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Abstract This paper reviews recent progress in understanding isentropic potential vorticity (PV) dynamics during interactions
between the stratosphere and troposphere, including the spatial and temporal propagation of circulation anomalies associated
with the winter polar vortex oscillation and the mechanisms of stratosphere-troposphere coupling in the global mass circulation
framework. The origins and mechanisms of interannual variability in the stratospheric circulation are also reviewed. Particular
attention is paid to the role of the Tibetan Plateau as a PV source (via its thermal forcing) in the global and East Asian atmos-
pheric circulation. Diagnosis of meridional isentropic PV advection over the Tibetan Plateau and East Asia indicates that the
distributions of potential temperature and PV over the east flank of the Tibetan Plateau and East Asia favor a downward and
southward isentropic transport of high PV from the stratosphere to the troposphere. This transport manifests the possible in-
fluence of the Tibetan Plateau on the dynamic coupling between the stratosphere and troposphere during summer, and may pro-
vide a new framework for understanding the climatic effects of the Tibetan Plateau.
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Fig. 2 A series of vertical-time cross-sections showing
lead/lag regressions of isentropic temperature anomalies

(shading, unit: K) and zonal wind anomalies (contours, m/s)
against the PVO index (The abscissa shows the lead-time
relative to a PVO event. The anomalies are averaged over the
PVLAT band indicated by the text to the right of each panel.
The dotted black, solid black, and white contours show

positive, zero, and negative values, respectively)
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Fig.3 15-day running mean composite isentropic anomalies (temperature in K in shading;
zonal wind in m/s in contours) as a function of PVLAT (abscissa) and time (ordinate)
averaged between (a) the 400 and 650 K isentropic surfaces and (b) the 270 and 290 K

isentropic surfaces poleward of 30°N and the 280 and 300 K surfaces equatorward of 30°N

(The time axis covers two PVO cycles, and is labeled in unit of day.

The solid black line in (b) indicates the position of 30°N. Zero contours are omitted for clarity.
The contours in (b) are plotted at 0.1, 0.4, and 0.7 m/s (solid white) and — 0.1,
—0.4, and —0.7 m/s (dashed black). The composites shown here are based on the

relative intensity of the PVO index; Cai, et al, 2006, 2007)
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Fig.4 Vertical-time cross-sections of 15-day
running mean composite anomalies of (a) isentropic
temperature (unit: K), (b) static stability (unit; s %),
(¢) zonal wind (unit; m/s), (d) isentropic PV (unit; PVU),
and (e) Montgomery potential (unit; m*/s*)
averaged between 60° and 90°N (Positive anomalies
are shaded. The abscissa is the timeline of a
composite PVO event in days. The ordinate is the
isentropic vertical coordinate in K. The vertical scale is
enlarged slightly between 270 and 300 K as indicated
by the heavy horizontal line; Cai, et al, 2007)
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Fig.5 Latitude-time cross-sections of 15-day
running mean composite mass anomalies
(unit;: kg) (a) above 550 K, (b) below the
lowest isentropic surface (270 K), and
(¢) integrated over the total column
(Positive anomalies are shaded.

The abscissa is the timeline of a composite

PVO event in days, and the ordinate in (a)
and (b) is PVLAT;Cai, et al, 2007)
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Fig. 6 Schematic diagrams showing the evolution of the circulation
across a baroclinic zone based on semi-geostrophic frontogenesis theory
(The top panel shows an earlier time, the bottom panel shows a later
time with a more leveled baroclinic zone. The red lines are isentropic
surfaces (03>0,>>0,). The curved block arrows indicate
the advance of warm air associated with the cross-frontal circulation
(black arrows), and blue triangle wedges represent the advance of
cold air near the surface. Circles with a "dot" inside indicate a westerly
anomaly and circles with a "cross" indicate an easterly anomaly.

The abscissa represents a latitude coordinate from south to north
and the ordinate represents a pressure

coordinate increasing downward; Cai, et al, 2006)
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Fig. 7

(a) Auto-regression of the Nino3 index, and lead/lag regressions of

(b) stratospheric mass anomalies in the isentropic layer between 430 and 700 K

(shaded, unit: kg/m?) and (¢) stratospheric temperature anomalies averaged
between 30 and 100 hPa (shaded, unit: K) against the winter filtered Nino3 index
(The lead time of the index is varied from — 18 to + 18 months. Dashes
indicate 90% confidence levels; Ren, et al, 2012)
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Fig. 8 Differences in 200 hPa stream function between a control experiment (CON) and

an experiment with no surface sensible heating over the summer TP (NSH)

(Red vectors mark the Rossby wave trains; Wu, et al, 1997)
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Fig. 9 Vertical cross-sections of potential temperature (thin lines, unit: K), potential vorticity
(thick lines, unit; PVU), and meridional PV advection (shaded, unit; PVU/s) averaged over
(a) 90° = 115°E and (b) 150°E — 135°W. The differences between these two regions

are shown in panel (¢). The topography of the plateau over 75° — 105°E is shown as

grey shading, and the approximate location of the tropopause is shown as green dashes
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