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Abstract The relationship between the tropical intraseasonal oscillation (ISO) and
the intraseasonal variation of the South Asian high (SAH) in boreal summer and
associated physical mechanisms are investigated by using both the observational
analysis and numerical model experiments. The results indicate that the intraseasonal
variation of SAH is closely related to tropical 1ISO activity. The eastern edge of SAH
shifts westward when the active phase of the tropical ISO appears in the Indian Ocean
(including Phase 1, 2 and 3), and shifts eastward when the 1SO appears in the Pacific
(including Phase 5, 6 and 7). The most sensitive region in response to the tropical 1ISO
forcing is over the eastern part of SAH, which is the region connecting East Asia and
western Pacific (1109140€, 1599259N). The vertical profile of tropospheric
atmosphere in the region exhibits a baroclinic structure. An eastward extension
(westward retreat) of the eastern edge of SAH corresponds well to an eastward retreat
(westward extension) of the western edge of the western Pacific subtropical high
(WPSH) in the middle and lower troposphere. The intraseasonal variability of SAH is
primarily affected by the tropical 1SO. About 40% of the variability in the key region
is attributed to the tropical I1SO, whereas the influence of the SAH on the tropical ISO
is weak. The physical processes by which the tropical ISO affects SAH are
summarized as follows. As the tropical ISO moves from the Indian Ocean to the
western Pacific, it also propagates northward under the favorable summer monsoon
background state. To the northwest of the ISO heat source, cyclonic circulation and
negative height anomalies (anticyclonic circulation and positive height anomalies)
appear in the lower (upper) troposphere, which leads to the eastward extension of
SAH. However, when the tropical 1SO appears in the Indian Ocean, the atmospheric
circulation response is in general opposite to the above, leading to the westward
retreat of SAH.

Keywords  Tropical intraseasonal oscillation (ISO), South Asian high (SAH),
Eastern edge of SAH, Baroclinicity, Eastward extension, Westward retreat
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Fig. 1 The zonal distribution of the following variables near the ridge of South Asia
high (259359 average) at 100 hPa in boreal summer: the geopotential height (red
dashed line, left ordinate, unit: dagpm), the percentage of the intraseasonal standard

deviation of the original geopotential height (purple solid line, the first right ordinate),
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the correlation coefficient of intraseasonal component between the geopotential height
and the longitude of the eastern ridge point (red solid line, the second right ordinate),
and the intraseasonal standard deviation of geopotential height (black solid line, the

first right ordinate, unit: gpm)

HR4E MIO 8 MR 43 HEAT A o 1T, 18] 2 72 100 hPa B U= [k AR R 42
P8 (A ERIEED MEE. ATEH, REAIEEEE MIO AiAH AR T
FEA IR, 75 MIO B 1. 2. 3ALH CERRNENEEVERIARD REURAL, 25 5.
6. 7 fiAH CERATERFREALARD fadiuE, 58 4. 8 AAH NI fI4H. 200 hPa
PV R e 2R 8 R FE AL B MIO RLAH IS 100 hPa e IV o AH M 45011 78
AL (IR ). Tk BH R W 5 FE AR RUA B 2 MJO i I, B MJO 4T
ERRERE RSP AAH, TR e A8 mUPE R (AR D

147
142

137 -

T T T T T T T

127 -

122 -

Kl 2 100 hPa Fg 0 R AR H mZ EERE MJIO AR (R ALFRS MJIO 1747
T, HPAARNERE, BACED

Fig. 2 Longitude of the eastern ridge of the South Asian high at 100 hPa at the eight
MJO phases. Abscissa is MJO phase number, and ordinate is longitude (unit: E)
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Fig. 3 (a) Composite characteristic contours (16720 gpm isoline) of the South Asian
high at 100hPa for the long-term climatology (black) and during the MJO phases over
the Indian Ocean (blue dashed) and the Western Pacific (red solid). (b) Difference
distribution of the geopotential height at 100hPa between the MJO phases over
Western Pacific and Indian Ocean (area greater than 2.0 dagpm is color-shaded). Red
contour denotes the climatological characteristic contour of the South Asian high in

boreal summer
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Fig. 4 The MJO phase distribution during the peak (red) and minimum (black) phases

of the intraseasonal oscillation of the South Asian high for the period of 1979-2013.

Radius of the black circle is 1, and the points outside (inside) of the circle represents a

strong (weak) MJO
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Table 1 Number of days during the peak, minimum and normal phases of

intraseasonal oscillation of the South Asian high and associated MJO activity
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Fig. 5 (a) The composite difference of vertical-meridional profile of the intraseasonal
geopotential height field averaged over the East Asia-West Pacific sector (1109140E )
between the MJO phases over the Western Pacific and the Indian Ocean. Positive
(negative) anomaly greater than 15 gpm (less than -10 gpm) is shaded with yellow
(purple) color. (b) Meridional distribution of the intraseasonal geopotential height

difference field at 100 hPa (red dotted line, left ordinate) and 850 hPa (black solid
lines, right ordinate)
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Fig. 6 (a) The composite difference of vertical-zonal profile of the intraseasonal
geopotential height field averaged over 15259 between the MJO phases over the
Western Pacific and the Indian Ocean. Positive (negative) anomaly greater than 15
gpm (less than -10 gpm) is shaded with yellow (purple) color. (b) Zonal distribution of

the intraseasonal geopotential height difference field at 100 hPa (red dotted line, left
ordinate) and 850 hPa (black solid lines, right ordinate)
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Fig. 7 Composite characteristic contours of the geopotential height field at (a) 100 hPa
(1672 dagpm isoline), (b) 500 hPa (588 dagpm isoline) and (c) 850 hPa (148 and 152
dagpm isolines) during the MJO phases over the Indian Ocean (blue dashed) and the
Western Pacific (red solid). Black thick solid contour in (a), (b) and (c) denotes the

long-term climatology in summer
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Fig. 8 The vorticity (contour, unit: 10° s%), wind (vector, unit: m s™) and zonal wind
(westerly or easterly winds greater than 15 m s are shaded) fields at 100 hPa in
summer (June-August). Red thick solid denotes the South Asian high characteristic

contour, and red dot line denotes the ridge of the South Asian high. (a) is derived from
NCEP -DOE analysis, and (b) is from ECHAM 4.6 simulation
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Fig. 9 Longitude of the eastern ridge of the South Asian high at MJO phases 1-3 (over

the Indian Ocean) and 5-7 (over the Pacific) derived from (a) ECHAM 4.6 simulation
and (b) NCEP -DOE analysis
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Fig. 10 Percentage difference (%) of standard deviation of various intraseasonal
variables between the second sensitivity experiment and the control experiment
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Fig. 11 Percentage difference (%) of standard deviation of various intraseasonal
variables between the third sensitivity experiment and the control experiment
averaged over the whole tropical belt (‘Tropical’, 02360FE, 15B-15N) and the
Eastern Hemispheric tropical belt (‘TropicalE’, 0L180E, 15T-15N)
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minus 850 hPa zonal wind, unit: m s™) (a), OLR (units: W m™) (b), and column
integrating heating rate (i.e. Q1/Cp, units: K s™) (c) averaged over the East Asia-West
Pacific sector (110<140E) in summer
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