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IBS Conference on Global Monsoon Systems WELCOME MESSAGE

Despite decades of research, many fundamental questions remain unresolved. These include:

Welcome Message

- persistent rainfall biases in coupled general circulation models

- the dynamics and predictability of active and break cycles

- the origin of multidecadal rainfall trends in the tropics

- the role of aerosol forcing in monsoon rainfall

- the influence of transbasin coupling on monsoon systems

- the effects of vegetation on regional monsoons

- the influence of extratropical processes on monsoon systems

- the emergence of compound extremes in monsoon regions

- the impact of local terrain, such as the Western Ghats, on large-scale rainfall patterns

- the effects of parameterized convection on extreme rainfall

- the response of monsoon systems to paleoclimate forcings

Addressing these questions (and many others) is important for improving hydroclimate projections relevant to

Axel Timmermann
Dear COI Ieagues agriculture, water security, human mobility, and ecosystems.
Organizer
Director, IBS Center for Climate Physics To broaden perspectives and encourage further discussion and collaboration, we have merged the IBS Conference

Distinguished, Professor, PNU ) . . L ) .
Monsoon rainfall affects the livelihoods of more than 1.5 on Global Monsoon Systems with the East Asian Climate Workshop. This joint conference brings together expertsin

billion people worldwide. Understanding how it varies atmospheric science, climate modeling, hydrology, oceanography, and paleoclimate to advance our understanding

across intraseasonal to multidecadal timescales. and of monsoon systems, including the variability and predictability of global and regional monsoons, as well as their

how it will respond to greenhouse warming, is necessary sensitivityto pastand future forcings.

to develop effective regional adaptation strategies and We hope our conference will provide a stimulating platform for exchanging ideas, fostering new collaborations, and
reduce the impacts of flooding and drought. learning from one another.

Finally, the IBS Center for Climate Physics is pleased to celebrate its 10th anniversary with you.
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IBS Conference on Global Monsoon Systems

PROGRAM

DAY 1, AUGUST 10"

Keynote Speaker Invited Talk

DAY 2, AUGUST 11*"

SESSION 2

Regional monsoons: dynamics and predictability

PROGRAM

CHAIR: Sun-Seon Lee

Time Program / Speakers Abstract Title
08:00-09:00 Registration
09:00-09:10 Axel Timmermann/Kyung-JaHa Welcome Remarks
SESSION 1 Global monsoon system: variability and forced responses CHAIR: June-YiLee
09:10-09:40 Bin Wang Global Monsoon Response to External Forcing and Internal Feedback
09:40-09:55 TimLi Multi-scale Variabilities and Interactions in the Global Monsoon
09:55-10:10 Jonathon Wright The Changing Asian Monsoon Overturning: Perspectives from LESFMIP
Distinct Impacts of the Boreal Summer Asian—Australian Monsoon and Tropical Sea
10:10-10:25 Tao Zhou Surface Temperature Anomalies on the Interannual Variability of Southern Hemisphere
Circulation
10:25 - 10:40 Huang-Hsiung Hsu ;r:nai(c):sel gé‘l:cl)%r;?; E:r?;;gies Climate Variability in Monsoons — An Evaluation based on TC-
10:40-11:00 Break
11:00-11:30 Fei-Fei Jin aAr?dXIBrSdT;EEiﬁgive on the Global Monsoon System'’s Seasonal-to-Interannual Variability
11:30-11:45 Annalisa Cherchi Global and regional monsoons in a changing climate
12:00-13:30 Group Photo & Lunch

SESSION 2

CHAIR: Christian L.E. Franzke

Regional monsoons: dynamics and predictability

Interdecadal Shift in the Influence of East Asian Winter Monsoon on El Nifio: The Role of the

09:00-09:30  Jung-Eun Chu African Monsoon, Easterly Waves, and Tropical Cyclones
09:30 - 09:45 Yung-Jen Chen Thg Role of Convection—Circulation Coupling in Abrupt South Asian Monsoon Onset:
Insights from SP-CAM
e 1n- - South Asian Monsoon Change as a Regional Imprint of Global Energy Redistribution: From
09:45-10:00 Yen-Ting Hwang Satellite-Era Zonal Asymmetry to Future Meridional Shifts
10:00-10:15 Sarthak Mohanty Are Climate Models Getting the Australian Summer Monsoon Right for the Right Reasons?
10:15-10:30 Hyemi Kim Shaping Future MJO activity through Warm Pool Modification by Climate Engineering
10:30-10:45 Break
SESSION 3 Detection and attribution CHAIR: Renhe Zhang
10:45-11:05 Jiangping Li Rossby wave phase tracing and its application to the Pacific-Japan teleconnection pattern
.AE_11: . Multidecadal modulation of local heavy rainfall frequency: Roles of Pacific and Indian
11:05-11:25 Yukiko Imada Ocean variability
oE 11 . Increased extreme precipitation in North China since 2000s contributed by Inter-decadal
11:25-11:45 Wenxia Zhang Pacific Oscillation
11:45 - 12:00 Cheng-Ta Chen Probabilistic event attribution for the 2025 mid-summer week-long southwesterly extreme
rainfall event in southern Taiwan
12:00-12:15 Xiao Xiao Soil moisture—atmosphere coupling intensifies wildfires in Siberia in 2021
12:15-13:30 Lunch
13:30-15:00 Poster Session

SESSION 3

Detection and attribution

Chair: Lin Wang

13:30-14:00  RenheZhang Arctic Oscillation

14:00-14:15 Jung-Eun Lee gl’fgf’s\ﬂsg%r;?ilnli]orcmg and East Asian Monsoon Dynamics: Insights from Isotope-Enabled

14:15-14:30 YuLiu Recent centennial drought on the Tibetan Plateau is outstanding within the past 3500 years
can - 14- o A novel Asian Summer Monsoon Index reconstructed from mixed approach and the

14:30-14:45  Wan-Ling Tseng multidecadal variability revealed in 1400-1900s

14:45 - 15:00 Bian He The RQIe of Tibetan Plateau Thermodynamic ForAciAng in Shapipg Multi-scale Variability of

the Asian Summer Monsoon from a Potential Vorticity Perspective
15:00-15:15 Yuanrui Chen Interactions Between the SPCZ and Convectively Coupled Equatorial Waves
15:15-15:30 Break

SESSION 2

CHAIR: Christian L.E. Franzke

Regional monsoons: dynamics and predictability

Atmospheric Rivers and Associated Hydroclimate Extremes as an Important Component of

15:00- 15:30 Taikan Oki Pan-Asian monsoon droughts triggered by tropical volcanic eruption
P . Evalution of Performance of Localized Southwest Monsoon Index (LSWMI) On selected
15:30-15:45 Robert Badrina 2025 Enhanced Habagat (Southwest Monsoon) Events in the Philippines
e 1R ] . Increasing Likelihood of the 2025 Persistent Summer Rainfall over Northern China under
15:45-16:00  XiaoyuLiu Anthropogenic Forcing
16:00-16:15 YuDeng Historical cold biases exaggerate future elevation-dependent warming over the Tibetan
Plateau
Separating Forcing-Specific Climate Signals from Internally-driven Variability with
16:15-16:30 Chih-Yen, Tsai Interpretable Deep Learning Approaches: Implications for Detection and Attribution
Framework
16:30 - 16:45 Xiao Lin Network Securl_ty for Ocean Climate Data Sharing System Integrating Blockchain and
Federated Learning
16:45-17:00 Break

SESSION 4

Climate variability

CHAIR: Jong-Seong Kug

Recent characteristics of extreme drying and warming over the monsoon transitional zone

17:00-17:20  Wen Chen (il of Northeast Asia

17:20-17:35 Qiufang Cai Tree-ring 61_80, a window into the summer hydroclimatic variations in the Central Water
Tower of China

17:35-17:50 Shih-Yu Lee Irr'lpact.of Solar Activity and ENSO on the Early Summer Asian Monsoon During the Last
Millennium

17:50 - 18:05 Ruijue Liu Hydrological Mechanisms Underlying Asynchronous Changes in Atmospheric and

Terrestrial Water Storage over the Songliao Region in a Warming Climate

15:30-15:45 June-Yilee the East Asian Monsoon System

A _1A- JetStream Evolution, Moisture Transport, and Barotropic Instability Associated with Indian
15:45-16:00 Mohan Kumar Das Summer Monsoon Onset Variability

N 1A- Assessment of a Localized Monsoon Index for Describing Monsoon—Rainfall Variability
16:00-16:15 Marco Polo A. Ibanez over the Philippines Using a 20-year High-resolution Gridded Rainfall Dataset
16:15-16:30 Ramesh Kumar Yadav Factors influencing the north-south rainfall pattern of the Indian summer monsoon
16:30-18:00 Break
18:00-20:00 Welcome Reception / ICCP 10th Anniversary
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IBS Conference on Global Monsoon Systems

DAY 3, AUGUST 12"

SESSION 4 Climate variability CHAIR: Yimin Liu
09:00-09:30 Johnny Chan Will the Poleward Mitigation of Tropical Cyclone Continue under Global Warming?

The Antiphase Correlation Between Tropical Cyclone Genesis in the Eastern North Pacific

09:30-09:45 Mengzhu Diao during July-August and the North Atlantic in October and Its Physical Mechanism

PROGRAM
th
DAY 4, AUGUST 13
SESSION 5 High-impact events and extremes CHAIR: Kyung-Ja Ha
09:00-09:20  Akio Kitoh Extreme precipitation changes simulated by high-resolution global and regional climate

models

Future Change in the Moist Wave Activity and Its Potential Impact on Local Extreme

09:45-10:00 Daokai Xue Precipitation Under a Warming Climate

Rare Triple-dip La Nina (2020-2022) of the century, severe EI Nino (2023-2024): Impact on

09:20-09:35  Ramesh Kripalani Extreme Events

09:35-09:50  Seung-KiMin Responses of extreme fire weather to CO2 emission reductions and underlying mechanisms

A synoptic view of the atmospheric circulation response to SST anomalies in the Kuroshio-

10:00-10:15 Dong Wan Kim Oyashio Extension Region: the importance of latent heating structure

09:50-10:05  Xueyu Bai [Naiming Yuan] Global Teleconnections of Extreme Rainfall Events in the Yellow River Basin

Severe extreme cold event in Beijing-Tianjin-Hebei region tied to mid—high-latitude

10:15-10:30 Tao Zhu intraseasonal waves

Heatwave Forecast Skill in the Mid-High Latitudes of the Northern Hemisphere at

10:05-10:20  Haozhou Liu Subseasonal Lead Times: Regional and Duration Dispersion

10:30-10:45 Lin Wang Eurasian Temperature Extremes and the Role of Waveguide Teleconnections

Unraveling Nonlinearities in Daily-Scale SPEI Construction for Improving Extreme Drought

10:20-10:35  Yanbing Zhu Detection Across China

10:45-11:00 Break
SESSION 4 Climate variability CHAIR: Tim Li

Linking the Middle East Climate Variability to the Thermal Effects in Southeast Asian and

11:00-11:20  Song Yang Western Pacific Regions

10:35-10:50  Break

11:20-11:35 Jong-Seong Kug Abrupt ENSO Frequency Shifts under CO2 Mitigation and Global Frequency Entrainment

10:50-11:05  Seok-Woo Son Local energetics of extratropical transition: A case study of typhoon Hagibis (2019)
11:05-11:20  Peishan Han )Ibrgiegaction of Tropical Cyclones, Moisture Conveyor Belts and Atmospheric Rivers in East
11:20-11:35  Hyunsuk Yoon Response of Tropical Cyclone and Its Precursors to Stratospheric Aerosol Injection

Recent equatorward shift of the summer North Atlantic jet dominated by internal climate

11:35-11:50 Chen Sheng variability

The Potential Predictability of July—August 2025 Extreme Precipitation Anomalies over

11:35-11:50  XinyuHe Northern China from the Western Pacific and North Atlantic/Barents—Kara Sea

The antagonistic effect of the North Atlantic oscillation and Eastern North Pacific on winter

11:50-12:05 Linjie Wang temperature over the North Africa Sahara

Process-Based Attribution of Observed Evapotranspiration Changes and Their

11:50-12:05  HsinHsu Representation in Climate Model Ensembles

12:05-13:30 Lunch

13:30-15:00 Poster Session

SESSION 5 High-impact events and extremes CHAIR: Cheng-Ta Chen
15:00-15:30 Kyung-JaHa Climate Extremes in the Asian Monsoon

12:05-13:30  Lunch

SESSION 6 Predictability, prediction and projection CHAIR: Tianjun Zhou

Forecasting monsoon onset for millions of farmers weeks advance by combining

13:30-14:00  william Boos dynamical, Al, and statistical models

Subseasonal predictability of cross-time scale monsoon-tropical cyclone interaction over

14:00-14:15  Congwen Zhu Asia-Pacific region

Interactions of Recent Summertime Atmospheric Heatwaves over Japan with Marine

15:30-15:45 Hisashi Nakamura Heatwaves

14:15-14:30  Andrea Alessandri Seasonal prediction and predictability of drought

How to Maintain a Tropical-like Rainstorm in Midlatitudes: a Case Study of the Persistent

15:45-16:00 Mo Chen Extreme Rainfall Eventin North China, July 2023

Predictability of interannual variations in East Asian summer rainfall under the combined

14:30-14:45  FeiZhang influence of active monsoon and landfalling tropical cyclones

Impact of the Unprecedented East Asian Marine Heatwave of Summer 2023 on Land

16:00-16:15 Satoru Okajima H
eatwaves

14:45-15:00  Alexia Karwat Predlctable cool_lng demand extremes under anthropogenic forcing enable multi-year
adaptation planning

Spring—Summer Caribbean Sea Marine Heatwaves Tied to Previous Winter Indian Ocean

16:15-16:30  Zeyul Marine Heatwaves

DSDL-Based Interpretable Modeling of the Pacific Decadal Oscillation: Implications for East

15:00-15:15  Guangean Liu Asian Summer Monsoon Variability

16:30-16:45 Break

Exceptional multi-year prediction skill of the Kuroshio Extension in the CESM high-

15:15-15:30  Who Myung Kim resolution decadal prediction

Changes in atmospheric circulations over Asia and associated impact on extreme events

16:45-17:05 Sang-Wook Yeh during boreal summer

17:05 - 17:20 Anmin Duan Compound_Dry-Hot Conditions in South and Southeast Asia Modulated by the Arctic
Stratospheric Polar Vortex

15:30-15:45  Break

SESSION 6 Predictability, prediction and projection CHAIR: Yong Luo

15:45-16:05  Axel Timmermann Climate Change Granularity

Change of extreme temperatures in the Three-North Region of China and its possible

17:20-17:35 Chenwei Zhang mechanism

16:05-16:25  Yoo-GeunHam Foundation Model Framework for Weather and Climate
e 1@ . Emergent-constrained future drought changes under low to moderate emission scenarios:
16:25-16:40  KeJin from CMIP5 to CMIP6 with explicit external forcings
16:40-16:55  Tianjun Zhou Constrained Projection of global Monsoon Rainfall Changes
16:55-17:10  Michiya Hayashi Consistency of regional and global climate projections over East Asia in CORDEX-CMIP5

Multi-fold Increases in Compound Heat, Dry, and Wet Extremes Across Asia with Rapid

17:10-17:25  Gopinadh Konda Growth in Population Exposure by the latter half of the 21st Century

17:25-17:40  Axel Timmermann Concluding Remarks
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IBS Conference on Global Monsoon Systems

Keynote Presentation

Speaker

Abstract
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Bin Wang

University of Hawaii
wangbin@hawaii.edu

Global Monsoon Response to External Forcing
and Internal Feedback

This talk presents a modern perspective on the monsoon concept, its climate variability, and
projected future changes, with a focus on land monsoon rainfall, which provides water resources for
approximately 70% of the world’s population. Regional monsoons have been extensively studied,
yet they have only recently been recognized as a global system. The talk will begin with a discussion
of the emerging concept of the Global Monsoon and its critical roles in driving the annual variations
of the Hadley circulation, the Intertropical Convergence Zone, deserts, and the subtropical high.
I will then discuss observed global land monsoon rainfall variability across intraseasonal to
multidecadal timescales and its primary drivers, including the attribution of recent trends and the
exploration of the decadal predictability of Northern Hemisphere land monsoon rainfall. The critical
physical processes responsible for projected changes in the climate sensitivity of monsoon rainfall
to global warming will be discussed. We emphasize that the thermodynamic effects of greenhouse
gas forcing may be weaker than reported in the literature, and that anthropogenic forcing-induced
circulation changes (dynamic effects) are primarily responsible for regional differences. The critical
physical processes responsible for the Global Monsoon'’s response to natural forcing (for instance,
solar and volcanic) over the past millennium will also be discussed.

SESSION 1: Global Monsoon system: variability and forced responses

Presentation

Speaker

Abstract

Tim Li

University of Hawaii at Manoa
timli@hawaii.edu

Multi-scale Variabilities and Interactions in the Global
Monsoon

Tim Li*', Renhe Zhang*?, Chunhui Yang*®

*1 University of Hawaii, USA
*2 Fudan University, China
*3Nanjing University of Information Science and technology, China

A long-standing question in atmospheric science concerns how, and to what extent, climate
variabilities across different timescales interact to shape global weather and climate extremes.
Here we address this issue through a quantitative framework that integrates both large-scale
climate controls and upscale feedback processes. Coherent co-variability across multiple
timescales appears throughout the global monsoon (GM) domain. While land precipitation on
the interannual timescale exhibits a coherent inphase relationship across all the sub-monsoon
systems, largely governed by El Nifio-Southern Oscillation (ENSO), it is controlled to a large extent
(about 80%) by the Madden-Julian Oscillation (MJO) on the intraseasonal timescale. Significant
positive correlations are found between the interannual variability (IAV) and the intensity of the
intraseasonal oscillation (ISO) and between the ISO and the intensity of synoptic-scale variability
(SSV) across the entire GM domain, indicating a large-scale control of lowerfrequency modes
to higher-frequency variabilities. It is further demonstrated that higher-frequency variabilities
(e.g., SSV and I1SO) may also exert marked upscale feedback to lower-frequency modes through
nonlinear rectification of atmospheric condensational heating. About 90% of extreme precipitation
days occur during the active phase of the ISO across the GM domain, laying foundation for sub-
seasonal prediction of weather and climate extremes.

"



IBS Conference on Global Monsoon Systems

Presentation

Speaker

Abstract

12

Jonathon Wright

Tsinghua University
jswright@tsinghua.edu.cn

The Changing Asian Monsoon Overturning: Perspectives
from LESFMIP

Jonathon S. Wright**, Tat-Fan Cheng*?, Yuanrui Chen**, Lun Dai*?

*1 Department of Earth System Science, Tsinghua University, Beijing
*2 Hong Kong University of Science and Technology, Hong Kong S.A.R.

Current climate models still struggle to represent many aspects of the Asian summer monsoon
(ASM) and its interactions with other climate systems. Here, as part of the APARC Large
Ensembles for Attribution of Dynamically-driven Extremes (LEADER) activity, we use historical
and single-forcing simulations from the Large Ensemble Single-Forcing Model Intercomparison
Project (LESFMIP) to evaluate simulations of the ASM and its changes over recent decades from
the perspective of the monsoon overturning. We briefly outline common discrepancies in four key
aspects of this overturning: (1) the location of peak low-level moist static energy; (2) the vertical
distribution of deep convective heating: (3) the reversal of upper-level temperature gradients: and
(4) the extent and intensity of the upper tropospheric monsoon anticyclone. Examples of biases
against reanalysis benchmarks (representing model error) and model spread (representing internal
variability) are set against the context of model-simulated forced responses to recent changes in
aerosols and greenhouse gases. The results illustrate the scale of uncertainties in evaluating the
forced response of the ASM circulation to climate forcing.

