [m/s], (b)
mean sea level pressure [hPa] and (c) surface
temperature [°K], Contour interval is 0.5 m/s, 1 hPa,
1 °K respectively. Negative values are shaded.
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