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ABSTRACT

The low frequency oscillation in both hemispheres and its possible role in the dust weather storm events
over North China in 2002 are analyzed as a case study. Results show that the Aleutian Low is linked with
the Circumpolar Vortex in the Southern Hemisphere on a 30–60-day oscillation, with a weak Circumpolar
Vortex tending to deepen the Aleutian Low which may be helpful for the generation of dust storm events.
The possible mechanism behind this is the inter-hemispheric interaction of the mean meridional circulation,
with the major variability over East Asia. The zonal mean westerly wind at high latitudes of the Southern
Hemisphere in the upper level troposphere may lead that of the Northern Hemisphere, which then impacts
the local circulation in the Northern Hemisphere. Thus, the low frequency oscillation teleconnection is one
possible linkage in the coupling between the Southern Hemisphere circulation and dust events over North
China. However, the interannual variation of the low frequency oscillation is unclear.
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1. Introduction

Dust storms occur in boreal spring (March–April–
May) over North China due to both the regional atmo-
spheric circulation and the special geographical envi-
ronment. The dust weather includes dust haze, blow-
ing dust, and dust storms according to the wind speed
and visibility. Since 2000, strong dust weather has fre-
quently occurred in this region resulting in serious en-
vironmental problems and disruption of social and eco-
nomic activities. In particular, the dust episode of 19-
21 March 2002 was the strongest and most widespread
dust event in North China since the 1990s. The Ko-
rean Peninsula and Japan were affected and schools
were closed on 21–22 March. The weather factors re-
lated to dust storms include strong wind, thermal in-
stability, and sand sources. Therefore, many studies
on Asian dust storms have been made through large-
scale field observation, remote sensing, numerical mod-

eling, and land-surface processes (Merrill et al., 1989;
Gillette and Hanson, 1989; Shao et al., 2003).

We will focus on dust-related atmospheric circula-
tions in this paper. Many weather and climatic rea-
sons for dust storms in North China are explored in
the literature (Wang et al., 2000; Zhou, 2001; Qian et
al., 2002; Zhao et al., 2004), such as the anomalous
cold air activity climatic factors, the state of ENSO,
the polar vortex in the Northern Hemisphere and so
on (Zhang et al., 2002; Zhao et al., 2004). These stud-
ies mostly focus on the atmospheric circulation in the
Northern Hemisphere (NH) and emphasize the cold
weather anomalies over Asia.

As is well known, the mean large-scale circulation
of the SH extratropics is strongly zonally symmetric.
A major component of the seasonal to interannual vari-
ability in the SH is the high-latitude AAO-mode, rep-
resenting a zonally symmetric exchange of mass be-
tween mid and high southern latitudes. Thus, a pos-
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itive Antarctic Oscillation (AAO) is concurrent with
a deepened circumpolar Low and a strengthened Sub-
tropical High, as well as with an enhanced westerly
at high latitudes in the SH. Several studies show that
the AAO has important impacts on the SH mid-high
latitude surface temperature and precipitation fields
(Rogers and van Loon, 1982; Kindson, 1988; Gong and
Wang, 1999; Thompson and Wallace, 2000). Fan and
Wang (2004) studied the interannual variability of the
dust weather frequency (DWF) in North China and
its relationship to the SH atmospheric circulation at
high latitudes. In their work, DWF denotes the num-
ber of days of dust weather events including dust haze,
blowing dust and dust storms throughout the year in
North China recorded by a Beijing station. Their re-
sults show that the AAO and dust weather frequency
(DWF) in North China correlate well, with a positive
AAO tending to decrease the DWF in North China.
Two possible mechanisms for AAO-DWF coupling are
identified, one is related to a meridional teleconnection
from the Antarctic to the Arctic, the other is related to
a regional circulation pattern over the Pacific Ocean.