SESSION 1: Global Monsoon system: variability and forced responses

Presentation

Speaker

Abstract

Tao Zhou

Fudan University
tzhou22@m.fudan.edu.cn

Distinct Impacts of the Boreal Summer Asian-Australian
Monsoon and Tropical Sea Surface Temperature Anomalies
on the Interannual Variability of Southern Hemisphere
Circulation

Tao Zhou*' and Zhiwei Wu**, 2

*1 Department of Atmospheric and Oceanic Sciences & Institute of Atmospheric Sciences / Key
Laboratory of Polar Atmosphere-ocean-ice System for Weather and Climate, Ministry of Education
/ Shanghai Key Laboratory of Ocean-land-atmosphere Boundary Dynamics and Climate Change,
Fudan University, Shanghai, China

*2 |RDR ICoE on Risk Interconnectivity and Governance on Weather/Climate Extremes Impact and
Public Health, Fudan University, Shanghai, China

The boreal summer Asian—Australian monsoon (BSAAM) is a powerful yet intricate climate
system comprising several interacting subsystems. Moving beyond traditional subsystem-
based approaches, this study treats the BSAAM as an integrated entity and elucidates its coupled
relationships with tropical sea surface temperature anomalies (SSTAs) and Southern Hemisphere
(SH) atmospheric circulation.

The first leading mode of the BSAAM (BSAAM1) corresponds to anomalies of the Western Pacific
Subtropical High, mainly modulated by Nifio3.4. The second leading mode of the BSAAM (BSAAM2)
represents anomalies of the Australian High, primarily driven by the Indian Ocean Dipole (10D).

Interestingly, both BSAAM1 and BSAAM2 exhibit pronounced impacts on SH circulation, but with
distinct spatial patterns. While monsoon variability and tropical SSTAs both act as key tropical
forcings, their influences on SH circulation differ markedly. BSAAM1 independently generates
Rossby wave source (RWS) west of Australia, exciting southeastward-propagating Rossby wave
trains, whereas Nifio3.4 induces RWS east of Australia, leading to a meridional circulation response
over the southern Pacific. In contrast, BSAAM2 and 10D are highly coupled, jointly producing
RWS over the subtropical Indian Ocean and triggering southeastward Rossby wave propagation.
Eliminating either signal markedly weakens these effects, though BSAAM2 exerts a stronger
independent role. These distinct SH circulation responses arise from different precipitation forcings
and ultimately lead to contrasting Antarctic climate impacts. These observational results are
further supported by the linear baroclinic model experiments.

These findings provide new insights into the distinct pathways through which the BSAAM and
tropical SSTAs modulate the interannual variability of SH circulation.
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Huang-Hsiung Hsu

Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan
hhhsu@as.edu.tw

Tropical Cyclones Enhance Climate Variability in Monsoons
— An Evaluation based on TC-Removed Global Reanalysis

Huang-Hsiung Hsu, Sho Arakane, Ying-Ting Chen

Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan

Previous studies had shown that TCs significantly enhance subseasonal to interdecadal climate
variability by 40-60 percent, weaken the mean subtropical anticyclone, and enhance monsoon
trough in the western North Pacific. TCs also markedly contribute to the evolution and energy
conversion of subseasonal oscillation (e.g., BSISO). With the completion of a global reanalysis
(based on JRA-3Q) with TCs removed in all TC-prone basins, we can quantify TC in-situ
contribution to climate variability in all basins. As expected, TCs have the largest contribution in
the tropical WNP among all basins. The contrast between the tropical WNP and North Atlantic is
most revealing. TCs contribute much more variability in the former than the latter region because of
the existence of monsoon trough, which is missing in the tropical North Atlantic. Our results reveal
that TCs feedback with significant amount of variability to the background large-scale circulation
in which they are bred. The stronger modulating effects of the background states, the larger the
TC footprints. Our results also confirm again that a climate model needs to resolve TCs to properly
simulate and project climate mean states and variability and using current coarse-resolution
reanalysis in climate model evaluation may not be proper. We'll discuss the new dimensions that
this new dataset could provide for the TC-Climate interaction study.

SESSION 1: Global Monsoon system: variability and forced responses

Keynote Presentation

Speaker

Abstract

Fei-Fei Jin

IPRC and Department of Atmospheric Sciences, SOEST, University of Hawai‘i at Manoa
jff@hawaii.edu

An XRO Perspective on the Global Monsoon System'’s
Seasonal-to-Interannual Variability and Predictability

Fei-Fei Jin, Sen Zhao, Licheng Geng

IPRC and Department of Atmospheric Sciences, SOEST, University of Hawai‘i at Manoa

The global monsoon system, manifested by robust seasonal shifts in planetary-scale atmospheric
circulation and precipitation associated with the migration of the Intertropical Convergence Zone
(ITCZ), exhibits rich and consequential multi-scale variability. The EI Nifio-Southern Oscillation
(ENSO) and other tropical climate modes are well known as the major predictable sources of its
interannual variability. In this study, we utilize our recently developed eXtended Recharge Oscillator
(XRO) framework, a simple coupled conceptual model, to understand and quantify the pan-
tropical drivers governing the seasonal-to-interannual variability and predictability of the global
monsoon system. Owing to its simplicity and effectiveness in capturing ENSO’s core dynamics and
its interactions with other major climate modes that carry strong Hasselmann memory, the XRO
model simulates and predicts not only ENSO and other climate modes individually, but also their co-
variability, with superb performance. We further introduce an extension of this framework, XRO+,
which leverages XRO'’s enhanced ENSO forecast skill to provide regional seasonal predictions
by dynamically coupling regional climate variables to ENSO and other climate modes through
unbiased teleconnections. XRO+ achieves high-accuracy predictions of pan-tropical sea surface
temperature variability and reveals season- and region-dependent pathways linking tropical
climate variability to regional climate, yielding substantial predictive skill even at relatively fine
spatial scales. Using XRO+, we examine the predictability of tropical precipitation encompassing
the global monsoon system, focusing on its dependence on ENSO, other climate modes, and their
mutual interactions.
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Annalisa Cherchi

National Research Council of Italy, Institute of the Atmospheric Sciences and Climate (CNR-ISAC)
annalisa.cherchi@cnr.it

Global and regional monsoons in a changing climate

Annalisa Cherchi*', Anja Katzenberger*22, Krishnan R*4, Aswin Sagar*4, Sabin TP*4, Andrew
Turner*s,®

*1 National Research Council of Italy, Institute of the Atmospheric Sciences and Climate (CNR-
ISAC), Bologna, Italy

*2 potsdam Institute for Climate Impact Research (PIK), Potsdam, Germany

*3 Potsdam University, Potsdam, Germany

*4 Indian Institute of Tropical Meteorology (IITM), Pune, India

*5 National Centre for Atmospheric Science (NCAS), University of Reading, Reading, UK

*¢ Department of Meteorology, University of Reading, Reading, UK

Global and regional monsoon domains identified in the last IPCC ARG report are analysed in terms
of precipitation changes with respect to global warming levels (GWLs). Six regional monsoons
(South and Southeast Asian, East Asian, West African, Australian and Maritime Continent,
North American and South American monsoons) are analysed in a set of available CMIP6 model
simulations in four scenarios (SSP1-2.6, SSP3-7.0, SSP2-4.5 and SSP5-8.5). Over the global
monsoon region, precipitation increases almost linearly with the increase of the GWL in all four
scenarios considered. When comparing the regional monsoons, contrasting behaviour is found.
The three Asian monsoons also respond almost linearly to GWL but with differences among the
scenarios. In fact, over South Asia and East Asia, the SSP3-7.0 scenario has the lowest increase
with GWL and an explanation to this behaviour is associated with anthropogenic aerosols. Over
West Africa, the increase in monsoon precipitation with GWL reaches a plateau. Reasons for this
change are investigated in terms of nearby SST gradients. Over North and South America, in the
multi-model mean an increase of monsoon precipitation with increased GWL is not found, with
instead large diversity and spread among the different models, even in the sign of change, which
reveals an opportunity for further research. We provide here an evaluation of the sensitivity of global
and regional monsoon precipitation to the increase of GW to advance the current understanding of
the monsoon diversities and related dynamics, eventually emphasizing the role of anthropogenic
aerosols changes in contrast to GHG increase.

SESSION 1: Global Monsoon system: variability and forced responses

Presentation

Speaker

Abstract

Myong-In Lee

Ulsan National Institute of Science and Technology
milee@unist.ac.kr

Emerging dynamic links between Atmospheric Angular
Momentum and the Asian Summer Monsoon: Implications
for enhanced long-range predictability

Kiwook Kim*1, Myong-In Lee*"

*1 Ulsan National Institute of Science and Technology, Ulsan, South Korea

The Asian summer monsoon is a dominant mode of climate variability affecting temperature
and precipitation across Asia, yet its prediction at seasonal to decadal (S2D) lead times remains
challenging. Using multi-year hindcasts from a multi-model ensemble initialized on 1 November
for 1961-2018, we show that West North Pacific Monsoon (WNPM) skill on 6—-8-month lead
times improves significantly during recent decades when the El Nifio—Southern Oscillation (ENSO)
undergoes a phase transition in summer. This improvement is linked to the northward propagation
of anomalous atmospheric angular momentum, which dynamically organizes the WNPM and is
captured in reanalysis and models. During ENSO summer transition years, prediction skill increases
rapidly with ensemble size, and the forecasts display the signal-to-noise paradox. The periodicity
of ENSO phases helps explain why the summer monsoon system becomes more predictable,
"creating a window of opportunity for predictability” for the long-range forecast. These findings
highlight the potential for enhanced predictability in S2D prediction systems.
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Renhe Zhang

Department of Atmospheric and Oceanic Sciences and Institute of Atmospheric Sciences, Fudan University
rhzhang@fudan.edu.cn

Interdecadal Shift in the Influence of East Asian Winter
Monsoon on El Niino: The Role of the Arctic Oscillation

Renhe Zhang*', Qiuchang Han, Zhen-Qiang Zhou

*1 Department of Atmospheric and Oceanic Sciences and Institute of Atmospheric Sciences, Fudan
University, Shanghai, China

El Nifio events can be triggered by the westerly wind anomalies typically occurring over the western
tropical Pacific Ocean (WTP). Previous studies have demonstrated that a strengthened East Asian
winter monsoon (EAWM) can induce westerly wind anomalies over the WTP, which in turn can lead
to the occurrence of El Nifio events. This study encompasses data spanning from 1948 to 2020,
revealing an interdecadal shift in the relationship between EAWM and El Nifio events around the
mid-1980s. Specifically, between 1948 and 1986, a strong EAWM was associated with westerly
anomalies over the WTP, favoring the initiation of subsequent El Nifio events. However, from 1987
t0 2020, the connection between the EAWM and anomalous westerly winds over the WTP became
insignificant, with the EAWM no longer triggering EI Nifio events. The mid-1980s coincided with a
significant interdecadal shift in the winter Arctic Oscillation (AO) transitioning from an interdecadal
negative phase to a positive phase. It is demonstrated that during the interdecadal negative phase
of the winter AO from 1948 to 1986, the westerly anomalies over the WTP were predominantly
driven by strong EAWM, with little influence from the winter AQ. In contrast, during the interdecadal
positive phase from 1987 to 2020, the WTP westerly anomalies were primarily related to AO, with
the EAWM playing a negligible role.
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Precessional Forcing and East Asian Monsoon Dynamics:
Insights from Isotope-Enabled GFDL Modeling

Jung-Eun Lee*, Daehyun Kim*2

*1 Department of Earth, Environmental, and Planetary Sciences, Brown University, Providence, USA
*2School of Earth and Environmental Sciences, Seoul National University, Seoul, South Korea

We incorporated stable water isotopes into the GFDL climate model, which allow us to compare
directly with speleothem &'80 records and trace the climatic and hydrological processes that drive
isotope variability. To assess the precessional cycle’s influence on the East Asian monsoon system,
we ran paleoclimate simulations under two configurations: perihelion in June versus December.
The model simulates markedly higher local precipitation under stronger summer insolation,
producing large isotopic shifts that better match speleothem observations and exceed earlier
estimates based on upstream precipitation alone. Although increased summer insolation does not
significantly change broad early-season monsoon rainfall, it does amplify convective precipitation,
consistent with more intense monsoon convection. These results show that orbital forcing
intensifies monsoon dynamics primarily through enhanced convection rather than by reshaping
large-scale circulation. Our analysis demonstrates a direct role for insolation forcing in driving Asian
monsoon precipitation and underscores why isotope-enabled models are essential for interpreting
paleoclimate records and understanding hydrological evolution in East Asia.

21



IBS Conference on Global Monsoon Systems

Presentation

Speaker

Abstract

22

Yu Liu

Institute of Earth Environment, Chinese Academy of Sciences
liuyu@Ioess.ligg.ac.cn

Recent centennial drought on the Tibetan Plateau is
outstanding within the past 3500 years

Yu Liu*',Huiming Song*?

*1|nstitute of Earth Environment, Chinese Academy of Sciences, Xi'an, China
*2 Institute of Global Environmental Change, Xi'an Jiaotong University, Xi'an, China

Given growing concerns about global climate change, it is critical to understand both historical and
current shifts in the hydroclimate, particularly in regions critically entwined with global circulation.
The Tibetan Plateau, the Earth’s largest and highest plateau, is a nexus for global atmospheric
processes, significantly influencing East Asian hydroclimate dynamics through the synergy of
the Asian Monsoon and the Westerlies. Yet, understanding historical and recent hydroclimate
fluctuations and their wideranging ecological and societal consequences remains challenging due
to short instrumental observations and partly ambiguous proxy reconstructions. Here, we present
a precisely-dated 3476-year precipitation reconstruction derived from tree-ring 6180 data on the
Tibetan Plateau, representing one of the few multi-millennialong annually-resolved terrestrial 6180
records to date. Our findings reveal that the 20th century drought extremes are severe within the
past three millennia, and likely linked to the weakening of both the Asian Monsoon and Westerlies
due to anthropogenic aerosol emissions.

Additionally, our analyses identified three distinct stages (110 BC—AD 280, AD 330~-770 and
AD 950~ 1300) characterized by shifts toward arid hydroclimate conditions, corresponding to
significant social unrest and dynasty collapses, which underscores the potential societal impacts
of severe hydroclimatic shifts.
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A novel Asian Summer Monsoon Index reconstructed from
mixed approach and the multidecadal variability revealed
in 1400-1900s

Wan-Ling Tseng*", Hsin-Cheng Huang*?, Elaine KH Lin*3, Chao-Chen Lai*4, Jen-Ing Lee*3, Ho-
Jiunn Lin*s, Cheng-Wei Lin*¢, Huang-Hsiung Hsu*¢, Pao K. Wang*®

*1 Institute of Sustainable Development and Climate Policy, National Tsing Hua University
*2 |nstitute of Statistical Science, Academia Sinica, Taiwan

*3 National Taiwan Normal University, Taiwan

*4 Department of Science Education, National Taipei University of Education

*$ National Taipei University of Nursing and Health Sciences

*6 Research Center for Environmental Changes, Academia Sinica, Taiwan

The Asian summer monsoon (ASM) is a distinctive component of the Asian climate system,
strongly shaped by orographic forcing. A major challenge in studying the ASM lies in its broad
spatial domain, which spans the tropics, subtropics, and midlatitudes. This extensive coverage
gives rise to complex spatial and temporal structures, making it difficult to quantify ASM variability.
Despite these challenges, reconstructing ASM evolution over centennial to millennial timescales is
essential for developing a comprehensive understanding of monsoon behavior and its links to large
scale circulation patterns.

Many previous studies have used geochemical proxy records from marine sediments and
continental archives to construct paleo ASM indices, relying primarily on rainfall signals retrieved
from individual sites. Such approaches inevitably face limitations in spatial coverage and in their
ability to represent the ASM system as a whole. In this study, we present a novel approach for
reconstructing an ASM index using REACHES. We first use the modern observational Western
North Pacific monsoon index to establish its relationship with summer rainfall. We then project
this rainfall pattern onto high resolution gridded reconstruction data from 1400 to 1900 CE. As a
result, the reconstructed REACHES ASM index incorporates both temporal and spatial variability.
Our results suggest that the long term variability of the ASM is modulated by Atlantic Multidecadal
Variability.
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Bian He

Institute of Atmospheric Physics, Chinese Academy of Sciences
heb@Ilasg.iap.ac.cn

The Role of Tibetan Plateau Thermodynamic Forcing in
Shaping Multi-scale Variability of the Asian
Summer Monsoon from a Potential Vorticity Perspective

Bian He, Guoxiong Wu, Yimin Liu, Chen Sheng, Xinyu He, Xiaoyu Liu, Nuo Xu

Institute of Atmospheric Physics, Chinese Academy of Sciences

The Tibetan Plateau (TP) exerts a profound influence on the Asian summer monsoon (ASM)
through its unique elevated thermodynamic and dynamic forcing. Recent studies highlight surface
potential vorticity (SPV) as a more comprehensive metric than sensible heat flux, because SPV
integrates topography, near-surface absolute vorticity, and land—air thermal contrast, thereby
better capturing the seasonal and interannual evolution of TP forcing and its linkage with monsoon
rainfall. From a potential vorticity perspective, anomalous TP forcing modifies near-surface
stability, induces vertical motion, and reorganizes lower-tropospheric circulation over and around
the plateau. These changes can generate asymmetric heating anomalies over different parts
of the TP, further modulating upper-level circulation, downstream wave propagation, and water
vapor transport. Through these dynamical—thermodynamical pathways, TP PV forcing influences
the spatial distribution of East Asian summer rainfall and contributes to monsoon variability on
interannual and subseasonal time scales. Moreover, TP forcing can persist across seasons through
land—atmosphere—ocean relay processes. Spring TP signals may be stored in soil temperature
over the plateau and transmitted downstream to the western Pacific, where SST anomalies help
maintain their influence into summer. Therefore, TP PV forcing provides an effective theoretical
framework for understanding and predicting ASM multi-scale variability.
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Department of Earth System Science, Tsinghua University
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Interactions Between the SPCZ and Convectively Coupled
Equatorial Waves

Yuanrui Chen*1,2 Chang Xu*?2 Steven Sherwood*?2 Jonathon Wright**

*1 Department of Earth System Science, Ministry of Education Key Laboratory for Earth System
Modeling, Institute for Global Change Studies, Tsinghua University, Beijing, China
*2 Climate Change Research Centre, UNSW. Sydney, Australia

Variability in the South Pacific Convergence Zone (SPCZ) is tightly linked to interactions between
local convection and large-scale circulation, yet the roles of convectively-coupled equatorial waves
(CCEWS) in modulating the SPCZ remain poorly understood. Using a combined Fourier—wavelet
transform, we isolate CCEW signals in daily outgoing longwave radiation (OLR) and quantify
their interactions with the SPCZ. We find that approximately 38% of the total OLR variance within
the SPCZ region resides in CCEW bands, with convectively-coupled equatorial Rossby waves
(CCERWSs) providing the dominant contribution of about 20%. Wave structures of CCERWs
sharpen upon encountering the SPCZ, with convection aligning along the SPCZ axis and exhibiting
reduced westward phase speed. Detailed diagnostics of CCERW—SPCZ interactions reveal
that a convective coupling mechanism involving feedbacks between wave dynamics, surface
evaporation, and convection governs CCERW propagation and growth in this region. Southeasterly
flow ahead of the cyclonic vorticity anomaly strengthens local trade winds, enhancing surface
evaporation. Enhanced evaporation fuels the growth and westward propagation of convection
within CCERWSs, with convective maxima located west of the vorticity center. Latent heat release
associated with convection induces a secondary cyclonic circulation that amplifies the wave while
slowing its westward propagation through vortex stretching. This wave —evaporation—convection
feedback is further reinforced by the SPCZ background state, leading to the sharpened wave
structures observed during SPCZ—-CCERW interactions. Overall, this study clarifies the significant
role of CCEWs in modulating SPCZ variability and provides new insight into convective coupling
mechanisms within CCERWSs.
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June-Yi Lee

Research Center for Climate Sciences, Pusan National University
juneyi@pusan.ac.kr

Atmospheric Rivers and Associated Hydroclimate Extremes
as an Important Component of the East Asian Monsoon
System

June-YilLee*',23 Gopi Nadh Konda*?, Arjun Babu Nellikkattil*4, and Bin Guan*s,®

*1Research Center for Climate Sciences, Pusan National University

*2 Center for Climate Physics, Institute for Basic Science

*3 Department of Carbon Neutrality and Climate Change

*4 Georgetown University

*$ Joint Institute for Regional Earth System Science and Engineering, University of California
*6 Jet Propulsion Laboratory, California Institute of Technology

Atmospheric Rivers (ARs) play a fundamental role in global and regional hydroclimate, accounting
for up to 35% of annual mean precipitation and approximately 50% of extreme precipitation.
Using multiple observational and reanalysis datasets and km-scale model simulations spanning
1979-2025, this study shows climatological characteristics of ARs and associated hydroclimate
extremes and their recent changes over East Asia. Several AR detection techniques were utilized to
validate robustness of the results, including the SCAlable Feature Extracting and Tracking (SCAFET)
method. The key dynamical features of ARs include low-level and upper-level jets, cyclonic
circulation, and frontal convection with strong moisture convergence, which are also fundamental
components of the East Asian monsoon system. We show that the AR explains more than 80% of
mean and extreme precipitation during the East Asian summer monsoon season, underscoring
their critical role in the East Asian Monsoon system. By analysing global flood databases from 1980
to 2024, we estimate that 84.3% of the flooding events occurred during the AR events in the East
Asian monsoon region. We further show that the AR-related flooding events and its socioeconomic
damage have been growing for the recent decades due to the increasing number of moderate-
to-extreme AR events. The observed change toward more intense AR events highlights an
emerging amplification of hydroclimate extremes, with important implications for water resources
management, flood risk assessment, and climate adaptation strategies in the East Asian monsoon
region.
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Jet Stream Evolution, Moisture Transport, and Barotropic
Instability Associated with Indian Summer Monsoon Onset
Variability

Mohan Kumar Das*', Parag Datta Badhan*',2and Amir Hossain*?

