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Excessive Tibetan Plateau Spring Warm-
ing Found to Cause Catastrophic June
2024 Precipitation in Southern China and
Bangladesh—A Typical LS4P Scenario

Yongkang Xue' and Aaron Boone?

"University of California, Los Angeles (UCLA), USA; 2CNRM,
Université de Toulouse, Météo-France, CNRS, France

In June 2024, relentless deadly rainfall lashed southern China
and Bangladesh, threatening millions with severe flooding.
The precipitation in the Yangtze River Basin from June 10
to 30" was about 50% above the long-term average, making
June 2024 the wettest June in Southern China since 1980.
The events drew worldwide attention due to their devastating
societal and economic impacts (Figures 1, 2¢).

No operational season prediction forecast system in the world
predicted or simulated such extreme events last year. For in-
stance, since sea surface temperature (SST) is traditionally
considered as a key factor in climate and weather predictions,
we tested the effect of May and June SST on the June 2024
events using the National Center for Environmental Research
(NCEP) Global Forecast System (GFS) coupled with the
Simplified Simple Biosphere Model (SSiB) land model (GFS/
SSiB). We found that SST attributed only 17% of the ob-
served rainfall anomaly in Southern China, and no heavy rain-
fall in Bangladesh was predicted (Li et al., 2025). There was no
plausible explanation being openly proposed in the scientific
community and reported in public for the events until the
GEWEX initiative Impact of Initialized Land Surface Temper-
ature and Snowpack on Subseasonal-to-Seasonal Prediction
(LS4P, Xue et al., 2021) organized a study to explore the cause
and mechanisms (Li et al., 2025). LS4P aims to explore a new
approach for subseasonal-to-seasonal (§2S) prediction by uti-
lizing spring land surface temperature/subsurface temperature
(LST/SUBT) anomalies over high-elevation regions such as
the Tibetan Plateau (TP) and the Rocky Mountains to predict
late spring and summer downstream droughts or floods.

Since 2018, LS4P has conducted a series of investigations to
identify a lagged relationship between spring land tempera-
tures over the TP and Rocky Mountains and downstream
summer precipitation over East Asia, North America, and
other regions. Specifically, the findings indicated that when
the TP experiences a warm or cold spring, southern China is
likely to experience a wet or dry summer, respectively (Xue
et al., 2022, 2024). In June 2024, as record-breaking rainfall
began to develop in Southern China, LS4P scientists found
excessively warm TP spring land temperatures, which were
the warmest since 1980, and hypothesized the heavy June
rainfall in Southern China was a typical scenario, established
in previous LS4P findings (Xue et al., 2022, 2024). During
the LS4P Side Meeting at the 2024 GEWEX Open Science
Conference (July 7-12) in Sapporo, Japan, a group of LS4P
scientists volunteered to collaborate on an investigation of the
cause of the June 2024 extreme event in near real-time, aim-
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Figure 1. Relentless deadly June 2024 rainfall lashes southern China and Bangladesh as flooding threatens millions. Left and middle panels from China

Hunan Meteorology; right panel from the Dhaka Tribune

ing to provide a timely explanation to both the scientific com-
munity and the public.

Using the same atmosphere-land coupled model (i.e., the
GEFS/SSiB) for the SST study, near real-time experiments were
conducted. The National Oceanic and Atmospheric Adminis-
tration (NOAA) database provided timely initial and bound-
ary conditions for the model simulations. However, the origi-
nal model simulation was unable to reproduce the observed
2-m surface temperature (T-2m) anomalies over the TP and
the extreme June precipitation. One of the biggest challenges
in this study was to reproduce the observed extreme warm
temperatures over the TP. LS4P Phase I (LS4P-I) research had
previously shown that both global models and reanalysis data
sets (which provide atmospheric and surface initial conditions
for global models) systematically failed to capture May tem-
perature anomalies over the TP, leading to underestimation
of anomalous June rainfall in Southern China and exhibiting
severe biases (Xue et al., 2021).

To address this, we adopted a land-state initialization ap-
proach, developed in LS4P-I and based on the observed T-2m
anomaly and model biases over the TP (Xue et al., 2021). This
approach successfully reproduced most of the observed May
2024 T-2m anomalies over the TP (Figures 2a and 2b): the
model simulated approximately 55% of the observed extreme
June rainfall anomaly in Southern China (Figures 2¢ and 2d).
Moreover, the experiment realistically simulated the observed
precipitation anomalies over other regions. Notably, about
90% of the observed heavy rainfall in Bangladesh was simu-
lated—an important outcome, as Bangladesh experienced
devastating June floods with widespread media coverage that
reported an initially unclear cause. In addition, abnormally
wet conditions over the eastern TP and southern Japan, and
dry conditions over northern China, were also captured in the
simulation (Figure 2d), which were consistent with the obser-
vations (Figure 2¢).