The low frequency oscillation (LFO) in a 30–60-day
range has been detected in various datasets and by var-
ious methods in the Tropics since Madden and Julian
(1971). Many studies show that the 30–60-day oscil-
lation exists in both the extratropics and the Trop-
ics (Weickmann et al., 1985; Simmons et al., 1983;
Ghil and Mo, 1991). Some investigations have also
demonstrated that both tropical-extratropical inter-
actions and inter-hemispheric interactions are associ-
ated with LFO (Liebmann and Hartmann, 1984; Li,
1990; Krishnamurti and Subrahamanyam, 1982; Web-
ster and Holton, 1982). In addition, it has been indi-
cated that the LFO significantly influences both the
winter monsoon and the summer monsoon in Asia,
Australia, North America and South America (Ya-
sunari, 1979; Lau and Chan, 1986; Mo, 2000; He and
Song, 1992). Since the DWF is directly related to
cold weather anomalies in Asia, the LFO may play
an important role in atmospheric circulation related
to DWF.

Therefore, the purpose of this paper is to analyze
the 30–60-day oscillation in 2002 as a case study to
explore the interaction between the two hemispheres
in dust storm events over North China. The paper is
organized as follows. In section 2, the datasets and
the analysis techniques are described. Results are pre-
sented in section 3, and conclusions follow in section

4.

2. Data and methods

The NCEP-NCAR reanalysis datasets from
September 2001 to August 2002 are employed in the
study. To obtain the 30–60 day oscillation features,
the annual average and seasonal cycle are removed in
the daily datasets and the Lanczos method is used for
filtering. The observed wind data are derived from
the 325-m high meteorological tower located at the
Institute of Atmospheric Physics (IAP), which repre-
sents Beijing Station. The Meteorology Tower site is
at 39◦58′N, 116◦22′E with a base altitude of 48.632 m.
Data is collected at 15 levels: 9 m, 15 m, 32 m, 47 m,
65 m, 80 m, 103 m, 120 m, 140 m, 160 m, 180 m, 200
m, 240 m, 270 m and 320 m. The wind data at 320 m
is utilized in this paper.

Table 1 is from the China Meteorological Ad-
ministration (CMA). There are many dust events in
North China in 2002. Most flowing dust events occur
in February whereas the dust storm events occur in
March and April. The period of 15 March–24 April
has the number of dust weather events accounting for
86%–98% of all of March–April. In particular, the
dust storm episode occurring during the period of 18–
22 March was most noticed by the public, therefore
we focus on the continuance of dust storm events from
the period of 15 March–1 April.

Table 1. Dust weather events in February, March and
April 2002. BD, DS and SDS are defined as blowing dust,
dust storm and strong dust storm, respectively.

Event Date Class Wind speed
(2002) (m s−1)

1 9–10 Feb. BD 7–12
2 22–23 Feb. BD 7–12
3 1–2 Mar. BD 7–12
4 15–17 Mar. DS 9–15, up to 20
5 18–22 Mar. SDS 9–15, up to 22
6 24–25 Mar. SDS 9–15
7 28–30 Mar. DS 9–15
8 30–31 Mar. DS 9–15
9 1–3 Apr. DS 7–12
10 5–9 Apr. SDS 9–15
11 11 Apr. DS 9–15
12 13–17 Apr. DS 9–15, up to 20
13 19–20 Apr. DS 9–15, up to 22
14 21–24 Apr. SDS 9–15
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Fig. 1. Time series of 30–60-day filtered velocity (denoted by ×) and
Aleutian Low (denoted by �). The short solid lines under the time axis
indicate the periods of dust storm events occurring in Beijing (18–22
March, 16–24 April), y-axis indicates normalized values.

Fig. 2. Time series of 30–60-day filtered Aleutian Low (denoted by �)
and Circumpolar Vortex (denoted by +). The short solid lines under
the time axis represent the active periods of dust storm events (18–22
March, 16–24 April), y-axis indicates normalized values.

