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ABSTRACT: Understanding the physical mechanisms behind the secular trends of summer rainfall extremes over the
heavily populated Southeast and East Asian monsoon regionsis not only of scientiÞc importance but also of con-
siderable socioeconomic implications. In this study, the relevance of the excessive-rain-producing low pressure sys-
tems (LPSs) to extreme rainfall is quantiÞed. Using an objective feature-tracking algorithm, the synoptic-scale LPSs
are identiÞed and tracked in the 40-yr ECMWF interim reanalysis. The region experiences approximately 16 ter-
restrial and 18 marine LPSs each summer. The terrestrial LPSs form near the downwind side of the Tibetan Plateau
and travel northeastward toward jet latitudes. The marine LPSs form over the western North PaciÞc Ocean and
migrate along the western periphery of the subtropical high. While both types of LPSs account for a large portion of
upper-tail rainfall, the terres trial LPSs predominantly impact the extreme rainfall over inland areas, and the marine
LPSs primarily affect the coastal regions where they frequently make landfall. The historical extreme rainfall trend
during 1979Ð2018 aligns with the changes in LPS tracks. The decreasing number of northeastward-moving terrestrial
LPSs leads to an extreme rainfall dipole with negative trends in north-central China and positive trends in southern
China, while the increasing number of northward-recurving marine LPSs enhances the extreme rainfall in the eastern
China coast but suppresses it over the South China Sea. These trends are driven dynamically by the weakening of the
monsoonal southwesterlies and the eastward retreat of the subtropical high, which might be attributable to anthro-
pogenic forcings.
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1. Introduction

Investigating the physical processes underlying the long-
term changes in extreme rainfall has profound socioeco-
nomic implications, especially for the densely populated
Asian monsoon regions. The synoptic low-pressure systems
(LPSs), which occur frequently over the Asian summer
monsoon regions, are among the most important weather
systems for producing excessive precipitation and hazardous
ßoods that cause severe damages to human lives and prop-
erties (e.g., Pfahl and Wernli 2012; Hurley and Boos 2015;
Singh et al. 2019). In the present study, the LPSs are broadly
deÞned as synoptic-scale cyclonic vortices with atmospheric
pressure lower than the surrounding areas. In the Southeast
and East Asian monsoon regions, the most well-known LPSs
are tropical cyclones (TCs), which form over the western
North PaciÞc (WNP) and migrate along the southern and
western periphery of the subtropical high. To what extent
the WNP TCs shape the regional rainfall characteristics has
received considerable attention. Based on various satellite
and rain gauge measurements, it is generally accepted that
TCs account for 40%Ð50% of the summer rainfall totals and
around 70% of the rainfall extremes in the coastal regions
where TCs typically make landfall (Jiang and Zipser 2010;
Guo et al. 2017). However, the impact of TCs in these re-
gions is largely constrained to a narrow stretch along the
shoreline (e.g., Khouakhi et al. 2017; Liang et al. 2017;
Zhang et al. 2018).

In addition to TCs formed over open oceans, LPSs that
originate over land are particularly active in the East Asian
monsoon region owing to the mechanical forcing of the plateau
orography and the humid, convectively unstable monsoon
environment (Wang and Orlanski 1987; Wang et al. 1993).
SpeciÞcally, the Tibetan Plateau splits the midlatitude west-
erlies into two branches north and south of the plateau. The
resulting cyclonic vorticity cell downstream of the southern
branch enhances the occurrence of vortex disturbances (e.g.,
Wu et al. 2007). The two branches converge around 1000 km
east of the plateau where the monsoonal southwesterlies de-
liver warm and moist air northward, creating strong meridional
and vertical equivalent potential temperature gradients on
the equatorward ßank of the subtropical jet entrance. These
conditions work together to provide a large-scale environment
conducive to cyclogenesis over the downwind side of the
Tibetan Plateau. In the local meteorological community, the
land-based LPSs are referred to as the Southwest Vortex, Jiang-
Huai Cyclone, Huang-Huai Cyclone, etc., based on their speciÞc
genesis locations. Although these terrestrial LPSs have long been
recognized as important drivers of extreme rainfall, observation-
based track archives are not readily available partly owing to the
lack of rigorous identiÞcation criteria and the dearth of long-term
observations. Most existing studies examined the structure and
impact of these storms based on a single event or very short rec-
ords (e.g.,Tao 1980;Tao and Ding 1981;Wang et al. 1993). We are
not aware of any thorough investigations that have analyzed a
large number of systems, except thatFu et al. (2014) and Feng
et al. (2016)assessed the climatology of southwest vortices using
the Climate Forecast System Reanalysis (CFSR). The spatial andCorresponding author: Yujia You, yujia@ldeo.columbia.edu

1 FEBRUARY 2021 Y O U A N D T I N G 1147

DOI: 10.1175/JCLI-D-20-0206.1

� 2021 American Meteorological Society. For information regarding reuse of this content and general copyright information, consult the AMS Copyright
Policy (www.ametsoc.org/PUBSReuseLicenses).

�%�U�R�X�J�K�W���W�R���\�R�X���E�\���&�R�O�X�P�E�L�D���8�Q�L�Y�H�U�V�L�W�\���_���8�Q�D�X�W�K�H�Q�W�L�F�D�W�H�G���_���'�R�Z�Q�O�R�D�G�H�G���������������������������������$�0���8�7�&
