*Hydro-Climate and Ocean Centre, Dhaka-1207, Bangladesh
*2 Department of Meteorology, University of Dhaka, Bangladesh

Interannual variability in the onset of the Indian Summer Monsoon reflects the combined influence
of large-scale circulation changes, moisture redistribution, and evolving atmospheric stability,
yet the relative importance of these processes remains uncertain. To examine the mechanisms
associated with onset timing, ERAS reanalysis data for 1980-2025 were analysed after classifying
onset years into early (7), normal (30), and late (9) categories relative to the climatological onset
date. Daily evolution of the Subtropical Jet, Tropical Easterly Jet, and Low-Level Jet was evaluated
together with sea-surface temperature, lower-tropospheric humidity, geopotential height, mean
sea-level pressure, and upper-tropospheric thermal gradients using self-organizing maps, wavelet
analysis, generalized additive models, and Rayleigh—Kuo instability diagnostics. The Tropical
Easterly Jet exhibited a comparatively coherent northward displacement during the pre-onset
period, whereas the Subtropical Jet displayed diverse migration trajectories with no systematic
separation among onset categories. Early-onset composites were characterized by sustained
low-level jet activity, enhanced humidity over the Arabian Sea and adjoining regions, and larger
meridional extents satisfying the Rayleigh—Kuo instability criterion. At 500 hPa, median modal
growth rates reached 0.088 day™" in early years compared with 0.072 day™" and 0.046 day™" in
late and normal years, respectively, while corresponding values at 200 hPa were 0.069, 0.021, and
0.045 day™. Five of the seven early-onset years occurred within circulation regimes marked by
positive lower-tropospheric moisture anomalies, whereas six of the nine late-onset years were
linked to pressure-anomaly dipoles consistent with a strengthened Mascarene anticyclonic sector.
In contrast, sea-surface temperature anomaly structures showed substantial overlap among onset
categories. The results identify pre-onset moisture accumulation, persistent cross-equatorial flow,
and enhanced barotropic instability as the principal characteristics distinguishing early monsoon
establishment from delayed onset conditions. Keywords: Tropical Easterly Jet; Subtropical
Westerlies; Cross-equatorial Flow: Rayleigh—Kuo Criterion: Mascarene High
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Marco Polo A. Ibanez

Department of Science and Technology, Philippine Atmospheric, Geophysical, and Astronomical Services
Administration
marcopoloibanez@gmail.com

Assessment of a Localized Monsoon Index for Describing
Monsoon-Rainfall Variability over the Philippines Using a
20-year High-resolution Gridded Rainfall Dataset

Brian G Afano*!, Marco Polo A. Ibafiez*', Jianne Mae C. Pamintuan, Ryan A. Hechanova*?,
Joseph Q. Basconcillo*!

*1 Department of Science and Technology - Philippine Atmospheric, Geophysical, and Astronomical
Services Administration

The Philippines is situated within the Asian—Australian monsoon region, where rainfall variability
is influenced by the southwest (SWM) and northeast monsoons (NEM), and exhibits substantial
spatial variability due to complex topography and interactions with other tropical weather systems.
To better characterize regional monsoon variability, a Localized Monsoon Index (LMI) was
developed using a pixel-wise multiple linear regression framework that integrates atmospheric
circulation and convection-related parameters derived from reanalysis datasets. This study
assesses the extent to which the LMI represents observed rainfall variability using ClimGridPH, a
high-resolution gridded precipitation dataset for the Philippines. Relationships between the LMI
and pentad rainfall accumulations were examined through spatial correlation analyses on annual
and seasonal timescales.Results indicate that the LMI effectively captures rainfall variability in
regions where monsoonal influence is climatologically dominant. Strong positive correlations are
observed over western Luzon and Visayas during SWM season, while correlations shift toward the
eastern Philippines during the NEM season. In contrast, weaker correlations are found across parts
of Mindanao, particularly in areas characterized by complex terrain and rainfall regimes influenced
by the Intertropical Convergence Zone and other mesoscale convective processes. The findings
demonstrate the utility of the LMI in describing spatial variations in monsoon-rainfall relationships
across the Philippines. Such diagnostics may serve as a useful framework for future investigations
of monsoon variability, predictability, and hydroclimatic impacts in the country.
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Factors influencing the north-south rainfall pattern of the
Indian summer monsoon

Ramesh Kumar Yadav*!

*1Indian Institute of Tropical Meteorology, Pashan, Pune-411008, India

The Indian Summer Monsoon (ISM) is a large-scale circulation pattern that influences worldwide
weather and climate. The interannual variation of the ISM rainfall (ISMR) has a direct effect on
millions of people living in the Indian subcontinent. The teleconnections of this variation have
changed significantly since the major climatic shift in the late 1970s. The second dominant mode
of the interannual variability for the recent four and a half decades after the late-seventies of ISMR
shows an intriguing north-south dipole pattern, with in-phase loading centred over east India
(including the central and eastern Gangetic Plains) and out-of-phase loading centred over south-
east peninsular India. This variability arises from the complex interactions among the anomalous
cooling of the sea surface temperature over the Indo-Pacific warm-pool (IPWP) and the gradient of
surface air temperature between Iran and the Arabian landmass. The gradient of heating of the (Iran
minus Arab) surface air temperature is compatible with an area of dipole surface pressure with
low-pressure at Iran and high-pressure at Arab. This lower-level dipole pressure is accompanied
by the northwesterlies over Saudi Arabia, converging and pulling the climatological background
cross-equatorial monsoonal flow northward, further downstream curving cyclonically towards
eastern India, supplying moisture towards the Gangetic Plains, producing flooding. Moreover, the
cooling of the warm-pool region corresponds to an anomalous widespread surface high-pressure,
also pushing the cross-equatorial monsoonal flow northward. Contrarily, as the monsoonal flow
is shifted northwards in either of the cases, it is supplying less moisture towards the southern
peninsular India, resulting in depressed rainfall. Thus, the surface temperatures of the Middle-
East and IPWP are playing a decisive role in setting up the dipole rainfall pattern between the east
and south peninsular India. This teleconnection could further be examined in the climate forecast
models.
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Jung-Eun Chu

Seoul National University
chu0606@gmail.com

African Monsoon, Easterly Waves, and Tropical Cyclones

In the Atlantic Main Development Region (MDR), roughly threequarters of tropical cyclones
(TCs) originate from African Easterly Waves (AEWSs). Although this linkage is well recognized, the
drivers of interannual variability in AEWs and TCs have remained unclear. Our study shows that
fluctuations in AEW intensity control yeartoyear changes in both TC genesis and the formation of
major hurricanes. Two largescale modulators are identified: the meridional position of the African
Easterly Jet (AEJ) and the latitudinal breadth of the African summer monsoon band. A northward
displacement of the AEJ strengthens baroclinic and barotropic instabilities through enhanced
relative vorticity, while a wider monsoon rainfall zone invigorates convective activity across the
MDR, jointly fostering conditions favorable for storm development.
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Department of Atmospheric Science, National Taiwan University, Taiwan
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The Role of Convection-Circulation Coupling in Abrupt
South Asian Monsoon Onset: Insights from SP-CAM

Yung-Jen Chen*", Ding-Rong Wu*', Wei-Ting Chen* ', Chien-Ming Wu**, Kai-Chi Tseng**, Kuan-
Ting Kuo**, Yen-Ting Hwang*"

*1 Department of Atmospheric Sciences, National Taiwan University, Taiwan

This study investigates the effects of convection-circulation coupling on the onset of the South
Asian monsoon from a sectorial zonal-mean perspective, using the Super-parameterized
Community Atmospheric Model (SP-CAM), which couples Community Earth System Model
version 1 (CESM1) with a cloud resolving model. Focusing on the onset period, the SP-CAM
simulations exhibit much more abrupt onset, compared with onset in CESM1 without coupling with
a cloud resolving model. Our analysis suggests that the shallow convection over the northern Indian
Ocean 20 days before onset contributes to the higher abruptness of the South Asian monsoon
onset. Based on a boundary-layer-dominated perspective from the convective quasi-equilibrium
(CQE) framework, we propose that the pre-onset shallow convection influences the South Asian
monsoon onset through its distinct characteristics of energy transport: The pre-onset shallow
circulation transports the boundary-layer moist static energy (MSE) into the northern Indian Ocean
and causes its accumulation near 15°N. The associated increased gradient of boundary-layer MSE
subsequently triggers the development of thermal direct circulation, representing monsoon onset.
Our study highlights the role of pre-onset shallow convection and the associated circulation on the
South Asian monsoon onset, suggesting the importance of convective variability in South Asian
climate.

31



IBS Conference on Global Monsoon Systems

Presentation

Speaker

Abstract

32

Yen-Ting Hwang

National Taiwan University
ythwang@ntu.edu.tw

South Asian Monsoon Change as a Regional Imprint of
Global Energy Redistribution: From Satellite-Era Zonal
Asymmetry to Future Meridional Shifts

Yen-Ting Hwang*', Yong-Jhih Chen**, Jian Lu*2, Po-Hui Yeh**, Min-Hui Lo*"

*National Taiwan University, Taiwan
*2Ocean University of China, China

The South Asian monsoon is a regional manifestation of global energy redistribution, acting during
boreal summer as a dominant convective system transporting energy across the tropics. While
global energetic constraints provide robust benchmarks for large-scale changes like circulation
slowdown and the north—south shift of rainbands, changes in regional atmospheric circulation
remain the primary source of uncertainty in local climate projections. To bridge these perspectives,
we utilize two-dimensional energetic extensions, specifically the energy flux potential, to analyze
South Asian monsoon changes across CMIP6 projections, DAMIP historical simulations,
reanalyses, and observations.

In future climates, South Asia exhibits a pronounced northward shift in precipitation structures,
consistent with zonal-mean energetic expectations. Remote energy imbalances associated with
extratropical Eurasian cloud feedbacks and Southern Ocean heat uptake drive an anomalous
monsoon overturning circulation that transports excess energy southward through its upper
branch and advects moisture northward through its lower branch. This circulation shift outweighs
the global-mean constraint toward weaker overturning and dominates projected rainfall increases
over the region. In contrast, satellite-era trends in the atmospheric energy budget, energy transport,
and associated precipitation patterns depart from existing theories and long-term projections,
exhibiting strong zonal asymmetry across the Indian Ocean sector. This historical pattern is driven
primarily by the shifting geography of anthropogenic aerosol emissions, with decreases over
Europe and North America and increases over Asia, and is further modulated by the fast land-
ocean response to uniform greenhouse gas forcing and decadal variability.

The results above are remarkably robust and consistent across CMIP models, illustrating that the
two-dimensional energetic framework can effectively constrain regional circulation by linking it
to the simulated and observed spatial structures of radiative forcing, feedbacks, and ocean heat
uptake. Ultimately, this study advances the extension of conventional global- and zonal-mean
energetic constraints into two dimensions, capturing the regional variations needed to detect,
attribute, and project near-term monsoon change.
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Are Climate Models Getting the Australian Summer
Monsoon Right for the Right Reasons?

Sarthak Mohanty*',2, Martin S. Singh*3,4, Christian Jakob*3,*

*1 Center for Climate Physics, Institute for Basic Science, Busan, Republic of Korea

*2 Pusan National University, Busan, Republic of Korea

*3School of Earth, Atmosphere and Environment, Monash University, Melbourne, VIC, Australia
*4 ARC Centre of Excellence for the Weather of the 21st Century, Melbourne, VIC, Australia

Climate model performance is commonly evaluated using precipitation, yet accurately reproducing
rainfall does not necessarily imply that the underlying physical processes are realistically
represented. Here, we investigate whether climate models that successfully simulate the seasonal
cycle of the Australian Summer Monsoon (ASM) also exhibit process fidelity in reproducing the
mechanisms governing its evolution. Using ERAS and MERRA-2 reanalyses, we characterize the
ASM through moist static energy (MSE), dry static energy (DSE), and moisture budget analyses,
together with gross moist stability (GMS). We then compare these process-based diagnostics with
eight CMIP6 Atmospheric Model Intercomparison Project (AMIP) simulations.

The reanalyses reveal that the ASM seasonal cycle is strongly controlled by large-scale transports
of energy and moisture, with the western and eastern boundaries dominating the MSE and
DSE divergence and moisture convergence primarily driven by inflow through the northern
boundary during the active monsoon phase. Two distinct GMS regimes emerge, corresponding to
convectively active and inactive conditions.

Models generally reproduce the broad seasonal evolution of precipitation and the qualitative
structure of the energy and moisture budgets. However, model rankings based on precipitation
differ substantially from rankings based on MSE, DSE, moisture budget, and GMS diagnostics.
Several models that closely reproduce the observed seasonal rainfall cycle exhibit considerable
biases in the underlying energy and moisture transports. In particular, most models overestimate
GMS during convectively active periods, indicating unrealistic circulation—convection coupling
associated with overly top-heavy ascent profiles.

These results demonstrate that reproducing observed rainfall does not guarantee a realistic
representation of monsoon dynamics. Process-based diagnostics provide critical additional
information for evaluating model fidelity and improving confidence in projections of future
Australian monsoon change.
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Hyemi Kim

Ewha Womans University
hyemi.kim@ewha.ac.kr

Shaping Future MJO activity through Warm Pool
Modification by Climate Engineering

Daniele Visioni*', Ewa Bednarz*?

*1Cornell Univ, USA
*2NOAA, USA

The Indo-Pacific Warm Pool fundamentally drives the Madden-Julian Oscillation (MJO), but how
climate engineering might alter this relationship remains uncertain. This study investigates how
Stratospheric Aerosol Injection (SAI) modifies the Warm Pool's mean state and subsequently
shapes future MJO activity. Using single-point SAIl simulations in CESM2-WACCM6, we analyze
resulting changes in warmpool and MJO. By quantifying impacts on MJO amplitude, frequency, and
propagation, this research provides critical insight into how localized solar radiation management
could inadvertently reshape global weather patterns tied to tropical variability.
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Rossby wave phase tracing and its application to the
Pacific-Japan teleconnection pattern

Jianping Li*", 2,3, Sen Zhao*", and Yinan Yang*?

*1 Department of Atmospheric Sciences and International Pacific Research Center, School of
Ocean and Earth Science and Technology (SOEST), University of Hawai'i at Manoa, Honolulu, HI
96822, USA

*2 Frontiers Science Center for Deep Ocean Multi-spheres and Earth System (DOMES)/Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China, Qingdao
266100, China

*3| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China.

This study develops an extended theoretical framework of Rossby wave ray and phase tracing
that simultaneously predicts wave trajectories and the spatial evolution of crests and troughs.
The formulation is derived from two-dimensional spherical Rossby wave theory on a horizontally
non-uniform basic flow, allowing both zonal and meridional background winds to influence
wave propagation and phase evolution. The framework is applied to diagnose stationary Rossby
wave behavior under idealized and realistic atmospheric conditions: Validation in idealized basic
states shows that the predicted phase evolution accurately reproduces the structure of forced
responses in a barotropic model. The results demonstrate the important role of mean meridional
flow: it permits one-way cross-equatorial propagation across the easterlies and substantially
enlarges meridional scale of waves, thereby shaping zonally elongated structures in meridionally
propagating wave trains. Application to the observed boreal-summer circulation further reveals that
the Pacific-Japan (PJ) teleconnection arises from coherent phase evolution of multilevel Rossby
wave trains. In the lower troposphere, northward-propagating waves embedded in the monsoonal
southwesterlies generate a meridionally elongated ‘~ / + / =" phase consistent with observed
tripolar anomaly pattern. In the upper troposphere, southeastward-to-southwestward propagating
waves form a complementary ‘+ / — / +’ pattern. These features cannot be captured within the
traditional zonal-flow-only framework, underscoring the dynamical importance of mean meridional
flow. Overall, our results establish wave phase evolution as a key dynamical constraint on wave
propagation and teleconnection structure, offering a new pathway for diagnosing teleconnection
patterns and understanding their variabilities and potential future changes.
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Multidecadal modulation of local heavy rainfall frequency:
Roles of Pacific and Indian Ocean variability

Yukiko Imada** and Tsuyoshi Nozue**

*1 Atmosphere and Ocean Research Institute, the University of Tokyo

Extreme events in East Asia are influenced not only by anthropogenic global warming but also by
climate variability on interannual to multidecadal timescales. Multidecadal variability is particularly
important for developing adaptation strategies. This is why attribution studies of extreme events
with respect to multidecadal climate variability are increasingly required. In this study, we focus on
the frequency of heavy rainfall events in western Japan and investigate the key processes that drive
its variability on interannual to multidecadal timescales using large-ensemble climate simulations.
Our analysis reveals that the frequency of heavy rainfall events in western Japan is closely linked
to the phase of the tropical Pacific decadal variability. However, examination of the underlying
mechanisms suggests that sea surface temperature variability in the Indian Ocean also plays a
crucial role in modulating heavy rainfall frequency in the region on a multidecadal timescales.
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Nanjing University
wenxiazhang@nju.edu.cn

Increased extreme precipitation in North China since 2000s
contributed by Inter-decadal Pacific Oscillation

Wenxia Zhang*, Yue Chen*2, Xi Chen*2

**Nanjing University, Nanjing, China
*2 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

While extreme precipitation is known to intensify with global warming at large spatial scales,
regional changes are more complicated with distinct decadal variations. In East China, changes
in extreme precipitation exhibited a dipolar pattern in the latter 20th century, with decreases in
the north while increases in the south. From 2000s onwards, however, extreme precipitation
has rebounded in North China, leading to severe floodings repeatedly. Yet the physical drivers of
the inter-decadal intensification over North China remains unclear. Here we identify circulation
patterns conductive to extreme precipitation over North China using a circulation cluster analysis.
We show that the increased extreme precipitation is driven by increased occurrences of low-
level southwesterly anomalies over East Asia at the synoptic scale. The observed increase in this
particular weather pattern is associated with the westward extension of the background West
Pacific Subtropical High in summer since the 2000s, which is further related to shifts in IPO. The
results improve the dynamical understanding of extreme precipitation changes in East Asia.
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Probabilistic event attribution for the 2025 mid-summer
week-long southwesterly extreme rainfall event in
southern Taiwan

Cheng-Ta Chen*1, Shih-How Lo*?2, Shou-Li Lin*', Huang-Hsuing Hsu*?2, Chi-Cherng Hong*®

*1 National Taiwan Normal University, Department of Earth Sciences
*2 Academia Sinica, Research Center for Environmental Change
*3 Taipei City University, Department of Earth and Life Sciences

Heavy rainfall from storms and resulting flooding account for more than 80% of insured economic
losses from meteorological natural disasters. The frequency and intensity of storm-related
extreme precipitation events globally have increased significantly since the early 20th century. The
significant societal impacts, economic damage, and loss of life from such extremes naturally lead
the public and media to ask what role human-induced climate change has played in recent rainfall-
related disasters. The scientific community has responded by developing rigorous frameworks for
probabilistic event attribution, enabling quantitative estimates of the anthropogenic influence on
individual extreme events.

