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Abstract The daily high-resolution gridded station-observed rainfall over China and NCEP-DOE AMIP-II atmospheric
reanalysis datasets for the period 1979-2015 are used to investigate the impact of the 30-60-day atmospheric
intraseasonal oscillation (ISO) over the Asian monsoon region on persistent anomalous rainfall over the middle and lower
reaches of the Yangtze River (MLYR). The interaction between ISOs over two sub-monsoon areas of South Asia and East
Asia as well as the physical mechanism for the ISOs to jointly influence persistent extreme rainfall over the MLYR are
revealed. Composite analyses demonstrate that the ISO over the South Asian monsoon region interacts with its
counterpart over the East Asian monsoon region through upper-level divergent flows. During phases 1-3 (5—7) of the
ISO, active (inactive) convection anomalies propagate northward from the equatorial Indian Ocean to the Indian
Subcontinent—Bay of Bengal. The accompanied divergence (convergence) anomalies in the upper troposphere cause
anomalous convergence (divergence) downstream over the South China Sea—western North Pacific (SCS—WNP) through
compensation effect, leading to anomalous descents (ascents) locally over the SCS—WNP, and therefore is favorable for
the development and persistence of anomalous inactive (active) convection anomalies. Such inactive (active) convection
anomalies are characterized by prominent baroclinic divergence structure and further trigger a meridional-vertical
circulation cell between the SCS and the Yangtze Basin, resulting in anomalous ascents (descents) and low-level moisture
convergence (divergence) over the MLYR. As a consequence, positive (negative) rainfall anomalies continuously arise
over the MLYR with the occurrence probability of extreme rainfall significantly increasing (decreasing), favorable
(unfavorable) for the occurrence of persistent extreme rainfall events. Moreover, the intensity of ISO over the Asian
monsoon region exhibits strong interannual variations and further modulates the frequency and duration of persistent
extreme rainfall events over the MLYR. In strong (weak) ISO years, more (fewer) persistent extreme rainfall events occur
over the MLYR and the duration is longer (shorter).

Keywords Persistent extreme rainfall, Atmospheric intraseasonal oscillation, Interannual variation
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Fig.1 Phase-space representation of strong atmospheric intraseasonal
oscillation (ISO) event determined by standardized SADI (South Asian
Dipole Index) and EADI (East Asian Dipole Index) for the period 26
June-14 August 1996. Each marker (star or dot) represents the ISO
activity over the Asian monsoon region on a particular day, with the
distance from the origin of coordinates to each marker [d= (SADI* +
EADI?)'"?] indicating the amplitude of the ISO. Note that the circle
surrounding the origin of the coordinates denotes the amplitude equal
to 1 (d=1), thus the weak 30-60-day ISO refers to its amplitude less
than 1. Star (open dot) indicates the start (termination) time of the ISO,
with the dates of the first day for every ten days being marked
alongside the corresponding solid dot such as 7.01 for 1 July 1996. The
eight defined phases of ISO from Phases 1 to 8 are shown for each
quadrant of the phase-space, with each quadrant corresponding to the

approximate location where anomalous active convection occurs
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the OLR and wind anomalies statistically significant at the 5% significance level are shown
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Fig. 3 Composite evolution of 30-60-day filtered 200-hPa divergence (shading, units: 107 s™') and divergent wind (vectors, units: m s™') anomalies

over the Asian monsoon region during a strong ISO cycle for (a—h) phases 1-8 in boreal summer (1 May to 31 October) for the period 1979-2015.

Only the divergence and divergent wind anomalies statistically significant at the 5% level are shown. The magnitude of the reference vector is

provided at the bottom right
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Fig. 4 Composite evolution of 30-60-day filtered rainfall (shadings, units: mm day™') anomalies over China during a strong ISO cycle for (a-h)

phases 1-8 in boreal summer (1 May to 31 October) for the period 1979-2015. Only the rainfall anomalies statistically significant at the 5% level are

shown. Crossings indicate the regions where the occurrence probability of extreme precipitation is greater than 10% and is statistically significant

at the 5% level
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Fig. 5 Composite evolution of 30-60-day filtered 500 hPa vertical motion (shadings, units: 102 Pa s™') and 850 hPa moisture flux (vectors, units:

107 m s™') anomalies over eastern China during a strong ISO cycle for (a—h) phases 1-8 in boreal summer (1 May to 31 October)

2015. Only the vertical motion and moisture flux anomalies statistically significant at the 5% level are shown

for the period 1979—
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Fig. 6 Pressure-latitude cross sections (averaged along 110°~120°E) of composite 30—-60-day filtered wind vectors (meridional divergent wind in
10" m s, o in 107 Pa s7') and divergence (color scale, units: 107 s') anomalies during a strong ISO cycle for (a-h) phases 1-8 in boreal summer (1
May to 31 October) for the period 1979-2015. The dot-hatching indicates the regions where both the wind and divergence anomalies are statistically

significant at the 5% level
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Asian summer monsoon region identified during the
period 1979-2015

The list of strong and weak ISO years for the
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Fig. 7 Composite evolution of occurrence probability of extreme rainfall over China during a strong ISO cycle for (a~h) phases 1-3 in boreal
summer (1 May to 31 October) for the period 1979-2015. Dot-hatching indicates the regions where the occurrence probability of extreme
precipitation is statistically significant at the 5% level. (d)—(f) As in (a)—(c), but for the composite situation of weak ISO cycle
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Table 2 The list of persistent extreme rainfall events over the middle and lower reaches of Yangtze River valley caused

by strong ISO events over the Asian summer monsoon region within phases 1-3 during strong and weak ISO years

ISO S AT H T a4 452 P A g K S A1

ISO i G5 AT T il 2 P AR i e K A

iEhn H 4R H LI TR /d e hn H 4R H LI TR]/d
1984-08-31 1984-09-02 3 1983-06-19 1983-06-21 3
1996-05-31 1996-06-02 3 1997-06-22 1997-06-24 3
2000-06-06 2000-06-11 6 2011-06-04 2011-06-07 4
2001-06-10 2001-06-13 4
2009-07-01 2009-07-03 3
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Fig. 10 Occurrence frequency (units: d a™') of extreme precipitation caused by strong ISO events within phases 1-3 during (a) strong and (b)
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Fig. 11

rainfall anomalies over the middle and lower reaches of the Yangtze River (MLYR). The dashed arrows indicate anomalous vertical motions in

Schematic diagram showing the key physical processes of how ISO over the Asian summer monsoon region modulates the 30-60-day

associated with ISO over the Asian summer monsoon region, and the red/blue shadings represent corresponding upper-level/lower-level divergence.
The black thick arrow at 200 hPa shows the divergent flow from the upper-level divergence center over the SASM region to the convergence center
over the South China Sea—western North Pacific (SCS-WNP). The gray thick arrows indicate the divergent flows over the MLYR, which are induced
by the baroclinic divergence pattern over the SCS-WNP due to the compensation effect. The red arrow indicates the consequently anomalous ascents
over the MLYR. The green thick arrow shows the enhanced moisture transport on the northwestern side of the anomalous anticyclone over the SCS—

WNP. Due to the anomalous ascents and moisture transport, the green shading indicates the resultant positive rainfall anomalies over the MLYR
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