3. Results

3.1 The change of LOF circulations in 2002

The cold air activity in North China provides an
important dynamic condition for dust weather. The
intensity of the Aleutian Low may represent the cold
air activity in East Asia in boreal winter and spring;
it is called the Atmospheric Activity Center (AAC).
Fang and Wang (2003) suggested that the East Asian
Trough deepened frequently to cause the high fre-
quency of dust storm events in March–April in North
China in 2002. Consequently, we define the intensity of
the Aleutian Low as the normalized 850 hPa geopoten-
tial height averaged over the region (45◦–60◦N, 150◦E–
150◦W) and it is used as an index for the cold air activ-
ity that is directly related to the dust events in North
China.

Firstly, the observed wind speed as revealed by the
325-m Beijing Meteorological Tower (an Urban Flux
Networked Station) and the Aleutian Low in a 30–
60-day oscillation are depicted in Fig. 1. It is noticed
that they have a negative correlation. A deep Aleutian
Low correlates well with the strong wind speed at the
Beijing station, especially during March–April. The
Aleutian Low is deep while the wind speed is strong
when the dust events occur frequently. Therefore, the
intensity of the Aleutian Low is a good indicator for
cold air activity associated with both strong wind and
dust storm events.

The Southern Hemisphere Circumpolar Vortex in-
dex is defined as the 850 hPa geopotential height aver-
aged over the region (60◦–70◦S, 0◦–360◦E). The time
series of the 30–60-day band-filtered circumpolar vor-
tex and Aleutian low in 2002 (Fig. 2) show a significant
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Fig. 3. Unfiltered and filtered geopotential height anomaly field at 850 hPa (Unit: gpm): (a) unfiltered for
0000 UTC 1 March 2002; (b) unfiltered for 0000 UTC 20 March 2002; (c) filtered for 0000 UTC 1 March
2002; (d) filtered for 0000 UTC 20 March 2002.

correlation of −0.79 (where the significance level is
above 99%). It suggests there are linkages between
the LFO circulations in both hemispheres. The pos-
itive phase of the SH Circumploar Vortex coincides
well with the dust storm events during both 15 March–
1 April and 16–24 April, which are indicated in Fig.
2. It shows that the positive SH Circumploar Vortex
correlates with the negative Aleutian Low better in
the 15 March–1 April period than in the 16–24 April
period. The plausible reason for this is that the SH
Circumpolar Vortex is a small positive anomaly which
then causes a small negative anomalous Aleutian Low
in the 16–24 April event but not in the 15 March–1
April event (see Fig. 1 and Fig. 2). It suggests that
significant change in the SH Circumpolar Vortex may
cause significant change in the Aleutian Low. To some
degree, a weaker Circumpolar Vortex tends to increase
dust storm episodes in 2002. SH atmospheric circula-
tion at high latitudes may impact dust-related circu-
lations not only on interannual timescales but also on
30–60-day timescales in 2002.

3.2 Analysis of the different dust storm phases

We chose the middle to end of March 2002 as a case
study to explore further the interaction of the hemi-
spheres via the 30–60-day oscillation by comparing the
circulation between the broken (1 March) and active

(20 March) dust storm phases. Firstly, in order to
identify the 30–60-day oscillation, we compare the dif-
ference between the original and filtered height fields
at 850 hPa in the dust storm phase (Fig. 3). A similar
pattern of the 850 hPa geopotential height fields can
be found in the two periods. As for the broken dust
storm phase (1 March), both Fig. 3a and Fig. 3c show a
positive anomalous height in North China and a neg-
ative anomalous height in high latitudes in the SH,
indicating a weaker Mongolian Cyclone and a deeper
Circumpolar Vortex, respectively, associated with the
strong AAO. Comparatively, Fig. 3b and Fig. 3d (for
the active phase) show that the negative anomalous
height is located in large parts of Asia representing
both a strengthened Mongolian Cyclone and a deep-
ened Aleutian Low that may cause cold air activity
and strong winds on the surface in North China, with
dust storms moving eastward, corresponding to the
eastward motion of the cyclone and the regime of the
strong northwesterly wind. At the same time, the pos-
itive anomalous height is in the high latitudes and
the negative anomalous height is in the middle lati-
tudes in the SH, and these just represent the negative
Antarctic Oscillation (AAO). Little difference between
the filtered and unfiltered 500 hPa geopotential height
anomaly for each phase is found. As far as the active
dust storm phase (20 March) is concerned, there is a
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Fig. 4. 30–60-day bandpassed wind anomaly field at 850 hPa (unit: m s−1).
(a) 0000 UTC 1 March 2002; (b) 0000 UTC 20 March 2002.