From 28 July to 3 August 2025, Taiwan experienced one of the most consequential non-typhoon
extreme rainfall episodes on record. During this period, a persistent southwesterly monsoonal
airflow transported deep tropical moisture toward central and southern Taiwan, resulting in
multi-day rainfall totals that rival or exceed those of some historical typhoon-induced events.
The accumulated rainfall over this week exceeded 2,500 mm at multiple mountain stations in
southern Taiwan, with widespread areas experiencing daily rainfall >600 mm and localized
maxima exceeding 1,000 mm/day. This study aims to demonstrate a workflow, following the
protocol developed by the World Weather Attribution (WWA) consortium, for attributing the
above local extreme rainfall event in Taiwan, addressing a question frequently raised by the public
and policymakers: Did climate change play a role? Fitting the annual maximum 7-day rainfall
accumulation (Rx7day) over the targeted region using a non-stationary Gumbel distribution where
the location parameter varies linearly with global mean temperature anomalies (GMTA), we find
Rx7days increase with GMTA. The anthropogenic warming of 1.44 °C increases the frequency of
such events by about a factor of 2 and their intensity by about 13%.
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Xiao Xiao

Department of Atmospheric and Oceanic Sciences, Fudan University
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Soil moisture-atmosphere coupling intensifies wildfires in
Siberia in 2021

Xiao Xiao**, Qinglong You**, Ziyi Cai*"

*1 Department of Atmospheric and Oceanic Sciences & Institute of Atmospheric Sciences & Key
Laboratory of Polar Atmosphere-Ocean-Ice System for Weather and Climate, Ministry of Education,
Fudan University, 200438, Shanghai, China

In summer 2021, Siberia experienced its most extreme wildfire season on record. Yet the influence
of soil moisture (SM)—atmosphere coupling on this event remains unclear. Using multisource
datasets, we show that fire radiative power in the Siberian hotspot region during 2021 was nearly
9 times the 2004-2024 average (excluding 2021), representing an exceptional anomaly. Wildfire
intensity scales exponentially with temperature, vapor pressure deficit, precipitation, SM, and
climatic water deficit, underscoring the strong climate sensitivity of fire activity under the influence
of anthropogenic climate change. Applying the flow analogue method, we found that negative SM
anomalies explained more than 60% of extreme daily temperatures during peak fire days, pointing
to the dominant role of surface drying in amplifying anomalous warming. During 2004-2024,
SM—-atmosphere coupling has strengthened and remained persistently synchronized with key fire-
weather variables, driving the system toward hotter and drier states. Through SM—atmosphere
coupling, the impacts of temperature and SM changes are further reinforced, potentially pushing
the system beyond critical thresholds, thereby increasing the likelihood of extreme wildfires. These
findings highlight the pivotal role of SM—atmosphere coupling in wildfire dynamics and its growing
importance for understanding risks to high-latitude ecosystems under climate change.
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Pan-Asian monsoon droughts triggered by tropical volcanic
eruption

Explosive tropical volcanic eruptions can trigger widespread hydroclimate anomalies across
Eurasia, yet the underlying dynamical path ways remain poorly understood. Here we show that
large tropical eruptions consistently induce concurrent summer droughts over South Asia and
northern East Asia during the past millennium, as revealed by proxy records and climate model
simulations. Volcanically induced suppression of monsoon convection over South Asia reduces
diabatic heating, exciting a Rossby wave response resembling the negative phase of the circum
global teleconnection (CGT). This upper-tropospheric anomaly, robust across tropical ocean states,
promotes northerly winds and strong subsidence that suppress rainfall over northern East Asia.
The CGT-like teleconnection is robustly reproduced across tree-ring-based CGT reconstructions,
last-millennium climate simulations, and idealized modeling experiments. Our findings identify a
previously under appreciated volcanic-CGT-drought linkage, offering insights into the predictability
of continental-scale climate anomalies under external forcing.
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Evalution of Performance of Localized Southwest Monsoon
Index (LSWMI) On selected 2025 Enhanced Habagat
(Southwest Monsoon) Events in the Philippines

Robert B. Badrina, Joseph Q. Basconcillo, Jianne Mae C. Pamintuan, Nathaniel T.
Servando,Kimberly A. Manauis, John A. Manalo, and Charmagne Marie Q. Varilla

Department of Science and Technology — Philippine Atmospheric Geophysical and Astronomical
Services Administration (DOST-PAGASA), Diliman, Quezon City

The Southwest Monsoon, locally known in the Philippines as “Habagat,” is one of the primary
weather systems responsible for the onset of the rainy season, particularly in the western part of
the country. In 2025, the Southwest Monsoon season began on 2 June and ended on 6 October,
exhibiting stronger and more persistent monsoon conditions compared to the 1991-2020
climatological average. Several episodes of enhanced Habagat activity were observed throughout
the season. The LSWMI was developed using reanalysis and satellite-based datasets to derive
monsoon-related indices, including southerly and westerly wind shear indices, outgoing longwave
radiation, and mean sea level pressure-based indices, covering the period of 1991-2020. These
parameters were integrated to provide a localized representation of Southwest Monsoon variability
over the Philippines. Preliminary results demonstrate the capability of the LSWMI to detect
potential resurgences of the Southwest Monsoon at lead times of up to 15 days. The predictive
signal becomes more pronounced at shorter lead times, particularly at 5 days. However, further
refinement of the interpretation of LSWMI values is necessary to better estimate rainfall intensity
and identify the locations most likely to experience heavy precipitation. Nevertheless, the LSWMI
shows promise as a reliable operational forecasting tool for bridging the temporal gap between
short-range and subseasonal forecasts. The findings highlight the potential application of the
LSWMI in operational subseasonal forecasting and impact-based preparedness and decision-
making.
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Increasing Likelihood of the 2025 Persistent Summer
Rainfall over Northern China under Anthropogenic
Forcing

Xiaoyu LIU*',2, Bian HE*",2, Xinyu HE**,2, Jilan Jiang*3,%, Yimin LIU*",2,5, Guoxiong WU*",2,5, Chen
SHENG*2, Bin TANG*,2

*1 State Key Laboratory of Earth System Numerical Modeling and Application (LabESM), Institute
of Atmospheric Physics, Chinese Academy of Sciences, Beijing, 100029.

*2 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid
Dynamics (LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing,
100029.

*3 Institute of Tibetan Plateau Meteorology, Chinese Academy of Meteorological Sciences, Beijing
100081.

*4Heavy Rain and Drought-Flood Disasters in Plateau and Basin Key Laboratory of Sichuan
Province Institute of Tibetan Plateau Meteorology China Meteorological Administration, Chengdu
610213.

*$ College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing,
100049

An unusually persistent rainfall event was observed over northern China during July—August 2025.
It was the most extreme event in the past 50 years, characterized by an exceptional frequency
and duration. Understanding why such long-lasting events occur and how their risks are changing
is therefore important. Using observations, reanalysis data, and climate simulations from the
CMIP6 Detection and Attribution experiments, we characterize this event, examine the associated
large-scale circulation background, and analyse the contribution of human influence. The rainfall
anomalies were concentrated over Inner Mongolia, Shanxi, and the Jing—Jin—Ji region, with the
maximum centered in northwestern Shanxi, where precipitation was nearly twice the climatological
mean. Both grid-based and regional extreme precipitation indices show that the 2025 event
was distinguished primarily by exceptionally high frequency and long duration. It was primarily
associated with an anomalous northwestward extension of the western Pacific subtropical high
(WPSH), under which moisture transport from the adjacent eastern seas was enhanced. Event-
based attribution indicates that anthropogenic forcing may have increased the likelihood of 2025-
like persistent summer rainfall over northern China, while a substantially stronger increase is
projected under future warming. In particular, human influence enhances the risk not only of large
precipitation anomalies but also of unusually persistent regional rainfall. Under SSP2-4.5, the future
likelihood is further amplified relative to the present-day climate by about 2.7 times for precipitation
anomaly and 1.75 times for regional rainfall persistence. These findings suggest that 2025- like
persistent summer rainfall events over northern China are becoming more likely in a warming
climate, underscoring the need for improved prediction and strengthened adaptation strategies.
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Historical cold biases exaggerate future elevation-
dependent warming over the Tibetan Plateau

Yu Deng**, Qinglong You**, Fangying Wu*2, Wenyu Zhou*2, Zhiyuan Cong*4, Zhiyan

1. Department of Atmospheric and Oceanic Sciences & Institute of Atmospheric Sciences & Key
Laboratory of Polar Atmosphere-Ocean-Ice System for Weather and Climate, Ministry of Education,
Fudan University, 200438, Shanghai, China.

2. College of Meteorology and Oceanography, National University of Defense Technology, 410073,
Changsha, China.

3. Atmospheric, Climate and Earth Sciences Division, Pacific Northwest National Laboratory,
Richland, WA, US.

4. School of Ecology and Environment, Tibet University, 850000, Lhasa, China.

5. Fujian Provincial Key Laboratory for Subtropical Resources and Environment, Fujian Normal
University, Fuzhou 350117, China.

6. School of the Environment and Life Sciences, University of Portsmouth, Portsmouth, UK.

7. Chalmers University of Technology, Department of Space, Earth and Environment, SE-412 96
Gothenburg, Sweden.

8. Department of Earth System Sciences, Tsinghua University, Beijing 100084, China.

The Tibetan Plateau, often referred to as the third pole and Asian water tower, has warmed twice of
the global mean since 1979. This fundamental phenomenon, known as Tibetan Amplification (TA),
is projected to persist into the future, with important consequences on the Tibetan Plateau and
the broader climate system. Yet, future magnitude of TA remains highly uncertain, varying widely
among model projections from 1.2 to 1.8 by the end of the 21st century. This study demonstrates
that historical surface temperature over the Tibetan Plateau serves as an effective constraint on
projected TA. By attributing TA through a theoretical index and integrating reanalysis datasets
with CMIP6 models, we find that cold biases in historical surface temperature exaggerate the
positive contributions of albedo and lapse-rate feedbacks to TA, leading to inflated TA projections.
Constraining models with historical surface temperature lessen TA ~15%, with uncertainty
reduced 16%. Moreover, TA overestimation exhibits a robust elevation dependence, increasing by
~0.17% per 100 m. These results indicate that raw model output may overestimate future climate
risks associated with TA.
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Separating Forcing-Specific Climate Signals from
Internally-driven Variability with Interpretable Deep
Learning Approaches: Implications for Detection and
Attribution Framework

Chih-Yen, Tsai*", Yu-Chiao, Liang*2, Min-Hui, Lo*3, Alessandro Crivellari*4, Jeng-Min, Chou*®

*1 Dept. Atmospheric Sciences, National Taiwan University

*2 Dept. Atmospheric Sciences, National Taiwan University

*3 Dept. Atmospheric Sciences, National Taiwan University

*4 Dept. of Geography, National Taiwan University

*$ Institute of Statistic and Data Science, National Taiwan University

Separating externally-forced climate signals from internally-driven variability remains a challenge
in climate change detection and attribution (D&A) analysis. This study explores the capability of
convolutional neural networks (CNNs) in isolating forcing-specific temperature responses from
spatially distributed near-surface air temperature anomaly fields. Using CMIP6 historical all-forcing
simulations as inputs and DAMIP single-forcing ensemble means as targets, the CNN is trained
to predict globalmean responses associated with greenhouse gases, anthropogenic aerosols,
and natural forcing. The model is evaluated against model-derived labels and compared with a
simplified climate fingerprinting benchmark based on global-mean temperature fingerprints. The
results show clear forcing-dependent behavior. For greenhouse gas and anthropogenic aerosol
responses, the CNN substantially improves agreement with model-derived forced signals and
better preserves attributable trends than the optimal fingerprinting benchmark, especially over
longer fitting windows. In contrast, natural forcing remains more difficult to separate, with weaker
CNN advantage and stronger sensitivity to internal variability.

Applying the trained CNN model to Berkeley Earth temperature observations provides an
attributionoriented consistency test, showing physically interpretable forcing-specific tendencies
in real-world temperature anomalies. Occlusion-based interpretability analysis further indicates
that the CNN relies on coherent large-scale spatial structures rather than arbitrary local features.
Greenhouse gas-forced signals exhibit the clearest and most persistent spatial sensitivity patterns,
while aerosol-forced signals are weaker and more heterogeneous, and natural forcing remains
comparatively diffuse. These findings suggest that interpretable deep learning can complement
conventional attribution methods by exploiting spatial information in climate fields, while also
highlighting the continued importance of physically grounded D&A frameworks as benchmarks for
climate signal separation.
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Network Security for Ocean Climate Data Sharing System
Integrating Blockchain and Federated Learning

Lin Xiao*' Guo Xinchang*?

*1School of International Affairs and Public Administration, Ocean University of China, Qingdao,
Shandong, Qingdao,266071,P.R.China:

*2The Institution for Maritime Development Studies of Ocean University of China, the Humanities
and Social Science Key Research Base of Ministry of Education. Qingdao,266071, China

This paper integrates blockchain and federated learning (FL) technologies to construct a secure
sharing framework for ocean climate observation data adapted to the East Asian marine climate
environment under global warming, which addresses core challenges including climate data
privacy protection, security verification, observation node reliability and data attribution credibility in
cross-regional ocean climate data sharing, and improves system adaptability and data processing
efficiency under complex volatile marine climate conditions. A marine climate environment model
considering ocean current dynamics and unstable underwater acoustic communication in East
Asian marginal seas is established to quantitatively evaluate the impacts of dynamic marine climate
conditions on climate observation loT nodes; the FL framework is deployed in marine climate
observation networks for distributed local model training to predict regional marine climate change
trends, with the FedAvgM algorithm adopted to optimize training efficiency for climate datasets,
Gaussian-noise differential privacy to prevent sensitive climate information leakage, homomorphic
encryption to support encrypted-state computing of model parameters, and blockchain-based
PBFT consensus algorithm to ensure system reliability, tamper-proof security and credible data
attribution. Experimental results show that FedAvgM achieves 88.2% prediction accuracy after 45
iterations, the PBFT algorithm reaches 0.1s latency and 2000 TPS throughput, and the proposed
integrated system outperforms single-technology systems in transmission time, bandwidth
utilization (95%) and packet loss rate (1.6%), which can effectively enhance communication
efficiency and data security governance of East Asian marine climate observation networks, resist
malicious climate data attacks, provide credible data support for regional climate detection and
attribution research, and show prominent practical value and broad application prospects for East
Asian climate research under global warming.
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Recent characteristics of extreme drying and warming over
the monsoon transitional zone of Northeast Asia

Wen Chen**,2, Qingyu Cai**,2, Jinling Piao*3, et al

*1Yunnan Key Laboratory of Meteorological Disasters and Climate Resources in the Greater
Mekong Subregion, Yunnan University, Kunming, China

*2Yunnan International Joint Laboratory of Monsoon and Climate Disasters, Yunnan University,
Kunming, China

*3 Center for Monsoon System Research, Institute of Atmospheric Physics, Chinese Academy of
Sciences, Beijing, China

The monsoon transitional zone (MTZ) of Northeast Asia lies at the intersection of the East Asian
monsoon circulation and mid-latitude westerlies. This region forms a transitional belt between
the humid monsoon climate and the arid climate. The multiple transitional attributes of the region
have given rise to a diversity of ecosystems, including forests and grasslands, croplands, gobi,
and deserts. The different climate sensitivities of the ecosystems make this region particularly
vulnerable to climate change, resulting in ecological imbalances.

In recent decades, observational evidence exhibits a marked decline in summer precipitation over
the MTZ since the late 1990s. As a result, the MTZ is marked as one of the regions with the most
significant decreases in precipitation on a global scale. Concurrently, multiple observational and
reanalysis datasets confirm an abnormal warming trend over the MTZ in recent decades. During
1986—2004, the warming rate in the MTZ was nearly three times that of the Northern Hemisphere
land average, resulting in the region's post-2000 temperature state outside the range of the past
century's variability. This warming trend has been accompanied by a significant increase in the
frequency and intensity of regional heatwaves. The recent pronounced decreased precipitation
and increased temperature over the MTZ have intensified the local drying and warming condition,
leading to the severe drought. Possible underlying drivers will be discussed in this talk.
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Tree-ring 6180, a window into the summer hydroclimatic
variations in the Central Water Tower of China

Qiufang Cai *', Yu Liu *2

*1 .2 |nstitute of Earth Environment, Chinese Academy of Sciences

The Qinling-Bashan Mountains (QBMs) serves as an important boundary between southern and
northern China and is dubbed China's Central Water Tower (CCWT). However, understanding the
spatiotemporal characteristics of summer hydroclimatic variations within the CCWT and their
underlying causes has been challenging by a lack of long-term, high-resolution data. Here, we
present a two-century-long summer relative humidity (RHJJA) reconstruction for the southern
CCWT using tree-ring 6180 records. This reconstruction explains 43.60% of the instrumental
RHJJA variance and, for the first time using proxy data, highlights that two notorious mega-
droughts—"the Dingwu drought" and "the 1940- 1943 drought"—also significantly impacted the
study area. The identified three dry periods (1850—1859, 19201943, 1966-1982 CE) and three
wet periods (1861-1875, 1885-1898 and 2009-2013 CE) in our reconstruction largely align with
broader CCWT hydroclimatic oscillations, indicating decadal synchronicity. However, an annual
RHJJA discrepancies was found between the northern and southern CCWT during 1943-1953
CE. A dry-warm/wet-cold pattern in the CCWT suggests that future warming may exacerbate dry
conditions. The study demonstrates that the hydroclimatic variations in the CCWT are primarily
driven by the Asian summer monsoon (ASM), with water vapor transported by the Indian summer
monsoon (ISM) playing a dominant role. These hydroclimatic changes are further modulated by
the EI Nifio-Southern Oscillation (ENSO). This new reconstruction is pivotal for comprehending
the impacts of climate change, managing water resources, and safeguarding ecological systems
within the CCWT and other monsoon regions.
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Impact of Solar Activity and ENSO on the Early Summer
Asian Monsoon During the Last Millennium

Shih-Yu Lee*!, Po-Yu Chen*',2, Yue-Gau Chen*', Huang-Hsiung Hsu*"

*1Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan
*2 George Mason University, George Mason University, USA

The Asian Monsoonal rainfall accounts for the majority of annual regional precipitation in East
and South Asia and could be remotely regulated by EI Nifio-Southern Oscillation (ENSO). Besides,
several paleoclimate records and simulations have indicated solar signals in the Asian Monsoon,
implying the impact of solar activity on the regional monsoon precipitation. By conducting
multi-linear regression analysis to the solar irradiance forced single-forcing experiment in the
last millennium, this studypresents the comparison of solar and ENSO effects on monsoonal
precipitation in South and East Asia during early summer (May—June). Increased total solar
irradiance during high solar activity years tends to trigger a favorable environment for developing
monsoon onset, leading to more precipitation against ENSO-related patterns over Southeast and
South Asia before peak-summer (July—August). The result supports reconstructed terrestrial
records and underlines considerable influences of the solar cycle on the variation of the Asian
Summer Monsoon.
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Evolutionary Characteristics and Possible Mechanisms of
the Regional Hydrological Cycle under Climate Change in
Ningxia

Ruijue Liu*',2, Tianbao Zhao*'

*1 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China
*2 University of Chinese Academy of Sciences, Beijing, China

Under global warming, whether wetting in arid and semiarid regions necessarily reflects an
intensified hydrological cycle and enhanced surface water availability remains unclear. Here,
we examine hydroclimatic changes in Ningxia, Northwest China, over 1980—-2023 using daily
precipitation from CN05.1 and atmospheric and land-surface variables from ERAS5. The analysis
combines Theil-Sen trend estimation, the Mann—Kendall test, precipitation amount—intensity —
frequency decomposition, wet-day percentile diagnostics, a four-boundary atmospheric moisture
budget, and a thermodynamic —dynamic decomposition of 850-hPa moisture transport. The results
show significant increases in near-surface air temperature and total column water vapor, indicating
pronounced atmospheric warming and moistening over the region. However, annual precipitation
increases only weakly, and moisture flux convergence, P — E, runoff, runoff coefficient, and root-
zone soil moisture show no concurrent enhancement. The weak precipitation increase is jointly
driven by increases in wet-day frequency and wet-day mean intensity, with larger contributions
from moderate-to-heavy precipitation and upper-percentile wet-day precipitation rather than from
a single extreme category. Moisture-budget and transport diagnostics further indicate that external
moisture supply provides an important background condition for precipitation formation in Ningxia,
but the recent precipitation increase cannot be attributed simply to a sustained rise in net external
moisture import. Warming-induced increases in atmospheric water vapor and low-level specific
humidity provide a thermodynamic moisture basis, whereas insufficient dynamical enhancement
in moisture convergence and low-level transport constrains the conversion of atmospheric
moisture into effective precipitation and surface freshwater availability. These findings suggest that
recent wetting in Ningxia is characterized primarily by atmospheric moistening and precipitation-
structure adjustment, rather than by a coherent intensification of the regional hydrological cycle.
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Will the Poleward Migration of Tropical Cyclone Continue
under Global Warming?

