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In addition to synoptic disturbances, the 10 -20 day oscillation
(QBWO) is a dominant sub—seasonal oscillation signal of convection in
tropical East Asia during the boreal summer, especially in the South
China Sea (SCS) (Fig.1). This result is consistent with previously
reported studies (Chen and Sui, 2010; Jia and Yang, 2013).The first
two leading modes of an empirical orthogonal function (EOF) analysis
to a 34-year series of daily 10-20 day filtered outgoing longwave
radiation (OLR) anomalous data over tropical East Asia showed a north-
westward propagating mode of the quasi-biweekly oscillation (QBWO)
(Fig.2). The original signal of this convective QBWO mode was.present
over the tropical central Pacific near 180° and then propagated north-
westward. The signal enhanced during propagation and then ‘disappeared
as it made landfall. The active centre of convection of the QBWO
coincided with a positive potential vorticity  (PV) anomaly at 500 hPa
and a cyclonic gyre at 850 hPa, whereas the centre of suppression
coincided with a negative PV anomaly and ‘an anticyclonic gyre. These
circulations made up an inclined northwest-southeast wave train
(Fig. 3).

The vertical structures of ‘this dominant QBWO mode show that the
vertical dynamic and thermodynamic structures of the QBWO mode have
many similarities with”those-of East Asian tropical monsoon
depressions (EAMDs).-Both structures have two centres of PV at 500 and
750 hPa, respectively, and have an almost upright structure in the
troposphere up’to 300 hPa (Hurley and Boos, 2015; Hu et al., 2019)
(shadings of Fig.4). The low-level centre of relative vorticity
anomalies 1s located at 850 hPa, lower than that of the PV. At most
times, the low-level centre is stronger than the centre at 500 hPa,
which resembles the relative vorticity structure of EAMDs (Hu et
al.,2019) (contours of Fig.4). The convective cell of the QBWO has a
warm—over—cold structure in the troposphere, which resembles that of
EAMDs (Hu et al.,2019) (contours in the left-hand column of Fig.5).
These similarities may imply a close relationship between the QBWO and
EAMDs.



The location of the EAMDs in each phase of the QBWO mode were
investigated and found that EAMDs are more likely to appear in a
region of strong convection. When the cyclonic circulation
corresponding to the region of active convection is sufficiently
strong, the EAMDs are more likely to appear in the cyclonic
circulation and move north-westward together with the cyclonic
circulation (Fig.6 and Fig.7). Based on the relationship between the
QBWO and the location of EAMDs, we can infer that some structure
information of EAMDs is projected onto the signal identified.as”that
of the QBWO. However, it cannot change the structure of the QBWO
significantly because their scales differ in magnitude.

We also explored QBWO modulation at different stages.of the EAMDs
and in different track groups. The EAMDs are prefetrentially generated
over regions of deep convection. (Table 1 and/Fig.8). Boos et al.
(2015) suggested that the horizontal adiabatic advection of PV at 500
hPa causes the Indian monsoon depression t0 move westward against the
westerly winds at lower levels. Hu et al. (2019) showed that the
maximum PV centre of EAMDs is also/lecated at 500 hPa, the same as for
the Indian monsoon depression.. The unfiltered 500 hPa circulation
shows that the westernmost point of the Western Pacific subtropical
high (WPSH) reaches west to-100° E in phase 1 (Fig.9). As a result,
all the EAMDs generated in this phase are located in the easterlies to
the south of the WPSH.' The composite unfiltered 500 hPa circulation in
the following phases shows that the easterlies are maintained for a
long time.s Therefore, the EAMDs move westward under the influence of
the horizontal adiabatic advection of the PV. The anomalous
anticyclone becomes weak from phases 4 to 7 as it nears land and
disappears in phase 5, whereas the anomalous cyclone associated with
convection over the western North Pacific (WNP) is enhanced. This
suggests that the WPSH weakens and retreats eastward (Fig.9), and
therefore, many eastward-moving EAMDs are generated in these phases in
addition to westward and northwestward-moving EAMDs (Table 1).