weaker Circumpolar Vortex in the SH and a deeper
trough over the northeast over Asia at 500 hPa, and
behind it the northwesterly flow is very strong which
is helpful to move both the cold flow and the dust
particles southward (not shown). Meanwhile, the en-
hanced northwesterly jet at 40◦N over North China
is also clearly seen at 200 hPa, which is linked to the
low-level cyclogenesis (Uccellini, 1986) (not shown).

Therefore, in terms of the 30–60-day oscillation in
the circulation related to dust storm events over North
China, a negative correlation between the Circumpo-

lar Vortex and the Aleutian Low is found and this
relationship may be closely linked to the dust storm
events.

The difference in the wind field in the troposphere
between the two dust storm phases is analyzed. In the
broken dust storm phase (1 March) in Fig. 4a, there
is an anticyclonic anomaly at 850 hPa over the area
from Siberia to Northeast Asia and the Aleutian Is-
lands that reflects that both the Mongolian Cyclone
and the Aleutian Low are weaker, implying a weaker
than normal intensity of cold weather anomalies over
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Fig. 5. 30–60-day bandpassed wind anomaly field at 200 hPa (unit: m s−1)
(a) 0000 UTC 1 March 2002; (b) 0000 UTC 20 March 2002 (b) 0000 UTC 20
March 2002.

East Asia. Meanwhile, there is an enhanced westerly
south of 60◦S and an easterly wind at middle latitudes
in the SH indicating both a stronger AAO and a deeper
Circumpolar Vortex. Conversely, the distribution of
the wind field in the dust storm phase (20 March)
is opposite to that in the broken dust storm phase
in Fig. 4b. The distribution of the wind field at 500
hPa is similar to that at 850 hPa, but the features are
much more remarkable. We analyze the 200 hPa wind
fields for the two dust storm phases in Fig. 5a and Fig.
5b respectively. Both show alternating teleconnection
patterns along the Antarctic, Australia, and coastal
East Asia to the North Pacific Ocean. The upper level
teleconnection is more remarkable than that of the low
level which suggests that the implied inter-hemispheric
interaction may begin with the upper level and that
the SH Circumpolar Vortex may influence the circula-
tion at high latitudes in the NH such as the Aleutian
Low, in terms of this teleconnection. Therefore, the

30–60-day filtered teleconnection may account for the
relationship between the Circumpolar Vortex and the
Aleutian Low and hence may explain why this rela-
tionship consists well with the dust storm events in
2002, as Fig. 2 has shown.

3.3 Zonal mean meridional circulation and
dust storm events

The zonal mean fields at middle-high latitudes at
the upper level reflect not only planetary-scale circula-
tion features but also the mean meridional circulation
to some degree. We analyze the evolutions of the 200
hPa daily zonal mean westerly wind both at 60◦ lat-
itude (Fig. 6a) and 40◦ latitude (Fig. 6b) for the two
hemispheres. As Fig. 6 illustrates, the zonal winds of
two hemispheres show coherent change, where some-
times the SH may lead the NH. During the active peri-
ods of dust storms (15 March–1 April), the zonal mean
westerly wind at 60◦ (40◦) latitude is weaker (stronger)
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Fig. 6. Time series of the 30–60-day filtered zonal mean westerly at 60◦

and 40◦ latitude respectively (unit: m s−1). (a) 60◦N (denoted by �)
and 60◦S (denoted by +); (b) 40◦N (denoted by �) and 40◦S (denoted
by +). The short dashed line under the time axis represents the quiet
period of dust storm events (16 February–1 March); the short solid line
represents the active period of dust storm events (16 March–1 April).