In the last few years, many studies have found that tropical cyclones (TCs) appear to have higher
track density in the higher latitude regions and lower in the tropics. These results have been
explained by a poleward expansion of the subtropical high as a result of global warming. In this
talk, we will raise a question: will this poleward migration of TCs continue, and has such migration
happened before?

We examine TC activity in the western North Pacific for the last 100 years and find that such
poleward migration has happened before. In fact, there is a meridional oscillation in the frequency
of TC occurrence. In some periods, more TCs occurred in the south and fewer in the north. In other
periods, it is just the reverse. Such an oscillation can be explained by changes in the atmospheric
circulation partly associated with the Interdecadal Pacific Oscillation. Thus, the recently-observed
poleward migration of TC activity may just be part of the cycle of this meridional oscillation.
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Ocean University of China
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The Antiphase Correlation Between Tropical Cyclone
Genesis in the Eastern North Pacific during July-August and
the North Atlantic in October and Its Physical Mechanism

Mengzhu Diao *' and Jianping Li *2

*1 Frontiers Science Center for Deep Ocean Multi-spheres and Earth System (DOMES)/Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China, Qingdao
266100, China

*2| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China

Variability in tropical cyclone (TC) activity is typically explained within individual TC basins, and
cross-basin, cross-season connections of TC activity have rarely been studied. We identify an
antiphase variation in TC genesis between the eastern North Pacific (EP) in summer (July-August)
and the North Atlantic (NA) in autumn (October): when TC genesis in the EP is active (inactive)
during July-August, TC genesis in the NA is suppressed (enhanced) in October. The core driving
mechanism behind this cross-basin, cross-season antiphase relationship may be an “SST-—
Atmospheric Bridge” process:SST anomalies in a key region of the EP during July-August trigger
a Rossbhy wave that propagates to a key region of the NA. This wave modulates the circulation over
North America, thereby influencing TC genesis conditions such as vertical wind shear over the NA,
and ultimately shapes large-scale conditions that suppress or favor TC genesis in October.
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Daokai XUE

Nanjing University
dkxue@nju.edu.cn

Future Change in the Moist Wave Activity and Its Potential
Impact on Local Extreme Precipitation Under a Warming
Climate

Xue Daokai**, Jian Lu*? et al.

*1School of Atmospheric Sciences, Nanjing University, Nanjing, China
*2 Frontiers Science Center for Deep Ocean Multispheres and Earth System and Physical
Oceanography Laboratory, Ocean University of China, Qingdao, China

The framework of local wave activity is adapted to the column-integrated water vapor in North
Hemisphere to investigate the regional difference, seasonal variation, and future change in
atmospheric moist wave activity (A*+) and its sink (((P-E) )~ ~+) in CMIP5 simulations. Analyses
indicate the A"+ and ((P-E) )~ "+ are mainly located at marine (mid-latitude) regions with large
values over monsoon (coastal) areas in summer (winter). Meanwhile, the A*+ participating in the
hydrological cycle (AAM+) is linearly related to the dissipation by ((P-E) )™ *+ that is highly correlated
to the local precipitation extremes in both seasons. This proves that the underlying reasons for the
AAM future changes are favorable for understanding the variability of local extreme precipitation.
Under the RCP8.5 scenario, the hemispherical increases of AA*+ reflect a pattern enhancement
up to 28% (20%) in summer (winter), leading to the AA*+ sensitivity around 6.8%/°C and 4.5%/°C
within the given surface warming (~4°C and ~4.5°C) in summer and winter. Further inspections
illustrate that the increased anomalies of stationary AA*+ accounts for the majority of the total
AAM changes in terms of spatial features and climate sensitivity under global warming. Moreover,
the stirring scale and background moisture gradient, regarded as the dynamic and thermodynamic
factors, both have positive contributions (+4.1%/°C and +5.9%/°C) to the high AAM sensitivity in
summer. Nonetheless, the lower sensitivity in winter could be attributed to the distinct contributions
of dynamic (-0.04%/°C) and thermodynamic (+6.1%/°C) effects. Lastly, the strong model
agreement in 16 CMIP5 models offers confidence that the increased stationary A*+ likely leads to
more local precipitation extremes in a warming climate.
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A synoptic view of the atmospheric circulation response to
SST anomalies in the Kuroshio-Oyashio Extension Region:
the importance of latent heating structure

Dong Wan Kim*'* Young-Oh Kwon**, Claude Frankignoul**,*, Clara Deser*3, Gokhan
Danabasoglu*3, Adam Herrigton*3, Sunyong Kim*'*@

*1Woods Hole Oceanographic Institution, Woods Hole, MA, USA
*2| OCEAN, Sorbonne Université/IRD/CNRS/MNHN, Paris, France
*3 National Center for Atmospheric Research, Boulder, CO, USA

* Current affiliation: Seoul National University, Seoul, South Korea
*@ Current affiliation: APEC Climate Center, Busan, South Korea

We explore the atmospheric circulation response to the western boundary current SST variability
over the Kuroshio-Oyashio Extension (KOE) region in the North Pacific. In this research, we used
the Variable-Resolution Community Atmosphere Model 6 with the North Pacific region enhanced
up to 1/8deg resolution. Among various synoptic weather patterns that occur in the KOE region,
the baroclinic anticyclonic weather pattern systematically enhanced with the warm SST anomaly
forcing. The warm SST anomaly enhances latent heating, which strengthens and anchors the
anticyclonic circulation. Since this system occurs more frequently than other identified weather
patterns in the KOE region, the systematic enhancement of the dominant synoptic weather pattern
influences the seasonal mean response to be anticyclonic as well. The results highlight that
identifying the dominant synoptic weather pattern is key to understand the complex nature of the
midlatitude air-sea interaction mechanism.
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Tao ZHU

Institute of Atmospheric Physics, Chinese Academy of Sciences
zhutao@mail.iap.ac.cn

Severe extreme cold event in Beijing-Tianjin-Hebei region
tied to mid-high-latitude intraseasonal waves

Tao Zhu**, Yiruo Zhou*?, Jing Yang*?, Frederic Vitart*3, Qing Bao*"

*1State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid
Dynamics (LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing
100875, China

*2 State Key Laboratory of Earth Surface Processes and Hazards Risk Governance (ESPHR),
Faculty of Geographical Science, Beijing Normal University, Beijing 100875, China

*3 European Centre for Medium-Range Weather Forecasts (ECMWF), Reading, UK

Extreme cold events (ECEs) have intensified in East Asia over the past decades, disrupting socio-
economic activities and public health. Understanding the mechanism and accurate prediction
are crucial yet challenging. This study explores the causes and prediction biases for a severe ECE
in Beijing-Tianjin-Hebei (BTH) during the 2022 Winter Olympics. Two upper-tropospheric quasi-
biweekly oscillations (QBWO), propagating eastward along the mid- and high-latitudes respectively,
have been confirmed to trigger a low-tropospheric cyclonic anomaly (LCA) via potential vorticity
advection and meridional secondary circulation. This LCA generated the BTH ECE by reducing
incoming solar radiation due to increased snowfall and cloud cover, and by advecting cold air into
BTH. Both the subseasonal dynamical prediction and long-term historical observational diagnosis
further indicate a strong connection between mid—high-latitude QBWO and the regional ECEs.
This research deepens our understanding of the ECE mechanisms and underscores the need for
improving the prediction of extratropical subseasonal signals for better forecasting of extreme
events.
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wanglin@mail.iap.ac.cn

Eurasian Temperature Extremes and the Role of Waveguide
Teleconnections

Lin Wang*'

*1 Institute of Atmospheric Physics, Chinese Academy of Sciences

An apparent increase in the frequency of summer temperature extremes over northern Eurasia
has been observed in the past decade. Some of these high-impact events were associated with
amplified wave-like atmospheric patterns embedded in the polar front jet, such as the heatwave
that hit Central Europe in June 2019 and East Asia in 2023. In this talk, we will show that the
waveguide effect of the polar front jet facilitates strong planetary wave activity and waveguide
teleconnections over northern Eurasia. The amplified wave activity and waveguide teleconnections
will lead to enhanced temperature extremes over northern Eurasia. Months with extreme
temperatures over northern Eurasia generally have amplified wave activity along the polar front jet,
whereas months with near-average temperatures tend to have attenuated wave activity. Waveguide
teleconnections are particularly amplified during extremely hot and cold summer months over
eastern Europe and western Russia. The results are consistent in observations, reanalysis, and
large-ensemble simulations from multiple climate models, highlighting the important role of
waveguide teleconnections along the polar front jet in generating regional temperature extremes
over northern Eurasia.
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Song Yang

Sun Yat-sen University
yangsong3@mail.sysu.edu.cn

Linking the Middle East Climate Variability to the Thermal
Effects in Southeast Asian and Western Pacific Regions

Song Yang*', Ming Xia*?, Kaigiang Deng*", Hanjie Fan*", Shuheng Lin*2, Wei Wei** and Lianlian
Xu*1

*1School of Atmospheric Sciences, Sun Yat-sen University, Zhuhai, China
*2 Huizhou Meteorological Bureau, China Meteorological Administration, Huizhou, China
*3 College of Geographical Sciences, Fujian Normal University, Fuzhou, China

Under global warming, sea surface temperature (SST) and atmospheric heating increase
exceptionally significantly over Southeast Asia and the tropical western Pacific (WP). Here, the
increase in SST and atmospheric heating is the strongest in the global tropics especially in the
spring season owing to the unique characteristics of air-sea interaction related to both local
forcing and remote drives. More specifically, these characteristics are linked to the mean thermal
state over Southeast Asia and WP and the remote effects of North Atlantic and Indian Ocean
SSTs.Meanwhile, the surface temperature in the Middle East (ME) has risen drastically and even at
an accelerated pace. We uncover a dynamic linkage: enhanced convection over Southeast Asia and
the WP drives hotter and drier conditions in the ME. This teleconnection arises as Southeast Asian
and WP convection induces anticyclonic anomalies over the Iranian and Tibetan plateaus, which
enhance subsidence, suppress cloud formation, and increase solar radiation over the ME, thereby
amplifying heat extremes in the region. The ensemble means of 50 CMIP6 models successfully
reproduce the observed WP—ME teleconnection. Crucially, the fidelity of this simulation hinges on
the accurate representation of anomalous Rossby wave patterns over South and East Asia, which
generate high-pressure anomalies over the ME. For the future climate, however, CMIP6 models
project a weakening WP —ME teleconnection, driven primarily by an eastward shift of Rossby waves
and the emergence of low-pressure anomalies over the ME. These findings provide critical insights
into the mechanisms linking the Southeast Asian and WP convection to ME climate extremes and
underscore the vulnerability of this teleconnection to ongoing climate change.
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Abrupt ENSO Frequency Shifts under CO. Mitigation and
Global Frequency Entrainment

Jong-Seong Kug*' and Tomoki Iwakiri*

*1Seoul National University

The El Nifio—Southern Oscillation (ENSO) exerts a dominant influence on global climate variability
through its extensive teleconnections. While future changes in ENSO amplitude have been widely
investigated, changes in ENSO periodicity and their broader climatic implications remain poorly
understood. Here, we synthesize evidence from large-ensemble climate simulations and idealized
CO2 mitigation experiments to examine how changes in ENSO periodicity emerge and propagate
throughout the climate system We first show that ENSO periodicity undergoes an abrupt shortening
when atmospheric CO2 concentrations begin to decrease following a period of sustained increase.
This transition is associated with a southward shift of the Intertropical Convergence Zone (ITCZ), a
narrowing of ENSO spatial structure, and enhanced recharge—discharge efficiency in the tropical
Pacific, leading to a faster ENSO cycle. Multi-model analyses further indicate that shortened ENSO
periodicity is a robust feature of CO2 mitigation scenarios despite substantial uncertainty in ENSO
periodicity projections under greenhouse warming.Beyond the tropical Pacific, we demonstrate
that changes in ENSO periodicity induce coherent shifts in the dominant interannual timescales of
tropical climate modes, including the Indian Ocean Dipole, Indian Ocean Basin mode, Atlantic Nifio,
and Pacific Meridional Modes. These periodicity changes extend globally through atmospheric
and oceanic teleconnections, producing widespread co-shifts in sea surface temperature and
precipitation variability. We refer to this phenomenon as ENSO frequency entrainment.Our results
suggest that ENSO periodicity acts as a fundamental organizer of global climate variability. Future
shifts in ENSO frequency, whether driven by greenhouse warming or climate mitigation, may
therefore reshape the temporal characteristics of climate variability worldwide and provide a new
framework for interpreting both future climate change and paleoclimate records.
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Recent equatorward shift of the summer North Atlantic jet
dominated by internal climate variability

Chen SHENG*", John Methven*2, Buwen Dong*?, Bian He*', Guoxiong Wu*', Pengfei Zhang*3,
Yimin Liu*?
*1 Institute of Atmospheric Physics, Chinese Academy of Sciences, China

*2University of Reading, the UK
*3 Pennsylvania State University, University Park, USA.

The North Atlantic jet (NAJ), a fast-flowing westerly wind in the upper troposphere, influences the
movement of extreme weather systems and affects the safety of commercial flights. In recent
decades, the summer NAJ exhibited a substantial equatorward shift over the eastern Atlantic,
contrasting with the poleward shift of zonal-mean jet. However, whether this equatorward shift
is driven by external forcing or internal variability remains unclear. Here, we show that the recent
equatorward shift of the summer NAJ was dominated by internal climate variability. Using
simulations from state-of-the-art numerical models and reanalyses, we identify the recent decadal
component of the North Atlantic warming hole in summer as the key factor. Through turbulent heat
release, this distinctive pattern altered the local atmospheric thermal structure, causing the shift of
the summer NAJ via thermal wind response and eddy feedback. However, this internal variability-
dominated situation is not expected to persist. Our results indicate that as early as the 2050s, the
latitudinal shift of the summer NAJ is projected to emerge beyond the range of internal climate
variability.
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The antagonistic effect of the North Atlantic oscillation
and Eastern North Pacific on winter temperature over the
North Africa Sahara

Linjie Wang*", Jianping Li*',2, Hao Wang*", Yinan Yang**, Xinxin Tang*", Mian Zhu*"

*1 Frontiers Science Center for Deep Ocean Multi-spheres and Earth System (DOMES)/Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China, Qingdao
266100, China

*2| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China

Surface air temperature (SAT) variability over the Sahara plays an important role in modulating
North African climate, land-atmosphere interactions, with major implications for regional climate
and society. This study identifies a antagonistic effect between the positive phase of the North
Atlantic Oscillation (NAO+) and a positive East North Pacific sea surface temperature anomaly
(ENP+) on winter (DJF) SAT over the Sahara.Composite results show that years dominated
by NAO+ are characterized by anomalously cold SAT over the Sahara, whereas ENP+ years
correspond to anomalous warming.

However, the Saharan SAT anomalies are greatly weakened when the two signals occur
simultaneously, indicating an antagonistic effect attributing to linear superposition.The evidence
shows that Rossby wave energy can propagate eastward toward the Sahara during single NAO+
and ENP+ events, respectively inducing circulation anomalies that favor regional cooling and
warming.The associated circulation responses are mainly characterized by decreased (increased)
local atmospheric thickness and anomalous cold (warm) low-level temperature advection during
NAO+ (ENP+) events When these two climate signals coincide, the associated physical processes
are superimposed and largely offset each other, resulting in near-normal SAT anomalies over
Sahara.These findings highlight the importance of considering multi-basin teleconnections in
understanding Saharan climate variability and provide new insights into the modulation of North
African winter temperatures.
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Kyung-Ja Ha

Center for Climate Physics, Institute for Basic Science
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Climatic Extremes in the Asian Monsoon

Kyung-Ja Ha*'2

*1 Center for Climate Physics, Institute for Basic Science, Busan, South Korea
*2BK21 School of Earth and Environmental Systems, Pusan National University, Busan, South
Korea

This study provides a holistic assessment of extreme weather within the Asian monsoon system,
focusing on the mechanics of extreme rainfall and heatwaves under changing climate conditions.
Our objectives are threefold: First, we examine the dynamics and characteristics driving extreme
rainfall events and determine their long-term responses to anthropogenic greenhouse warming.
Second, we evaluate the regional characteristics of dry, moist, and compound heatwaves,
assessing how internal climate variability alters their frequency and severity. Third, we clarify the
pivotal role of land —atmosphere interactions, specifically focusing on how soil moisture feedbacks
modulate monsoon onsets and amplify or mitigate compound extreme heat. Integrating these
atmospheric and land-surface viewpoints improves our physical understanding of modern
hydroclimate extremes and refines projections of future risks over monsoon-dominated regions.
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Interactions of Recent Summertime Atmospheric
Heatwaves over Japan with Marine Heatwaves

Hisashi Nakamura*', Kazuto Takemura*?, Hirotaka Sato*2, Shuhei Maeda*?, Youichi Tanimoto*3,
Masami Nonaka*#

*TRCAST, the University of Tokyo, Japan
*2 Japan Meteorological Agency

*3 Hokkaido University, Japan

*4 JAMSTEC, Japan

For the last three summers Japan suffered from truly unprecedented heatwaves, which are found
to bereinforced through interacting with pronounced marine heatwaves around Japan. Specifically,
extreme heat over northern/eastern Japan in 2023 summer occurred concomitantly with an
unprecedented marine heatwave (MHW) due to an extreme poleward meander of the Kuroshio
Extension, which replaced cool Oyashio water. The resultant extreme warmth of the ocean surface
heated the overlying atmosphere to reduce near-surface stratification substantially and thereby
retard stratus formation, which in turn led to increased insolation for further SST warming in
midsummer as positive feedback.

Moreover, increased moisture contributed to the enhancement of clear-sky greenhouse effect
not only as positive feedback on the warm SST anomalies that increased evaporation but also as
a contributor to the extreme heat over northern Japan. Similar interactions were found operative
also between another extreme heatwave over Japan in 2024 summer and the meandered KE. In
addition, our AGCM simulations suggest that markedly high SSTs along the midlatitude ocean
fronts across the North Pacific and Atlantic can also contribute significantly to the extreme large-
scale tropospheric warmth in midlatitudes. In 2025 summer the KE meander was diminished,
but the early termination of the Baiu/Meiyu rainy season caused an unprecedented atmospheric
heatwave to yield a marked SST rise around Japan into July. Once generated, this MHW started
imposing positive feedback to reinforce the atmospheric heatwave by suppressing stratus and
increasing moisture.
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How to Maintain a Tropical-like Rainstorm in Midlatitudes:
a Case Study of the Persistent Extreme
Rainfall Event in North China, July 2023

Mo Chen*12, Jia Tian*3,2, Chen Sheng*' 2, Jilan Jiang*4,5, Guoxiong Wu**,2, Xiaopeng Cui*3,2and
Yimin Liu**,2

*1 1State Key Laboratory of Earth System Numerical Modeling and Application, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

*2University of Chinese Academy of Sciences, Beijing, China

*3 State Key Laboratory of Atmospheric Environment and Extreme Meteorology, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

*4 nstitute of Tibetan Plateau Meteorology, Chinese Academy of Meteorological Sciences, Beijing,
China

*$Heavy Rain and Drought-Flood Disasters in Plateau and Basin Key Laboratory of Sichuan
Province, Institute of Tibetan Plateau Meteorology, China Meteorological Administration, Chengdu,
China

The 29 July—1 August 2023 extreme rainstorm over North China (the “23-7 event”) exhibited
tropical-like features — a persistent upper-level warm core and vertically straight-up ascent, and the
aggregation of mesoscale convective system (MCS) — despite occurring nearby the midlatitude
baroclinic zone. Using ERAS reanalysis and omega-equation diagnostics, we demonstrate that
the 23-7 event developed within a tropical-like dynamical regime embedded in midlatitudes,
characterized by persistent high humidity through multi-source moisture transport, and suppressed
baroclinicity due to ridge-induced blocking.