Figure 10 shows the location of the EAMDs when they reach their
strongest vorticity in the eight phases of the QBWO. Most of the EAMDs



reach their peak intensity when they move over the SCS, and the number
of EAMDs occurring in the region of active convection is higher than
that occurring in the region of suppressed convection. They are 76 and
44, respectively. This indicates that vigorous convection favours the
enhancement of EAMDs. However, there is no significant relation
between the QBWO convection and the point of disappearance of EAMDs.
The decay of EAMDs is primarily related to friction with the ground
surface, the transport of moisture and the heat supply (Liu and

Liang, 1988) (Fig.11).
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Fig. 1 (a) Climatological (1979 - 2012) patterns of the May to October
OLR (blue shading in units of W m™) and variance of the 10 -20 day
filtered OLR (black contours in units of (W m™)°). Power spectra of the
OLR anomalies (thick lines) averaged over the (b) SCS (10° -20° N,
110° -120° E) and (c) WNP (10° -20° N, 120° -160° E). The thin
green dashed lines show the spectral density of red noise and thin red
solid lines and blue dotted lines are the 95% confidence bounds of the
red noise.
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Fig. ‘2 Patterns of the (a) first and (b) second EOF modes of the 10 -
20~day filtered OLR (W m™), and (c) the correlation coefficients of

the principal components for May - October during the period 1979 -
2012.
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Fig. 3 Composite 10-20 day 850 hPa winds (vectors in units of m s™),
OLR anomalies (shadings in units of W m™) and 500 hPa PV (contours in
units of 107 PVU, where 1 PVU = 10" K m* kg™ s™) in the eight phases of
the QBWO. The red line in phase 8 indicates the vertical cross—section
along the inclined axis of the wave train.
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Fig. 4 Cross—sections of the composite 10 -20 day PV (shadings in
units of 107 PVU; where 1 PVU =10"° K m° kg™ s™) and relative vorticity
(contours in wnits.of 10°s") from (40° N, 70° E) to (10° S, 170°
W) in the eight phases of the QBWO.
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Fig. 5 Cross—sections_of\ the composite 10 -20 day specific humidity
(shadings in units-of 10'kg kg™) and potential temperature (contours
in units of 107K)~from (40° N, 70° E) to (10° S, 170° W) (left—

hand column)s and vertical velocity (shadings in units of 10° Pa/s)

and vertical circulation (streamline) (right-hand column) in the

phases 1, 3, b5, and 7 of the QBWO.
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Fig. 6 Locations of all“EAMDs at all times (dots), composite 10-20

day filtered 500 hPa anomalous winds (vectors in units of m s™) and
OLR anomalies shading in units of W m™) in the eight phases of the
QBWO.
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Table 1 Numbers and percentages of the genesis of EAMDs in different

OLR values in eight phases of the QBWO.

eastward-moving westward-moving northwestward-moving turning sum
number of EAMDs number of EAMDs number of EAMDs number of EAMDs ~ OLR<0  OLR>0
(percent) (percent) (percent) (percent) number of EAMDs

Phasel 0(0.0) 6(54.5) 4(36.4) 109.1) 5 6
Phase2 2(11.8) 5(29.4) 4(23.5) 6(35.3) 3 14
Phase3 0(0.0) 6(40.0) 6(40.0) 3(20.0) 10 5
Phase4 7(35.0) 5(25.0) 4(20.0) 4(20.0) 13 7
PhaseS 2(10.5) 8(42.1) 4(21.1) 5(26.3) 13 6
Phase6 3(37.5) 1(12.5) 2(25.0) 2(25.0) 7 1
Phase7 4(25.0) 5(31.3) 4(25.0) 3(18.8) 12 4
Phase8 1(8.3) 5(41.7) 2(16.7) 4(33.3) 4 8
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Fig. 8 Locations of the genesis of EAMDs and tracks after the genesis

times (dots and“lines), composite 10-20 day filtered 500 hPa anomalous

winds (vectors) and OLR anomalies (shading) in the eight phases of the

QBWO. The ted.dots and lines are the genesis locations and tracks of

eastward-moving EAMDs, the green dots and lines are those of westward-

moving EAMDs,

the yellow dots and lines are those of northwestward-

moving EAMDs and the blue dots and lines are those of turning EAMDs.
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Fig. 9 Locations of the genesis of EAMDs and tracks after the genesis

times (dots and-lines), composite 10-20 day unfiltered 500 hPa winds
(vectors) and OLR anomalies (shading) in the eight phases of the QBWO.
The red dots ‘and lines are the genesis locations and tracks of
eastward-moving EAMDs, the green dots and lines are those of westward-
moving EAMDs, the yellow dots and lines are those of northwestward-

moving EAMDs and the blue dots and lines are those of turning EAMDs.
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Fig. 10 Locations of- peak EAMDs and tracks after the peak times (dots

and lines), composite 10-20 day filtered 500 hPa anomalous winds
(vectors) and OLR anomalies (shading) in the eight phases of the QBWO.
The red dots.and lines are the locations and tracks of eastward-moving
EAMDs; the green dots and lines are those of westward—-moving EAMDs,
the yellow dots and lines are those of northwestward-moving EAMDs and

the blue dots and lines are those of turning EAMDs.
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