in both hemispheres. On other hand, the zonal mean
westerly wind at 60◦ (40◦) latitude is stronger (weaker)
during the broken period of dust storms (16 February–
1 March). It is clear that there is a seesaw change in
the extratropical circulation of both hemispheres on a
30–60-day timescale.

How do the local zonal winds over North China
that are associated with dust storm events respond to
inter-hemispheric zonal winds? Based on previous re-
search (Uccellini, 1986), the westerly jet may impact
the Mongolian Cyclogenesis. So, we investigate the
key circulation factors related to dust storms to go
further into the change of local zonal winds over East
Asia. One is the upper level westerly jet near 40◦N; the
other is the low level Mongolian Cyclone. We plot the
daily westerly wind averaged over 90◦–110◦E at 40◦N
at 200 hPa in Fig. 7a. It is found that the westerly is
weaker during the broken period of dust storms, viz.
16 February–1 March. Conversely, the strong west-
erly jet is associated with the active period of dust

storms, viz. 15 March–1 April. Figure 7b shows the
daily change in the intensity of the Mongolian Cyclone,
which is defined as the 850 hPa geopotential height av-
eraged over the region (40◦–50◦N, 100◦–140◦E). It is
clear that a strong (weak) Mongolian Cyclone is con-
current with the active (broken) period of dust storms.
Therefore, the above results illustrate further that the
inter-hemispheric mean zonal circulation interaction
with the local circulation over East Asia may impact
the dust storm events in North China.

4. Summary

The relationship between the circulation on the 30–
60-day oscillation timescale and the dust storm events
in 2002 has been described. The main results of this
study can be summarized as follows:

(1) In the year 2002, the extratropical circulations
in both hemispheres are coincident on a 30–60-day
timescale. The Circumpolar Vortex in the SH has a
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Fig. 7. (a) Time series of the 30–60-day filtered zonal mean westerly
along 90◦–110◦E at 40◦N at 200 hPa (unit: m s−1). (b) Time series
of the 30–60-day filtered Mongolian Cyclone defined as the geopoten-
tial height average over the region (40◦–50◦N, 100◦–140◦E) at 850 hPa
(unit: gpm). Time axis markers as in Fig. 6.

significant negative correlation with the Aleutian Low
in the NH. A deeper Circumpolar Vortex tends to
weaken the Aleutian Low, resulting in the strong cold
air activity over East Asia in boreal spring and further
providing increasing dynamic conditions for the active
period of dust storms.

(2) The 30–60-day filtered meridional teleconnec-
tion pattern associated with dust storms occurs over
the Antarctic, Australia, and the coast of East Asia to
the Aleutian Islands. The Circumpolar Vortex in the
SH may impact the Aleutian Low in terms of telecon-
nection and then influence the cold air activity over
East Asia by the dissipation of energy in the NH. In
addition, the teleconnection pattern is more remark-
able in the upper level, which indicates that the inter-
hemispheric circulation coupling begins in the upper
level.

(3) In the case study, the zonal mean circulations

of both hemispheres have prominent coherence. The
SH mean circulation tends to lead that of the NH.

(4) The inter-hemispheric zonal mean circulation
interaction through teleconnection with local circula-
tions over East Asia plays an important role in the
dust storm events in North China.

In this paper, the case study of the 30–60-day os-
cillation of dust events in North China was conducted
and the dust storm events were analyzed. However,
the interannual variability of low frequency oscillations
related to dust storms has not been discussed yet and
many unsolved problems remain with respect to the
physical processes behind the inter-hemispheric cou-
pling.
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