This tropical-like configuration fueled up the tropical-like development, including the dominance
of diabatic heating in driving vertical motion, the strong conditional instability of the second kind
(CISK)-like feedback sustaining convection, and the local self-adjustment through plain-upslope
thermodynamic heterogeneity. Crucially, the originally transient ridge, amplified by Rossby wave
energy dispersion and diabatic forcing, exerted mutual-stabilization with the rainstorm through
barotropic instability: the approaching and overlapping of the ridge and the rainstorm upper-
level outflow constructed a normal mode, gaining energy from the basic flow and maintaining the
quasi-stationary blocking structure, leading to the long-persistence of the rainstorm. These results
identify a distinct regime of tropical-like maintenance embedded within midlatitude inland regions
and highlight a pathway for extreme rainfall intensification under enhanced moisture availability.
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Impact of the Unprecedented East Asian Marine Heatwave
of Summer 2023 on Land Heatwaves

Satoru Okajima*", Yu Kosaka*?, Takafumi Miyasaka*?, Rui Ito*®

*1University of Tsukuba, Tsukuba, Japan
*2The University of Tokyo, Tokyo, Japan
*3 Japan Marine Science and Technology Center, Yokohama, Japan

During the summer of 2023, midlatitude East Asia faced a record-breaking high temperature
and humidity while the nearby oceans also reached unprecedented warmth, known as a marine
heatwave. Our understanding of the potential influence of marine heatwaves on atmospheric
heatwaves in the surrounding region remains limited, leaving space for improved seasonal
forecasts. Here we examine how the 2023 marine heatwave affected the atmospheric heatwave
over the 2023 East Asian summer, particularly as a compound hot-humid extreme. Based on a set
of regional atmospheric model simulations, we demonstrate that the marine heatwave significantly
amplified the abnormal heat and humidity on land, exacerbating the land heatwave beyond what
can be explained by anomalous largescale atmospheric circulation alone. The marine heatwave
influence on the air temperature manifests through radiative effects of cloud and water vapor
changes. Based on wet-bulb globe temperature, we also found that the marine heatwave explains
~20-50% of the increase in the combined severity of high temperature and humidity in East Asia,
particularly in Japan. Furthermore, recent trends in ocean warming have made this effect even
stronger. We will also explore how the impact of marine heatwaves on land heatwaves depends
on synoptic conditions. Our findings indicate that marine heatwaves can amplify heatwaves on
land, offering valuable insights for improving the skill of long-range extreme weather prediction and
developing adaptation strategies in the context of global warming.
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Spring-Summer Caribbean Sea Marine Heatwaves Tied to
Previous Winter Indian Ocean Marine Heatwaves

Zeyu Li*', Jianping Li**,2

*1 Frontiers Science Center for Deep Ocean Multi-spheres and Earth System (DOMES) Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China

*2| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China

Marine heatwaves can interact across ocean basins through atmospheric teleconnections, but
such inter-basin links remain poorly understood. Here we show that boreal spring and summer
marine heatwaves in the Caribbean Sea are significantly connected to marine heatwaves in the
Indian Ocean during the preceding winter. Using observational data and climate model simulations,
we identify that boreal winter Indian Ocean marine heatwaves trigger atmospheric convection,
generating an eastwardpropagating Indo-Pacific-Atlantic Rossby wave train. This wave train alters
the regional Hadley circulation and renders the overlying atmosphere warm, moist, and stable over
the Caribbean Sea, reducing latent heat loss from the ocean, driving sea surface warming and
promoting the intensification of marine heatwaves. These findings reveal a robust teleconnection
pathway that allows climate signals from one basin to amplify marine heatwaves in another.
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Changes in atmospheric circulations over Asia and
associated impact on extreme events during boreal summer

Sang-Wook Yeh*', Sae-Yoon Oh*?2

*1.*2 Fwha Womans University, Seoul, South Korea

The mid-latitude atmospheric circulation is undergoing changes in both frequency and spatial
pattern, profoundly impacting regional extreme events such as heatwaves over East Asia. In this
study, we classify daily 500-hPa geopotential height fields over Asia during boreal summer from
1958 to 2025 into 11 distinct atmospheric circulation patterns. Among them, three patterns
exhibit an increasing trend in frequency, while five patterns show a decreasing trend. Two of
these increasing patterns significantly contribute to both short-lived and long-lived heatwaves
in South Korea. Specifically, the first pattern is characterized by an anticyclonic circulation over
Siberia, showing a sharp increase in frequency since 2010. The second displays a dipole structure
comprising a cyclonic circulation over western Siberia paired with an anticyclonic circulation over
northeastern Asia, which has increased steadily throughout the study period. We suggest that
summer heatwaves across South Korea will increase due to the increasing frequency of these
contributing atmospheric patterns. Additionally, we investigate the impacts of tropical oceans and
the Arctic to uncover the specific mechanisms governing short-lived and long-lived heatwaves.
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Compound Dry-Hot Conditions in South and Southeast
Asia Modulated by the Arctic Stratospheric Polar Vortex

Qilu Wang**,2, Anmin Duan*", Guanqi Fu*', Chunyan Xiao*2

*1 College of Ocean and Earth Sciences, Xiamen, China
*2 Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

Compound dry-hot conditions increasingly threaten South and Southeast Asia, highlighting the
need to understand drivers. Observations and numerical simulations reveal a robust polar—low-
latitude teleconnection: the March Arctic stratospheric polar vortex (ASPV) strongly modulates
March-April compound dry—hot conditions across the region. When the March ASPV weakens,
anomalous easterlies in the lower Arctic stratosphere induce corresponding tropospheric easterlies
and persist through April, cooling Siberia and accelerating the mid-latitude westerlies. The resulting
anticyclonic shear drives an anomalous anticyclone over northern South and Southeast Asia.
Combined with the region's climatologically dry—hot season, these processes promote compound
dry-hot conditions further amplified by positive soil moisture-atmosphere feedback. Moreover,
the March ASPV outweighs the preceding winter tropical sea surface temperature in shaping
compound dry—hot variability in this northern sector. Our results highlight the critical role of the
Avrctic stratospheric anomalies in driving lowlatitude climate, helping improve risk mitigation.
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Change of extreme temperatures in the Three-North
Region of China and its possible mechanism

Chenwei Zhang**, Qinglong You*?

*1 Fudan University,China
*2 Fudan University,China

The Three-North Region is pivotal to desertification control in China. Based on the CNO5.1
gridded dataset and ERAS reanalysis data, this study analyzes the spatial and temporal evolution
characteristics of temperature, extreme temperature events, and land-atmosphere coupling
strength in the Three-North Region from 1961 to 2022. Results show since 1961, the Three-North
Region of China has experienced a significant warming trend, with an average temperature increase
rate of approximately 0.28 °C per decade, notably higher than the contemporaneous global average
of around 0.15 °C per decade. The frequency of extreme high-temperature events has markedly
increased, leading to a continuous narrowing of the diurnal temperature range. Notably, the land-
atmosphere coupling strength, as indicated by the w index, has exhibited a persistent upward trend,
which are closely associated with regional warming and the occurrence of extreme heat events.
These changes in climate are closely linked to anomalies in atmospheric circulation patterns,
which have intensified low-level moisture flux divergence, reduced surface latent heat fluxes,
and enhanced sensible heat fluxes. The land-atmosphere interaction has triggered a strong local
positive feedback mechanism, further amplifying regional warming and the frequency of extreme
temperature events. Overall, land-atmosphere coupling has emerged as a critical driver of climate
warming and the intensification of extreme heat events in the Three-North Region, warranting
heightened attention in future research. Our findings may provide new perspectives for assessing
extreme weather risks in the Three-North Region. The increasingly significant role of enhanced
land-atmosphere coupling strength in intensifying extreme weather events also provides valuable
insights for other regions.
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Akio Kitoh

Meteorological Research Institute, Tsukuba, Japan
kitoh@mri-jma.go.jp

Extreme precipitation changes simulated by high-
resolution global and regional climate models

High-resolution downscaling is vital to project climate extremes and their future changes by
resolving fine topography and tropical cyclone (TC) reasonably. A dynamical downscaling with a
regional climate model (RCM) embedded within an atmosphere—ocean coupled general circulation
model (AOGCM) is generally used but is subject to systematic biases in AOGCM. A use of global
high-resolution AGCM is a candidate for downscaling by avoiding those sea-surface temperature
(SST) biases. Such a system is developed at the Meteorological Research Institute (MRI) with the
20-km/60-km mesh global model and the 5-km/2-km mesh non-hydrostatic regional climate
model. Those results have been available as the Database for Policy Decision-making for Future
climate change (d4PDF). Results of d4PDF show that the spatial pattern of future SST anomalies
introduces significant uncertainty into projections of TC and associated extreme precipitation.

The above system however has some limitation because an AGCM is used where SST is fixed. A
new system, based on the MRI Earth System Model (MRI-ESM2), has been developed where the
ocean temperature and salinity are assimilated to those in the observations (in the past historical
simulations) or those obtained by coupled models, enabling short time-scale atmosphere-ocean
interactions, such as SST decreases due to the passage of intense TC. With this system, an update
version of large-ensemble d4PDF (d4PDFv2) with AOGCM+RCM is being developed, and some
results will be shown.
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Rare Triple-dip La Nina (2020-2022) of the century, severe
El Nino (2023-2024): Impact on Extreme Events

Ramesh Kripalani**, Kyung-Ja Ha*?2, Jai-ho Oh*3, B. Preethi*#

*1Retired Scientist, Indian Institute of Tropical Meteorology, Pune, India

*2 Center for Climate Physics, Institute of Basic Science, Busan, South Korea
*3Nano C& W, Gyeonggi-do, South Korea

*4 Indian Institute of Tropical Meteorology, Pune, India

The Priority of the World Climate Research Program is on the Global Monsoon System. However, the
Asian monsoon with its South Asian and East Asian sub-systems forms an important component
of the Global Monsoon System. Monsoons their variability and extremes through severe droughts
and catastrophic floods pose significant challenges in a changing climate. Following the triple-dip
La Nina (2020-2022), India experienced one of the best monsoons during recent times (2020-2025).
Pakistan floods during 2022 and 2023 created havoc. However, Yangtze River Basin experienced
record breaking Mei-yu during summer 2020 and record-breaking high temperatures during
summer 2022. Triple-dip La Nina was followed by a severe El Nino (2023-2024). The world has
just recorded 11 consecutive hottest years with 2025 being the warmest. Heatwaves and marine
heatwaves have increased in frequency, intensity and spatial extent due to climate change and
anthropogenic warming. Southeast Asia experienced record breaking summertime terrestrial and
marine heatwaves during 2020-2022.

Bangladesh experiences its most intense widespread and prolonged heatwave on record during
premonsoon 2024 followed by a severe drought in summer 2024. We demonstrate and document
a large variety of drivers for these extreme events ranging from the equatorial regions to northern
hemisphere midlatitudes, Tibetan Plateau through to polar regions and from the Atlantic — Indian
Ocean - Pacific regions

77



IBS Conference on Global Monsoon Systems

Presentation

Speaker

Abstract

78

Seung-Ki Min

Pohang University of Science and Technology
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Responses of extreme fire weather to CO2 emission
reductions and underlying mechanisms

Seung-Ki Min**, Yujin Kim*2, Soon-Il An*3, Seungmok Paik*#, Sanjit Kumar Mondal*?

*1 Pohang University of Science & Technology (POSTECH), Pohang, South Korea
*2Kyung Hee University, Seoul, South Korea

*3Yonsei University, Seoul, South Korea

*4Seoul National University, Seoul, South Korea

While fire weather risk is projected to increase under global warming, its response under mitigation
scenarios remains unclear. Using idealized emission-driven simulations, we compare extreme
fire weather under net-zero (ZeroE) and net-negative (NegE) pathways. NegE leads to substantial
reductions in fire danger, especially in high-risk regions, due to cooler temperatures and higher
humidity. In contrast, fire danger remains elevated under ZeroE, particularly in low-latitude
Northern Hemisphere regions. These differences are linked to changes in atmospheric moisture
supply associated with the Atlantic Meridional Overturning Circulation and shifts in the Intertropical
Convergence Zone. Overall, our results highlight that aggressive CO2 removal is essential, as net-
zero emissions alone may not sufficiently reduce future fire weather risk.
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Global Teleconnections of Extreme Rainfall Events in the
Yellow River Basin

Lin Cai*', Naiming Yuan*?, Niklas Boers*2,2, Juergen Kurths*?

*1School of Atmospheric Sciences, Sun Yat-sen University, Zhuhai, China

*2Farth System Modelling, School of Engineering and Design, Technical University of Munich,
Munich, Germany

*3 Potsdam Institute for Climate Impact Research, Potsdam, Germany

In recent years, growing evidence has shown that extreme events can exhibit teleconnection
patterns over large spatial distances. In this talk, we will first provide a brief overview of recent
advances in this field, and then focus on the summer extreme rainfall events and heatwave events
in China. Using a complex network-based event synchronization approach, we investigate the
teleconnections between extreme rainfall events in the Yellow River basin (YRB) / heatwaves in the
Yangtze River Basin (YRZ) and events in other regions around the world. Key regions that exhibit
significant teleconnection relationships are identified and the underlying physical mechanisms
are explored. Furthermore, we evaluate the capability of current climate models to reproduce
the observed teleconnection patterns of extreme events. Based on these evaluations, we further
examine how such teleconnection patterns may evolve under future warming scenarios.
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Heatwave Forecast Skill in the Mid-High Latitudes of the
Northern Hemisphere at Subseasonal Lead Times: Regional
and Duration Dispersion

Haozhou Liu*'2, Yimin Liu*',2, Qing Bao*?, Bian He*',2, Wansuo Duan*,2

*1 State Key Laboratory of Earth System Numerical Modeling and Application, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

*2 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing,
China

*3 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid
Dynamics (LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

Accurate prediction of heatwaves is critical and remains a key objective of the Sub-seasonal to
Seasonal (S2S) Prediction project. However, focusing on extreme cases and neglecting false
alarms might overestimate regional forecast skill. Therefore, it is essential to evaluate the overall
performance of current S2S models in predicting heatwaves. Using long-term datasets from
current multiple subseasonal forecast systems, this study assessed the forecast skill for heatwaves
in the mid-high latitudes of the Northern Hemisphere. Analysis revealed that heatwave frequency,
intensity, and duration can be predicted up to 2 weeks in advance at the hemispheric scale. The S2S
models generally predict the occurrence of heatwave 1—2 weeks in advance and warm anomalies
3—4 weeks ahead. Two notable patterns were identified: regional dependence and a duration
effect. The former is exemplified by heatwaves in Europe being more predictable than those in East
Asia and North America, which is attributed to higher inherent predictability and stronger model
performance. The latter reflects the fact that long-duration heatwaves are more predictable than
short-duration ones within the first lead 2 weeks, primarily owing to atmospheric predictability
constraints. This study provides a more nuanced understanding of the current capabilities of S2S
heatwave forecasts.
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Unraveling Nonlinearities in Daily-Scale SPEI Construction
for Improving Extreme Drought Detection Across China

Yanbing Zhu**,2, Jianping Li*',2, Yang Zhao**, Qirong An*',2, Wei Ban*', Dongdong Qiu*®

*1 Frontiers Science Center for Deep Ocean Multi-spheres and Earth System (DOMES)/Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China, Qingdao
266100, China

*2| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China

*3School of Atmospheric Science, Nanjing University, Nanjing 210023, China

This paper systematically investigates the intrinsic nonlinear response of the Penman-Monteith
(PM) model in daily-scale Standardized Precipitation Evapotranspiration Index (SPEI) calculations
and its pronounced seasonal variation. We quantify the systematic bias arising from the
nonlinearity and demonstrate that the common practice of linearly extrapolating monthly-mean
SPEI formulations to the daily-scale is not generally valid. Due to the strong nonlinear dynamics of
the PM model at daily resolution, SPEI estimates based on daily-mean and monthly-mean forcings
are not linearly related. Neglecting this nonlinearity can lead to misidentification or omission of
drought events that occur on daily timescales. This study shows that the PM model exhibits its
strongest nonlinear response during the cold season, leading to pronounced seasonal variations
in drought-identification thresholds—lowest in boreal summer and highest in boreal winter. It also
reveals that applying fixed thresholds across seasons introduces systematic biases in drought
detection. Considering the nonlinear characteristics of the PM model, we develop a daily-scale
drought classification framework that accurately captures drought events across all seasons and
avoids seasonal biases. This framework substantially improves the detection of extreme drought
events, enabling a clear delineation of the spatial distribution of highfrequency extreme drought
occurrences. Furthermore, the proposed method with average skill score of 79.6% is shown to
significantly outperform conventional monthly-scale approaches with score of 41.5%, meaning
substantially improved drought detection performance. These findings underscore the important
role of daily-scale PM model nonlinearities in drought assessment and provide a new theoretical
foundation for developing high-temporal-resolution drought monitoring systems.

81



IBS Conference on Global Monsoon Systems

Presentation

Speaker

Abstract

82

Seok-Woo Son
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Local energetics of extratropical transition: A case study of
typhoon Hagibis (2019)

Seok-Woo Son**, Yeeun Kwon**

*1Seoul National University, Seoul, Republic of Korea

Tropical cyclones (TCs) moving into the midlatitudes often undergo notable structural changes
as they transition into extratropical cyclones (ETCs). This transition, known as the extratropical
transition (ET), results from interactions between the TC and the baroclinic environment in
midlatitudes. To elucidate the dynamical processes underlying ET, this study proposes a cyclone-
following local energetics framework and applies it to TC Hagibis (2019) in the western North
Pacific. The energy cycle intensifies during the ET phase, with its spatial structure becoming
markedly asymmetric relative to the TC phase. In both the TC and ET phases, eddy available
potential energy increases as its generation and energy conversion from background flow
dominate over the baroclinic energy conversion. During ET, enhanced diabatic heating, warm
temperature anomalies, and vertical motion appear ahead of the cyclone due to its interaction
with the midlatitude jet. This leads to an asymmetric distribution of enhanced energy sources and
energy conversions for eddy available potential energy. While eddy kinetic energy also increases
in the TC phase as baroclinic energy conversion exceeds laternal boundary flux, it decreases and
redistributes asymmetrically during ET due to enhanced divergence of eddy geopotential flux along
the boundary of the western North Pacific subtropical high and the upper-level divergent TC outflow
associated with jet-TC interaction. These results show that local energetics can effectively capture
asymmetric thermal and dynamical processes during ET, offering a physical interpretation of TC-
to-ETC transition processes.
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Interaction of Tropical Cyclones, Moisture Conveyor Belts
and Atmospheric Rivers in East Asia

Peishan Han*', Kamae Youichi*?

*1 Graduate School of Science and Technology, University of Tsukuba
*2 |nstitute of Life and Environmental Sciences, University of Tsukuba

East Asian summer rainfall is strongly affected by tropical cyclones (TCs) and atmospheric rivers
(ARs), which can cause severe rainfall over Korea and Japan. Recent studies have shown that East
Asian summer ARs are influenced by both slow monsoon related moisture transport and faster
weather scale moisture transport. However, ARs connected with TCs have not been examined
in detail from this multiscale perspective. This study focuses on South China Sea TCs that are
connected with downstream ARs through moisture conveyor belts. Connected events from June
to September during 1981 to 2020 are identified using TC tracks, AR objects, reanalysis fields, and
precipitation data, and are classified by a Multiscale Index based on integrated vapor transport
anomalies. The results show that 183 of 249 South China Sea TCs are connected with downstream
ARs, and that these events share a common moisture pathway toward Korea and Japan but differ
in rainfall pattern and TC translation speed, with 4.24 m s™" in low frequency events and 5.34 m s™'
in high frequency events. These findings suggest that TC connected ARs form a distinct subset of
East Asian summer ARs and may help improve understanding of heavy rainfall risk.
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Response of Tropical Cyclone and Its Precursors to
Stratospheric Aerosol Injection

Hyunsuk Yoon*', Andrew Feder*2, Donald Dazlich*?, Seok-Woo Son*!

