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Editorial on the Research Topic

Compound Climate Extremes in the Present and Future Climates: Machine Learning, Statistical
Methods and Dynamical Modelling

Compound extremes, namely simultaneous, concurrent, or coincident extreme hydrometeorological
events, may have broader impacts on human society and the environment than any individual
extreme alone (Hao et al., 2018; Zscheischler et al., 2018, 2020, 2021; AghaKouchak et al., 2020;
Raymond et al., 2020). There are a wide range of compound events that occur on a variety of spatial
and temporal scales: typical examples include droughts coupled with heat waves, coastal flooding
coupled with wind hazards, sea level rise and storm surge, or tropical cyclones followed by heat
waves. However, we are yet to fully understand all types of compound extremes, the dynamical and
physical processes associated with their occurrence, the framework and the methods required for
their analysis, and their likelihood within the present and future climate.

This research topic aims to advance our knowledge about the processes and dynamical linkages
associated with different types of compound extremes, to showcase the development of new
statistical methods and machine learning techniques for efficiently examining these extremes, and
to quantify the potential risks of compound extremes in the present and future climate. This
Research Topic comprises 15 articles (14 research articles and 1 review article) on extreme weather
events and compound extremes. These articles have visited compound hydrometeorological
events, extreme temperatures, extreme weather and climate events in tropical ocean basins,
climate modeling and machine learning technologies for examining extremes and their
compounding effects.

Compound hydrometeorological events under present and future climates have been examined in
this research topic. Giang et al. used pattern scaling along with the Generalized Extreme Value (GEV)
distribution to calculate changes in multi-day extreme precipitation in North Central Vietnam in
future projections under three Representative Concentration Pathways from IPCC AR5. Similarly,
an attribution analysis over the mid–lower reaches of the Yangtze River of China found that
anthropogenic warming has reduced the likelihood of 2019-like 14-days heavy precipitation by 20%,
but increased that of 2-days extremes by 30% (Nanding et al.). Wu et al. found that the fraction of
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extreme precipitation events in Guangdong preceded by hot weather
is even larger inmore populated and urbanized areas such as the Pearl
River Delta (PRD) region, and revealed significant increases in the
frequency and fraction of compound extreme heat and precipitation
events. Lai et al. examined the evolution of compound flood days
based on global precipitation and storm surge data in observations
and reported that the frequency has risen significantly on the east
coast of the US and northern Europe, but decreased significantly in
southern Europe and Japan. Zhang et al. reviewed the physical
drivers, mechanisms and methods related to compound
hydrometeorological extremes and discussed current advances in
the understanding of compound heat wave and drought (hot-dry),
compound heat stress and extreme precipitation (hot-wet), and cold-
wet, cold-dry and compound flooding. Yang et al. investigated the
responses of heat stress to temperature and humidity changes due to
anthropogenic heating and urban expansion in South and North
China. Using gauge-based precipitation observations, they found that
heavy precipitation events were the main contributor to the
increasing trend of summer precipitation over the Three-Rivers
Headwater Region (Zhao et al.). Li et al. unraveled synoptic
weather patterns that modulate warm-sector heavy rainfall in
South China. They found that the locations of six large-scale
extreme precipitation events were related to the urban
agglomerations in Guangdong–Hong Kong–Macao Greater
Bay Area.

Two papers in this Research Topic have advanced the
understanding of extreme temperatures. Ngarukiyimana et al.
examined the spatial and temporal variations of daily maximum
and minimum surface air temperature (Tmin and Tmax) and
diurnal temperature range. With high confidence, the results
indicate a significant positive trend in both Tmin and Tmax in
three study regions in Rwanda during the whole study period.
Based on observations of automatic weather stations in Beijing
during the summers of 2014–2020, Zong et al. studied the
interaction between heat waves events and the Urban Heat
Island (UHI) effect and found that latent heat flux has
increased more in rural areas because of sufficient water
availability and vegetation.

Studies in this Research Topic have also focused on developing
machine learning technologies for examining extremes. For
example, Huang et al. reported that the stacking model and
the XGBoost model performed the best in predicting solar
radiation. Wang et al. developed a new extreme detection
method for unravelling remote compound extremes in
Southeast China. Wang et al. introduced the MultiLLR ML
model and found that the subseasonal prediction skill of
China precipitation with 2–6 weeks lead time could be

enhanced. Finally, the T-mode principal component analysis
statistical approach was used to study the warm-sector heavy
rainfall by unravelling large-scale circulation patterns (Li et al.).

Works in this Research Topic have also examined extreme
weather and climate events in tropical ocean basins. For example,
footprints of the Atlantic Multidecadal Oscillation (AMO) in the
western North Pacific assessed using observations and coupled
atmosphere-ocean simulations of sea surface temperature (WNP
SST) and atmospheric states exert a significant impact on tropical
cyclone intensity (Sun et al.). Chen et al. compared the temporal
evolution of environmental conditions for Rapid Intensification
(RI) and non-RI of TCs in the South China Sea (SCS) during
2000–2018, and identified key factors for RI of SCS TCs using the
box difference index and stepwise regression.

Several future research directions for compound climate
extremes are documented: 1) projecting the risk of compound
climate extremes corresponding to future warming; 2) evaluating
the impacts of the compound climate extremes on natural and
built environments; 3) designing adaptation measures to the
changing risk of the extremes; 4) improving subseasonal-to-
seasonal prediction of these compound extremes; 5) improving
the representation and evaluation of compound climate extremes
in fully-coupled climate models; and 6) applying machine
learning and other advanced methods to understand these
extremes.
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