The results over Southern China and Bangladesh passed a
more stringent field significance test, which accounts for
multiplicity and spatial correlation effects, indicating that
these results did not occur by chance. A detailed discussion
on these results was published in Science Bulletin (Li et al.,
2025). The LS4P scientists finished the experiments in August

2024 and submitted the paper in September. The paper was
accepted in December and published in January 2025. It typi-
cally takes years to identify the causes of climate-related cata-
strophic events. Our ability to determine the primary driver
of the June 2024 extreme summer hydroclimate event in such
a short timeframe underscores the robustness of the LS4P ap-
proach. A schematic diagram was developed to illustrate how
subseasonal processes, influenced by remote TP spring land
temperature anomalies, affect downstream summer precipita-
tion (Li et al., 2025). This synthesis integrates findings from
both this study and LS4P’s previous comprehensive analyses
(Xue et al., 2024).

S2S precipitation prediction skill has remained stubborn-
ly low for years for late spring and summer, which encom-
passes a substantial number of extreme hydroclimate events.
To tackle this challenge, the World Meteorological Organi-
zation (WMO) launched the $2S Prediction Project, which
focuses on improving predictions for timescales ranging from
2 weeks to 3 months. Among various influencing factors, the
combined effect of land initialization and configuration have
been identified as one of the key elements with the potential
to significantly enhance S2S predictions. While many land
variables such as albedo, soil moisture, snowpack, and vegeta-
tion have been utilized for climate and weather predictions
since the 1970s, the memory effect of land temperature on
S2S predictions has been largely overlooked, despite the fact
that the T-2m measurements have the highest quality among
land variables, with the longest meteorological observational
records, global coverage, and dense measurement networks.

The LS4P team, comprising leading climate and weather pre-
diction and research centers from many different countries,
has made great strides in demonstrating the critical role of
high-mountain land temperature anomalies in S2S predic-
tions. The project has published numerous peer-reviewed
papers and contributed to a special issue in Climate Dynam-
ics titled “Sub-seasonal to Seasonal (S2S) predictability and
Land-induced Forcing”, featuring 17 papers. Supported by
GEWEX, LS4P’s accomplishments represent a major contri-
bution to advancing S2S prediction—a field that is scientifi-
cally challenging, yet critically relevant to society. The LS4P
S2S work opens new avenues for improving S2S prediction
for operational applications, which is increasingly important
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Figure 2. Observed and Simulated 2m-temperature (T-2m, °C) and precipitation (mm/day) anomalies. (a) Observed May T-2m anomaly; (b) GFS/
SSiB2 simulated May T-2m anomaly after soil temperature initialization over TP. (c) same as (a), but for the June 2024 precipitation anomaly. (d)
Simulated June precipitation anomaly due to TP LST/SUBT effect. Note: (1). The dotted grids denote the statistical significance based on the Student
T-test at the p < 0.1 level. (2). The grey bold 4000m contour lines illustrate the approximate TP geographic location. (3). The numbers in panels are
averages of corresponding variables over the TP in panels (a) and (b) and over the red box in panels (c) - (d). The values in parentheses in (d) indicate

the percentage anomalies produced by TP LST/SUBT anomalies

given the rising frequency of anomalous meteorological events
observed worldwide.

LS4P is currently working on the Phase-II experiments, which
explore the effect of LST/SUBT in both the Rocky Moun-
tains and the TP on droughts and floods across North Amer-
ica, East Asia, and other regions. Preliminary results from a
few LS4P groups suggest that spring LST/SUBT anomalies
in these high-altitude regions influenced both the catastrophic
1998 summer flood in Southern China and the severe drought
in the Southern Great Plains of the U.S. We welcome new
research groups to join this effort.

Despite its promise, the LS4P approach has yet to gain full rec-
ognition within the broader scientific community, where tradi-
tional SST-based methods still dominate. However, the 2024
extreme rainfall study reinforces LS4P’s validity (Xue et al,,
2024), demonstrating that excessive TP spring warming was
the primary factor behind the catastrophic June 2024 rainfall
in Southern China and Bangladesh. While many unresolved
challenges still remain with its new approach, the LS4P team
hopes their paper in Science Bulletin will stimulate further re-
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search using diverse methodologies to enhance S2S prediction
of extreme hydroclimate events and increase public awareness
of the latest advancements in this field made by LS4P scientists.
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