*1School of Earth and Environmental Sciences, Seoul National University, Seoul, Republic of Korea
*2 Department of Atmospheric Science, Colorado State University, Fort Collins, Colorado, United
States

Tropical cyclones (TCs) often originate from weak cyclonic, moist disturbances in the tropics,
termed as TC “precursors” or “seeds”. TC genesis projections under global warming have been
widely investigated, with some studies highlighting an influential role of TC precursors. However,
fewer studies have examined the response of TC and its precursors to climate interventions, such
as stratospheric aerosol injection (SAI), mostly relying on monthly proxies or coarse-resolution
climate model experiments. In this regard, this study investigates changes in TC genesis and its
precursors under SAl and quantifies the contribution of TC precursors to TC genesis changes using
high-resolution global atmospheric model simulations. Comparing simulations of global warming
scenarios with or without SAl reveals that SAl enhances TC genesis but suppresses TC precursor
formation in the North Pacific, particularly in the tropical eastern North Pacific, indicating a rather
minor role of TC precursors in TC genesis changes. TC genesis decomposition analysis confirms
that such an enhancement in TC genesis predominantly arises from a higher precursor-to-TC
transition rate rather than TC precursor changes. Weaker vertical wind shear and mid-tropospheric
moistening under SAl likely provide more favorable conditions for TC precursors, thereby promoting
their intensification into TCs and thus TC genesis. These results highlight that SAl influences TC
genesis by modulating the large-scale environment rather than TC precursors. This counters
previous findings from global warming scenarios, suggesting that different climate forcings may
yield distinct pathways for TC genesis changes.
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The Potential Predictability of July-August 2025 Extreme
Precipitation Anomalies over Northern China from the
Western Pacific and North Atlantic/Barents-Kara Sea

Xinyu He*',2 3 Bian He*",2, Yimin Liu**,2,3, Guoxiong Wu*',2,3, Chen Sheng*?, Bin Tang**,2, Natalia
Victorovna Vazaeva**

*1State Key Laboratory of Earth System Numerical Modeling and Application, Institute of
Atmospheric Physics (LabESM), Chinese Academy of Sciences, China

*2 State Key Laboratory of Numerical Modeling for Atmospheric Sciences and Geophysical Fluid
Dynamics (LASG), Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China
*3 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing,
China

*4The Laboratory of geophysical hydrodynamics of the A.M. Obukhov institute of Atmospheric
Physics of Russian Academy of Sciences (IAP RAS), Moscow, Russia

Northern China (NC) extreme precipitation is modulated by multiple large-scale external forcings.
This study investigates the different external sources of predictability for 2025 NC extreme
precipitation in July and August respectively due to distinct physical mechanisms and revealed
how their signals could improve the predictions of the case. To investigate sources of enhanced
predictive skill, the Subseasonal-to-seasonal (S2S) models are divided into high-skill and low-
skill groups. In July, the enhanced S2S forecast skill primarily originates from models' accurate
representation of tropical forcing, where typhoon-induced convection over the subtropical
western Pacific (WP) triggers a northwardpropagating Pacific-Japan (PJ) wave train. This
induces westward moisture transporting from warm WP along the edge of norward extended
Western Pacific Subtropical High (WPSH), improving NC precipitation prediction. In contrast,
predictability in August stemmed from mid-latitude wave trains propagating eastward from the
North Atlantic (NA)/ Barents-Kara Seas (BKS). High-skill models could better capture wave-train-
induced energy conversions over NC, which eventually leads to more reasonable prediction of NC
extreme precipitation in August. Although the predictability is well indicated by S2S models, most
of the models underestimate the intensity of NC extreme precipitation. The nudging experiments
further quantitatively demonstrate that predictability over WP contributed to improved NC
extreme precipitation intensity by approximately 78% in July, while predictability over NA and BKS
contributed to the refined intensity by approximately 46% and 66% in August respectively.
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Process-Based Attribution of Observed Evapotranspiration
Changes and Their Representation in Climate Model
Ensembles

Hsin Hsu*"

*National Taiwan University, Taipei, Taiwan

Evapotranspiration (ET) connects the terrestrial and atmospheric branches of the water and energy
cycles. Soil moisture (SM) is typically considered a primary control on ET. However, attributing
observed ET changes to SM remains challenging because climate change simultaneously alters
energy availability, atmospheric conditions, vegetation, and land use. Here, we introduce an
empirical framework that decomposes ET changes into two mechanistic pathways: a SM-driven
pathway and a non-SM-driven pathway. Applying this framework to the remote-sensing-based
GLEAM4 dataset reveals substantial regional ET changes during the early twenty-first century.
Most pronounced ET declines are associated with the SM-driven pathway, whereas several regions
exhibiting modest ET increases are primarily influenced by non-SM processes.

To investigate the origins of these changes, we compare observations with historical simulations
from CMIP6, AMIP6, and large-ensemble experiments. Regions of increasing ET across northern
mid- and high latitudes are generally represented within coupled-model ensemble distributions,
suggesting consistency with externally forced responses. In contrast, the substantial ET decline
over the southwestern United States is absent from CMIP6 ensembles but emerges in AMIP
simulations, indicating a likely influence of sea-surface-temperature-forced variability. Meanwhile,
the pronounced ET increase over southeastern China is not represented by either CMIP6 or AMIP6
ensembles, highlighting a potentially important role for processes that are inadequately represented
in current model experiments.

Together, these results demonstrate how pathway-based attribution can provide new insights into
the mechanisms and origins of observed hydroclimatic change.
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Forecasting monsoon onset for millions of farmers weeks
in advance by combining dynamical, Al, and statistical
models

William R. Boos**, Colin Aitken*?, Rajat Masiwal*?2, Katherine Kowal*2, Mayank Gupta*2, Adam
Marchakitus*2, Tyler Yang*', Amir Jina*?, Pedram Hassanzadeh*?2, Michael Kremer*2

*1University of California, Berkeley, USA
*2University of Chicago, USA

The continental-scale reorganization of atmospheric circulation that accompanies monsoon onset
has been studied for over a century, and the progressive spatial expansion of rainfall during this
transition has great consequence for billions of people. Farmers in particular make consequential
decisions about planting based on their expectations of when this transition will occur. However,
in India no weeks-ahead forecast of the timing of this rainfall transition has been available to
farmers or even shown to be skillful. Here, we describe the development and deployment of a new
forecasting system for regional, agriculturally relevant monsoon onset that blends numerical
weather prediction (NWP) models, artificial intelligence (Al) weather prediction models, and a new
statistical model for the probability of first-occurrence events in a season. A novel feature of this
hybrid dynamical-Al-statistical systemiis its ability to account for the likelihood of future dry periods,
after an initial rain event, beyond the time horizon of NWP or Al model output. Finally, we describe
the methods used to deploy this system in real time, and discuss the successful dissemination of
onset date forecasts directly by SMS to tens of millions of farmers in India.
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Subseasonal predictability of cross-time scale monsoon-
tropical cyclone interaction over Asia-Pacific region

Congwen Zhu*', Wanyi Sun**, Qi Wang*', and Yuhan Yan*"

*1 State Key Laboratory of Severe Weather Meteorological Science and Technology (LaSW),
Chinese Academy of Meteorological Sciences (CAMS), Beijing, China

The subseasonal forecast of extreme heavy rainfall beyond two weeks shows a great challenge
over the mid-latitudes of Asia-Pacific region, dominated by the cross-time scale monsoon-tropical
cyclone interaction during boreal summer. Our results show the extreme heavy rainfall over North
China, was strongly caused by remote impacts of tropical cyclone-monsoon flow interactions. For
example, in the case over Henan, inland of China in July 2021. The Typhoon In-Fa amplified the East
Asian Summer Monsoon (EASM) flow through potential vorticity advection, strengthening a mid-
latitude anticyclone in the troposphere over Northeast Asia, steering northward track of In-Fa via
enhanced cyclonic vorticity in its north. The cross-time scale interaction between In-Fa and the
EASM intensified easterly winds, facilitated long distance moisture transport, and resulted in this
extreme heavy rainfall event. However, all S2S models underestimated the super extremeness of
this event, due to the poor predictability of In- Fa and its impact on the extreme rainfall event, even
within a few days forecast lead. On seasonal time scale, the interannual variability of annual extreme
heavy rainfall events in North China is significantly locked by the phase and amplitude mode of the
annual cycle of the EASM, suggesting the higher seasonal predictability, due to the impacts of SST
warming over North Pacific Ocean and phase of El Nifio. As a result, the downscaling impact of
annual cycle of EASM is possibly an important source of subseasonal predictability of the extreme
heavy rainfall over the mid-latitudes of Asia-Pacific region, via the cross-time scale monsoon-
tropical cyclone interaction.
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Effects of the Realistic Representation of Vegetation
Variability on Climate Predictions at Seasonal and Decadal
Time Scales

A. Alessandri, E. Di Carlo, F. van Oorschot, A. Cherchi, F. Catalano, G. Balsamo, S. Boussetta, T. N.
Stockdale, M. Balmaseda, E. Tourigny, P. Ortega

Vegetation is a relevant and highly dynamic component of the Earth system and its variability — at
seasonal, interannual, decadal and longer timescales — modulates the biophysical coupling with
the atmosphere by affecting surface variables such as roughness, albedo and evapotranspiration.
In this study, we investigate the effects of improved representation of vegetation dynamics on
climate predictions at seasonal and decadal timescales. To this aim, the observational constraints
from the latest generation satellite datasets of vegetation cover & characteristics have been
integrated in the modeling. The improved vegetation representation is implemented in HTESSEL,
i.e. the land surface model included in the seasonal forecasting (ECMWF SEAS5) and decadal
prediction (EC-Earth3 DCPP configuration) systems used here.

Our results show that the realistic representation of vegetation variability has significant effects
on the prediction skill. In both seasonal and decadal experiments the bias of 2m Temperature
(T2M), mean sea-level pressure and zonal wind reduces during boreal winter (December-January-
February: DJF) over the mid-to-high latitudes of the Northern Hemisphere. Consistently, the
skill in predicting DJF T2M significantly improves, especially over Euro-Asian Boreal forests.
This improvement is shown to be due, at least in part, to the more realistic representation of
the interannual albedo variability that is related to the changes in vegetation shading over snow.
Remarkably, a large-scale ameliorating effect on circulation originates from the region with the
most considerable T2M improvement over Asian Boreal forests, encompassing the Northern
Hemisphere mid-to-high latitudes from Siberia up to North Atlantic. The results further indicate
that the coupling from the land-surface might operate by amplifying locally the signal originating
from the North Atlantic sector therefore producing improved T2m skill locally when the NAO
teleconnection is active. Concurrently, the improved skill over Euro-Asian domain appears to
feedback to the large-scale circulation, enhancing the representation of the circulation pattern and
the associated interannual anomalies.
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Predictability of interannual variations in East Asian
summer rainfall under the combined influence of active
monsoon and landfalling tropical cyclones
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East Asian summer rainfall (EASR) exhibits substantial spatial and temporal diversity. One of its
prominent and impactful forms is monsoon—TC landfall (MS-LTC) rainfall, which occurs when
the East Asian summer monsoon (EASM) coincides with landfalling tropical cyclones (TCs) and
typically leads to extreme rainfall and flooding over China. However, the physical mechanisms
governing MS-LTC rainfall and its seasonal predictability remain poorly understood. Observations
from 1983 to 2023 show that the leading mode of MS-LTC rainfall is dominated by interannual
variability, featuring two anomaly centers located over the Western North Pacific (WNP) and
North China, and associated with a meridional dipole circulation over East Asia (EA), comprising a
low-latitude cyclone and a mid-latitude anticyclone. Two independent and physically meaningful
precursors have been identified: Arctic sea ice concentration (SIC) anomalies over the Greenland
and Barents Seas, and cold sea surface temperature anomalies (SSTAS) in the far eastern
equatorial Pacific (Nifio1+2 region). The Arctic SIC anomalies can persist from the preceding
winter through summer, primarily maintained by the sea ice—albedo feedback and the ocean
memory effect over the Greenland and Barents Seas, respectively. Both observations and numerical
experiments demonstrate that these anomalies excite a downstream Rossby wave train, facilitating
the development of the meridional dipole pattern over EA. Concurrently, La Nifia—like SST cooling
induces a baroclinic response over EA that exhibits a circulation structure opposite to the Pacific—
East Asia (PEA) teleconnection, thereby sustaining the dipole pattern. A physics-based empirical
prediction (P-E) model that combines MAM SIC and JFM Nifio1+2 indices achieves the highest
skill in predicting MS-LTC PC1 during the hindcast period. This P-E model provides a physically
grounded and operationally feasible tool for the seasonal prediction of MS-LTC rainfall.
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Predictable cooling demand extremes under anthropogenic
forcing enable multi-year adaptation planning

Alexia Karwat'™, June-YiLee*',2, Yong-Yub Kim*2 3,4, Jeongeun Yun*', and Sun-Seon Lee*?

*1Research Center for Climate Sciences, Pusan National University, Busan, Republic of Korea
*2 Center for Climate Physics, Institute for Basic Science, Busan, Republic of Korea

*3 Geophysical Institute, University of Bergen, Bergen, Norway

*4Bjerknes Centre for Climate Research, Bergen, Norway

Heatwaves are rapidly increasing cooling demand, placing growing strain on societies and
amplifying climate risk under global warming. Yet the potential to predict extreme cooling demand
on seasonal-tomulti- year timescales remains poorly understood. Here, we assess the multi-year
predictability of heatwave days, Cooling Degree Days (CDDs), and derived categories of potential
cooling demand across major Northern Hemisphere hotspots using initialized and uninitialized
simulations from the Community Earth System Model version 2 Multi-year Prediction System
(CESM2-MP) for the period 1981-2020. We find that externally forced climate signals provide a
substantial contribution to the predictability of summer heatwaves, with correlation skill exceeding
r>0.6 in several hotspot regions at one-year lead time. This enables skillful multi-year forecasts of
dry and humid CDDs, with hit rates of 55-70% for elevated cooling demand and >70% in arid and
semi-arid regions. These climate-based metrics are supported by observed relationships between
temperature, heatwaves, and electricity demand across hotspot regions in the southwestern
United States and Asia. This highlights robust and region-dependent sensitivities to heat extremes,
although sensitivities may be overestimated where demand-side interventions are not represented,
while also reflecting structural differences in population density, economic exposure and access
to electricity. Forecasts further distinguish between below-normal, elevated, and extreme demand
years, with strongest performance (hit rates >70%) in the southwestern United States, the Middle
East, Central America, and Southeast Asia-regions experiencing rapidly rising heat exposure and
structural energy vulnerability. Together, our results show that anthropogenic warming is not only
intensifying heat extremes but also increasing their potential forecastability, enabling early warning
of extreme cooling demand seasons to years in advance. This emerging predictability offers critical
opportunities to improve early warning of peak demand, supporting more effective climate-resilient
energy planning, adaptation strategies, and equitable protection in a warming world.
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DSDL-Based Interpretable Modeling of the Pacific Decadal
Oscillation: Implications for East Asian Summer Monsoon
Variability

Guangcan Liu*', Jianping Li*",2

*1 Frontiers Science Center for Deep Ocean Multi-spheres and Earth System (DOMES)/Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China, Qingdao
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*2| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China

The Pacific Decadal Oscillation (PDO) is a major low-frequency mode of the North Pacific
ocean— atmosphere system, with potential implications for East Asian climate anomalies,
summer precipitation patterns, and decadal climate variability. Previous studies have linked PDO
phase transitions to changes in East Asian summer monsoon intensity, summer rainfall over
northern China, and the “southern-flood— northern-drought” rainfall pattern over eastern China.
Understanding the physical sources of PDO predictability is therefore essential to clarifying the
formation and temporal evolution of North Pacific decadal variability, while also providing insight
into the low-frequency variability of the East Asian summer monsoon.

Using long-term observational and reanalysis datasets, this study applies the Dynamical System
Deep Learning (DSDL) framework at the annual-mean time scale to identify key ocean—atmosphere
precursors associated with the temporal evolution of the PDO. The framework constructs a self-
consistent set of precursor factors with robust predictive contributions and develops a physically
interpretable data-driven prediction model for PDO variability. Preliminary results indicate that PDO
predictability is partly associated with anomalous signals in the Kuroshio—Qyashio Extension and
central North Pacific sea surface temperature. These signals represent the low-frequency evolution
of the PDO and provide relatively stable precursor information for its decadal variability. Given that
PDO-related background states may further modulate the western North Pacific subtropical high,
the midlatitude jet, and East Asian atmospheric circulation, this study offers a basis for assessing
the potential contribution of PDOrelated decadal variability to East Asian summer monsoon
predictability.

Keywords: Pacific Decadal Oscillation; Dynamical System Deep Learning ; predictability; East
Asian summer monsoon.
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Exceptional multi-year prediction skill of the Kuroshio
Extension in the CESM high-resolution decadal prediction

Who Kim**, Stephen Yeager*2, Gokhan Danabasoglu**, Ping Chang*?

*1 National Center for Atmospheric Research
*2 Texas A&M University

The Kuroshio Extension (KE) has far-reaching influences on climate as well as on local marine
ecosystems. Thus, skillful multi-year to decadal prediction of the KE state and understanding
sources of skill are valuable. Retrospective forecasts using the high-resolution Community
Earth System Model (CESM) show exceptional skill in predicting KE variability up to lead year 4,
substantially higher than the skill found in a similarly configured low-resolution CESM. The higher
skill is attained because the high-resolution system can more realistically simulate the westward
Rossby wave propagation of initialized ocean anomalies in the central North Pacific and their
expression within the sharp KE front, and does not suffer from spurious variability near Japan
present in the low- resolution CESM that interferes with the incoming wave propagation. These
results argue for the use of high-resolution models for future studies that aim to predict changes in
western boundary current systems and associated biological fields.
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Climate Change Granularity

Over the past decades, the Coupled Model Intercomparison Project (CMIP) has greatly improved
our understanding of Earth’s variability and climate sensitivity, informing IPCC assessments and
stakeholder decisions. However, many CMIP models remain too coarse to realistically resolve key
atmospheric processes such as clouds, extreme rainfall, topographic effects, diurnal convection,
and tropical cyclones. In this talk, | present a new iterative modeling protocol for highresolution
global climate simulations. Using the coupled Earth system model OpenlFS—FESOM2 (AWI-CM3)
at 9 km atmospheric resolution and 4-25 km ocean resolution, we ran a 20-year control simulation
for 1950 conditions and four 10-year transient simulations for the 2000s, 2030s, 2060s, and 2090s
under SSP5-8.5. Compared with the 31 km lowresolution experiment, the 9 km control simulation
shows much finer spatial detail in the mean state and variability, especially over mountains. It
also captures small-scale topographic influences on ENSO, the North Atlantic Oscillation, and
other climate modes. In addition, the high-resolution runs reveal diurnal convective circulation
features in the tropics that the low-resolution model misses, as well as more frequent extremes in
temperature, wind, and rainfall.

Under SSP5-8.5, the high-resolution simulations show strong regional detail in climate change
patterns. Topography shapes projected changes in extreme rainfall and temperature in alpine
regions, while land-ocean warming contrasts affect land-sea breeze circulations and intensify
coastal rainfall, including along the North Sea. Overall, km-scale coupled modeling is essential for
realistically simulating key atmospheric processes and regional climate impacts. Next-generation
high-resolution Earth system models will be important for climate impact studies, policy support,
and adaptation planning.
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Foundation Model Framework for Weather and Climate

Yoo-Geun Ham*!

*1 Department of Environmental Management, Seoul National University, Seoul, South Korea

Artificial intelligence (Al) has emerged as a transformative technology for improving the accuracy
and computational efficiency of weather and climate prediction. Here, we introduce the SNU Al
for Weather- Climate framework, an integrated ecosystem of Al models designed to learn and
predict the major components of the Earth system. The framework consists of an atmosphere—
land coupled model (SNUAtm- Lnd), an ocean prediction model (SNU-Ocn), an Al-based data
assimilation system (SNU-ODA), a super-resolution model (SNU-SR), a carbon-cycle model (SNU-
C02), and SNU-Seasonal as a domainspecific model for seasonal forecasts.

SNU-Atm-Lnd _v1 incorporates a multi-step loss function to effectively learn spatiotemporal
interactions between the atmosphere and land surface, thereby reducing the accumulation of
short-term forecast errors and capturing the dynamics of coupled processes. Building upon this
foundation, SNU-Atm- Lnd _v2 further improves physical consistency and predictive skill. SNU-
Ocn adopts the HEALPIx (Hierarchical Equal Area isoLatitude Pixelization) grid system, providing
numerically stable during multidecadal integrations and realistically reproduces major modes of
tropical and extratropical climate variability, including the EI Nifio—Southern Oscillation (ENSO),
the Indian Ocean Dipole (I0D), and the North Tropical Atlantic (NTA) variability along with the
high-frequency oceanic phenomena such as Tropical Instability Waves (TIWs) under prescribed
atmospheric forcing.

