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Vertical Vorticity Structure Associated with the Boreal Summer
Intraseasonal Oscillation: Barotropic or Baroclinic?
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Abstract This study investigates the reason why the barotropic vorticity structure prevails
vertically in response to the enhanced convection associated with the boreal summer
intraseasonal oscillation over the central Indian Ocean. The relative vorticity tendency analysis
for a 2.5-layer simplified model demonstrates that the barotopic vorticity structure is
predominant due to the following two factors: 1) vertical easterly shear on the meridional
gradient of barotropic divergence (which induces generation of barotropic vorticity twice larger
than that of baroclinic vorticity); and 2) vertical easterly shear on the meridional gradient of
baroclinic divergence (which appears only in relation to the generation of barotropic vorticity).
The percentage of contribution by each term to barotropic and baroclinic vorticity tendency

equations is presented.

Keywords: BSISO (boreal summer intraseasonal oscillation), barotropic vorticity, baroclinic
vorticity, barotropic divergence, baroclinic divergence
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A Zgoll et 7] ehe] AF 2 a9 e 2

Centre for Medium-Range Weather Forecasts: ECMWF)
oA AlFshe 40 A A= (ECMWF 40 years
Reanalysis Data: ERA-40)E A3t} 594 94
7S EREE A5HE Aelstar, 19799FE 2001
W7kA & 23d7F Ao ot E"ﬂ < 73 25
dollA 80Y F719 Al2dnt &3] 8 RE W
Foll 71 #e AAS ¥, FIZ= HEY (Lanczos
filtering)S 2-&A|ZTh (Duchon 1979).
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(a) ¢' at 850hPa & OLR' averaged over [75°— 95°E]

(b) ¢' at 200hPa & OLR' averaged over [75°—
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Fig. 1. Time - Latitude cross section of OLR (Colors, Units: W m™2), (a) the relative vorticity at 850 hPa (Contours, intervals:
0.5 x 107%s™), and (b) relative vorticity at 200 hPa (Contours, intervals: 0.3 x 107°s™") regressed onto time-series averaged over
Indian Ocean (75°-95°E). Note that the blue (red) indicates the enhanced (suppressed) convection. Solid line means cyclonic

(anti-cyclonic) vorticity in Northern (Southern) Hemisphere, and the gray line means zero.
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Fig. 2. Time-Latitude cross section of OLR (Colors, Units: W m ), (a) the barotropic mode of the relative vorticity (Contours,
Units: s, and (b) the baroclinic mode of the relative vorticity (Contours, Units: s™') regressed onto time-series averaged over
Indian Ocean (75°-95°E). Note that the blue (red) indicates the enhanced (suppressed) convection. Contour’s interval is

0.3 x 107, solid line means cyclonic (anti-cyclonic) vorticity in Northern (Southern) Hemisphere, the grey line means zero.
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Fig. 3. The generation of (a) barotropic vorticity, and (b) baroclinic vorticity obtained from the equation of barotropic and
baroclinic vorticity at Day 0. The interval of the tendency of vorticity is 1 x 107" s Box indicates a region where the relative
vorticity by BSISO mainly occurs.
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Fig. 4. The quantity of (a) vertical shear on the meridional gradient of barotropic divergence, (b) vertical shear on the
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intervals are 0.5 x 107" s™ Box indicates a region where relative vorticity by the BSISO mainly develops.
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Table 1. Fractional percentage (%) of each term
contributing to the generation of barotropic and baroclinic
vorticity.
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