SNU-ODA _v1 employs partial convolution to account for the spatial irregularity and incompleteness
of observational networks, enabling effective utilization of sparse and heterogeneous observations.
Subsequently, SNU-ODA _v2 extends the framework with uncertainty estimation capabilities,
providing probabilistic information that supports confidence-aware forecasting and decision-
making. SNU-SR utilizes an Implicit Neural Representation (INR)-based architecture to reconstruct
high-resolution weather and climate fields from coarse-resolution inputs, thereby enhancing the
usability of regionalscale information. SNU-CO2 learns the spatiotemporal variability of oceanic
and terrestrial carbon fluxes, extending the framework toward climate-change applications and
Earth system carbon-cycle prediction.

Finally, SNU-Seasonal is specifically designed for seasonal forecasting to overcome the limitations
imposed by the relatively small number of available training samples.
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Emergent-constrained future drought changes under low
to moderate emission scenarios: from CMIP5 to CMIP6 with
explicit external forcings

Ke Jin*2, Tianbao Zhao*", Aiguo Dai*?

*1Key Laboratory of Regional Climate-Environment Research for Temperate East Asia, Institute of
Atmospheric Physics (IAP), Chinese Academy of Sciences (CAS), Beijing, China

*2 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing,
China

*3 Department of Atmospheric and Environmental Sciences, University at Albany, SUNY, Albany,
NY, USA

Drought is projected to become more severe and widespread under greenhouse gas (GHG)-induced
global warming. However, substantial uncertainties persist in future drought projections among
climate models. Traditional emergent constraint (EC) approaches often utilize raw historical
simulations as predictors, which inevitably aliases unforced internal climate noise into the emergent
relationship, given that the single observed climate record represents only one realization of internal
variability, whereas multi-model simulations feature randomized phases. Here, we present a
physically sound EC framework by isolating the deterministic externally forced signals from internal
variability, using the self-calibrated Palmer drought severity index with Penman-Monteith potential
evapotranspiration (scPDSIpm) from CMIP5 and CMIP6 models. Historical forced signals driven
by GHGs alone and combined with volcanic/anthropogenic aerosols (GHGs+VA/AA) are extracted
via Empirical Orthogonal Function analysis of the multi-model ensemble mean. Our results reveal
that while future drought changes are primarily driven by GHGs, the constraint efficiency decreases
when incorporating historical VA/AAforcing, owing to the shifting pathways of aerosol emissions
from historical periods to future low-tomoderate scenarios. After successfully constraining the
projections, we find that global-mean future drought risks have been substantially underestimated
in raw model outputs: drought events are constrained to be more severe, frequent, and prolonged.
Regionally, the constrained projections amplify the drying trends in hotspots like southern Europe
and southern Africa, while rectifying the overestimated drought risks over the Tibetan Plateau
and central Asia. This study underscores the imperative of filtering out internal climate noise in
emergent constraints to achieve more reliable and policy-relevant projections of regional drought
risks.
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Constrained Projection of global Monsoon Rainfall Changes

Tianjun Zhou*", Ziming Chen**, Xin Huang*", Xiaolong Chen*'

*1Institute of Atmospheric Physics, Chinese Academy of Sciences

Climate projections are based on emission scenarios. Different scenarios correspond to different
socioeconomic pathways. While global land monsoon precipitation is projected to increase in
the future associated with global warming, there still exists large uncertainty at regional patterns
and intensity. The sources of uncertainty arise from internal variability, model uncertainty, and
scenario uncertainty. The objective of the talk is to summarize our progress in understanding
the origin of uncertainty in monsoon precipitation projection and discuss how to narrow down
uncertainty by developing emergent constraint methods. We found that model uncertainty
dominates the uncertainty in monsoon rainfall projections. The circulation change explains the
inter-model uncertainty. Internal variability is important in the near-term projection. Monsoon
rainfall increases are due to moisture increases, while partly offset by the dynamic responses to
weakened atmospheric circulation. Regionally, the enhancement of precipitation over the Asian
monsoon region is robust, while the American monsoon precipitation will be reduced. For the near-
term projection, we show evidence that internal variability can overshadow the forced South Asian
monsoon rainfall trend, leading to large projection uncertainties for the next 15 to 30 years. The
Interdecadal Pacific Oscillation (IPQ) is, in part, responsible for the uncertainties. Removing the
IPO-related rainfall variations reduces the uncertainties in the near-term projection of the Asian
monsoon rainfall. For the long-term projection, the spread of Asian-African monsoon rainfall
projection is related to present-day Inter-hemispheric Thermal Contrast (ITC) biases. Models with
alarger present-day ITC trend tend to project more increases of rainfall. Emergent constraint based
on historical ITC shows less increase than that in the unconstrained (raw) projection by ~30%, with
the largest reduction in the West African monsoon region. The land area experiencing a significant
increase in rainfall and potential water availability are ~57% and ~66% of the raw projection.
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Consistency of regional and global climate projections over
East Asia in CORDEX-CMIP5
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*1 Earth System Division, National Institute for Environmental Studies, Tsukuba, Japan
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Dynamical downscaling provides high-resolution climate projections for impact assessments.
However, within the CORDEX-CMIPS5 framework, the consistency of these projections with the
driving global climate models (GCMs) remains uncertain over East Asia. Here, we evaluate the
consistency of future projections from three regional climate models (RCMs) with their driving
GCM s for six surface variables widely used in impact assessments: air temperature, precipitation,
downward shortwave and longwave radiation, wind speed, and relative humidity. In the annual
mean, RCMs systematically weaken the increasing trend in shortwave radiation observed in
GCMs. Similarly, increases in temperature and longwave radiation are reduced in RCMs. Increases
in precipitation are also reduced, while surface wind weakening is enhanced, both of which show
substantial inter-model uncertainty. The sign of the relative humidity trend varies across RCMs,
unlike the drying trend in GCMs. These differences between future projections from RCMs and
GCMs may partly reflect simplified aerosol implementations in RCMs, as well as other processes
such as resolved topography and cloud physics. These results highlight the need to consider
consistency with driving GCMs, in addition to added value, when using downscaled projections in
impact assessments.
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Multi-fold Increases in Compound Heat, Dry, and Wet
Extremes Across Asia with Rapid Growth in Population
Exposure by the latter half of the 21st Century
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Estimating changes in compound weather and climate extremes, including simultaneous or
sequential combinations of heat, drought, and extreme precipitation, is essential for assessing
societal risks and developing adaptation strategies under continued greenhouse gas warming.
Using bias-corrected highresolution projections under different emissions scenarios, we show
multi-fold increases in the frequency and duration of simultaneous or sequential compound events
for the period of 2070-2100 relative to 1980—2014 across most of Asia. While coincident heat-
dry events are projected to increase across arid Central, West, and North Asia, sequential heat-
extreme precipitation events are projected to escalate in monsoonal South, East, and Southeast
Asia, driven by enhanced land-atmosphere feedback and shifts in precipitation. Population
exposure is projected to rise 5 to 25 times, increasing from 1-4 x 10° person-events under SSP1-
2.6t0 4-8 x 10° under SSP5-8.5, with East, Southeast, and South Asia (~4.7 billion people)
disproportionately affected. Climate effects dominate exposure growth (30— 100% contribution),
amplified by population increases in SSP3-7.0 (up to 50% in humid zones). However, sparsely
populated Central, West, and North Asia show lower or declining exposure levels (0.5-8 x 10°
person-events). Event magnitude projections indicate 4—5°C warming during heat-dry and heat-
wet events, and 3—5mm day™' precipitation intensification in monsoon regions, signaling widening
hazard contrasts between humid and arid regions. Our results further show that stronger emissions
reductions (e.g., SSP1-2.6) could reduce exposure by 5-8 billion person-events relative to high-
emissions scenarios, underscoring the urgency of large-scale, rapid mitigation and region-specific
adaptation.
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Poleward Displacement of the East Asian Summer Front
and Increasing Risk of Compound Extremes

Suyeon Moon**, OkYeon Kim*?, Hyungjun Kim*2
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The East Asian summer front (EASF) governs seasonal precipitation and thermal extremes across
East Asia, yet its long-term positional changes remain poorly understood. Using ERAS reanalysis
over 1979-2025, we identify a significant poleward displacement of the EASF: 1.43°Nin early July
and 1.85°N in September. These shifts are driven by distinct mechanisms across the two periods.
In early July, the displacement is associated with a strengthened subtropical high and enhanced
moisture transport. In September, the dominant control shifted from subtropical high-pressure
dominance (1979-1998) to intensified moisture transport combined with localized sea surface
temperature warming (2006 -2025).

This poleward shift reorganizes regional hydroclimate, increasing frontal precipitation risk over
Korea and northern China while amplifying heat-related hazards. Together, these changes raise the
likelihood of compound extremes. Our findings identify EASF displacement as a critical pathway
linking large-scale circulation change to regional climate risk, with direct implications for regional
projection and adaptation planning.
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Latitude-Dependent Sensitivity of Stratospheric Aerosol
Injection on the future Global Monsoon

Youngjoo Cho**, Hyemi Kim*"

*1 Ewha Womans University, South Korea

Climate engineering refers to scientific and technological interventions in the Earth’s climate
system to mitigate the impacts of climate change. Among these methods, Stratospheric
Aerosol Injection (SAl) reflects incoming solar radiation by injecting sulfur dioxide (SO-) into the
stratosphere to induce cooling. While SAl may be effective in reducing global mean temperature, its
regional climate impacts—particularly on the global monsoon—remain uncertain.

This study investigates how the future global summer monsoon (JJAS) responds to different
S0: injection latitudes using CESM2-WACCM®6 simulations. SO2 was injected into the lower
stratosphere (~22 km) at seven latitudes ranging from 45°S to 45°N at 15° intervals, under SSP2-
4.5 background conditions.

The monsoon response to single-point injection is governed by competing thermodynamic and
dynamic mechanisms. Thermodynamically, SAl-induced cooling reduces specific humidity
via the Clausius-Clapeyron relation, favoring drying. Dynamically, hemispherically asymmetric
cooling enlarges the inter-hemispheric energy imbalance and shifts the ITCZ toward the warmer
hemisphere. Under Southern Hemisphere injection, this northward shift intensifies the low-level
jet over the Asian monsoon—the most sensitive monsoon component. Although the stronger
cooling at lower than upper levels stabilize the local atmosphere, the enhanced horizontal moisture
convergence overwhelms this stabilization, driving stronger ascent and increased precipitation.
Conversely, Northern Hemisphere injection weakens the meridional temperature gradient and
the low-level jet, shifting the ITCZ southward and suppressing precipitation. These findings
demonstrate that injection latitude can reverse the sign of the monsoon precipitation response,
driven primarily by dynamic rather than thermodynamic processes.
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Statistical and Simulation Study of Low-Altitude Jets over
the Qiongzhou Strait for Low-Altitude Flight Safety

Yifang XING*", Wenjie DONG**,22
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*3School of Atmospheric Sciences, Key Laboratory of Tropical Atmosphere-Ocean System,
Ministry of Education, Sun Yat-sen University

With the rapid growth of the low-altitude economy and cross-sea unmanned aerial vehicle (UAV)
transport, meteorological hazards over complex terrain have become a key concern for low-altitude
flight safety. The Qiongzhou Strait is a narrow east-west channel shaped by land-sea contrasts and
terrain on both sides, making it favorable for low-level jet formation and posing a potential threat
to cross-sea low-altitude flight. This study used ERAS reanalysis data for 2015—-2024 and wind-
resistance thresholds of representative UAVs to develop a low-level jet identification criterion for
low-altitude flight safety over the Qiongzhou Strait. It further characterizes the spatiotemporal
variability of low-level jets in the region. A representative event on 27 March 2024 was further
simulated using high-resolution Weather Research and Forecasting Large Eddy Simulation
(WRF-LES) to diagnose its three-dimensional structure, vertical wind shear,and turbulence
characteristics.Results show that low-level jets occurred over the Qiongzhou Strait with an annual
mean frequency of approximately 3.79% during 2015-2024. Median jet-core wind speeds were
primarily 9.5-10.5 m/s, indicating wind conditions that require attention for low-altitude UAV
operations. The jets occurred frequently from afternoon to nighttime, with a clear seasonal cycle:
frequency was highest in autumn, followed by winter, and lowest in summer.The simulation
indicates that the jet reached maturity during 09:00—10:00 UTC, with a maximum core wind speed
of 15.5 m/s, and about 4 m/s stronger than the background winds along the northern and southern
coasts. The jet core was mainly located at 160—200 m. As the jet transitioned from maturity to
weakening, vertical wind shear and turbulent kinetic energy increased significantly. The 100—200
m layer was the main shear-risk layer, while strong turbulence remained below 300 m. These
findings provide guidance for flight-window selection,flight-altitude planning,and low-altitude
meteorological risk warnings for UAV operations across the Qiongzhou Strait.
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Explainable Seasonal Predictability of East Asian Monsoon
driven by Tropical Climate Modes using Extended Recharge
Oscillator

Kiwook Kim**, Fei-Fei Jin*2, Sen Zhao*2, Myong-In Lee*!

*1 Ulsan National Institute of Science and Technology, Ulsan, South Korea
*2University of Hawaii at Manoa, Honolulu, USA

Interannual variability of the East Asian summer monsoon strongly influences hydroclimate,
agriculture, and socioeconomic systems across Asia. However, the long-range predictability of
the West North Pacific Monsoon (WNPM), a key component of the East Asian summer monsoon
system, remains poorly understood. Here we investigate WNPM predictability using a 1959-
2025 hindcast generated by an Extended Recharge Oscillator (XRO) framework that represents
interactions among the EI Nifio—Southern Oscillation (ENSO) and tropical climate modes. We
show that the summer transition of Central Pacific (CP) El Nifio acts as a key precursor of WNPM
variability, enhancing hydroclimatic anomalies across East Asia during late spring and early
summer. In contrast, persistent CP EI Nifio events produce a substantially weaker WNPM response.
We further show that strengthened WNPM teleconnections during CP El Nifio summer-transition
years are significantly associated with interannual variability in soybean yields across East Asia.
These findings demonstrate a physically interpretable pathway linking tropical climate variability
to monsoon predictability and agricultural impacts, highlighting opportunities for improved long-
range climate prediction.
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The Silent Expansion of Fire Activity in Continental Tropical
Asia shaped by natural and anthropogenic forces

Qingyu Cai*!

*TYunnan University

While research has largely focused on boreal fires, here we show a significant increase in spring fire
activity across continental tropical Asia between 2001 and 2020, characterized by two prominent
hotspots. We further show that this upward trend in fire activity is driven by distinct regional
mechanisms. In the Indian Peninsula hotspot, anthropogenic agricultural burning across expanding
cropland has amplified fire activity. In contrast, the Indo-China Peninsula hotspot is dominated
by wildfires linked to reduced precipitation driven by internal climate variability. Large ensemble
climate simulations identify Pacific decadal variability as a key driver of this regional drying, beyond
what can be explained by anthropogenic forcing alone. These findings highlight an overlooked
increase in tropical fire activity and reveal distinct regional drivers shaping the overall upward fire
trend across continental tropical Asia. Policymakers should account for these factors to design
effective climate mitigation and fire risk management strategies for the region.
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Attribution of Dry-Season Drying to Remote Forcings, with
Regional Modulation by Local Land-Use Change over the
Amazon (1980-2014), from CESM2 All-But-One Experiments

Yen-Ting Chou*', Yen—Ting Hwang*", Yu-Chiao Liang*", Min—Hui Lo*!

*1 Department of Atmospheric Sciences, National Taiwan University

The Amazon basin experienced pronounced drying in the dry season (June-July-August-
September) between 1980 and 2014, a period coinciding with continued greenhouse-gas
emission, decline of anthropogenic aerosol loading over the North America and Europe. This period
also featured with peak stratospheric ozone depletion, a transition from major tropical volcanic
eruptions to prolonged volcanic quiescence, and intensive regional land-use change, complicating
the external forcing impacts on Amazon hydroclimate. Therefore, the relative contributions of
these external forcings via remote or local pathways to the decline in Amazon precipitation remain
less explored. Using the CESM2 All-But-One Forcing Attribution Experiments (CESM2-FE), we
show that externally forced drying arises from two distinct physical pathways: altered meridional
circulation driven by remote forcings, and disrupted landatmosphere interactions driven by local
land-use change. Among the remote forcings, the late twentiethcentury reduction in anthropogenic
aerosols produced a “warm-north, cool-south” sea surface temperature gradient across the
tropical Atlantic, shifting the meridional overturning circulation northward and inducing anomalous
subsidence over the northern Amazon. This pathway accounts for nearly half of the observed basin-
wide drying in CESM2 simulations. Concurrently, land-use change suppressed moisture recycling
by reducing evapotranspiration across the southern Amazon, contributing approximately one-fifth
of the total precipitation decline. These results reveal how remote and local forcings drive spatially
heterogeneous hydroclimate responses through mechanistically distinct pathways.
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Eui-Seok Chung

Korea Polar Research Institute
echung@kopri.re.kr

On the causes of model-observation discrepancies in
tropical troposphere warming estimates

Eui-Seok Chung**, Seong-Joong Kim**, Byung-Ju Sohn*2, Young-Chan Noh*!, Viju John*3

*1 Korea Polar Research Institute, Incheon, South Korea
*2 Seoul National University, Seoul, South Korea
*3EUMETSAT, Darmstadt, Germany

Most climate model simulations substantially overestimate tropical tropospheric warming trends
over the satellite era. In this study, by analyzing tropospheric temperature changes in conjunction
with precipitation-weighted sea surface temperature (SST) over a period including the pre-satellite
era, we show that model-observation discrepancy in the tropical tropospheric warming trends over
the satellite era has resulted in large part from multi-decadal climate variability and observational
uncertainties. Analyses indicate that although the model-observation discrepancy is closely
linked to multi-decadal climate variability-related La Nifia-like tropical Pacific SST trends, the
overestimation remains over the satellite era in model simulations forced by observed SSTs. The
relationship between tropical tropospheric temperature and precipitation-weighted SST trends is,
however, found to exhibit a broad model-observation consistency over the extended period. This
suggests an overall agreement on moist thermodynamic processes and thus uncertainties in the
satellite-observed tropospheric temperature trends. These results underscore the importance
of sustaining an accurate long-term observing system as well as constraining the model
representation of tropical Pacific SST change and variability.
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Chae-Yeon Shim

POSTECH
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Attribution and projection of 2020 summer-like hot-wet
compound extremes in East Asia using large-ensemble
regional climate simulations

Chae-Yeon Shim**, Seung-Ki Min**, Donghyun Lee*?2, Sarah Sparrow*3, Myles R. Allen*#4

*1Division of Environmental Science and Engineering, Pohang University of Science and
Technology, Pohang, Korea

*2Department of Physics, Imperial College London, London, United Kingdom

*3 Oxford e-Research Centre, Department of Engineering Science, University of Oxford, Oxford,
United Kingdom

*4 Atmospheric, Oceanic and Planetary Physics, Department of Physics, University of Oxford,
Oxford, United Kingdom

Successive hot June and wet July-August conditions in 2020 caused widespread disruption
across East Asia: however, anthropogenic drivers and future evolution of such hot—wet compound
extremes (HWCEs) remain insufficiently understood. Using large-ensemble regional climate
simulations from the Weather@Home framework, we assess the human contribution to the 2020-
like HWCES across three subregional hotspots, the Korean Peninsula (KP), southern Japan (JS),
and the southern Yangtze River Basin (YS), and project future changes in HWCE risk under global
warming levels of 1.5, 2, and 3°C above preindustrial levels. Comparisons between simulations
representing the real world (ALL; forced by anthropogenic and natural drivers) and a counterfactual
world (NAT: forced by natural drivers only) indicate that human influences has increased the
probability of HWCE across all subregions. In particular, simulations forced by greenhouse gases
(GHGs) alone confirm that the elevated HWCE risk is primarily attributable to GHG increases.
Future projections show sharp increases in HWCE risk with rising global warming levels. Overall, our
large-ensemble high-resolution modelling results underscore the urgent need for aggressive GHG
mitigation to limit the growing impacts of HWCEs on densely populated regions of East Asia.
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Ke Yang

College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang, China
yangke@stu.gdou.edu.cn

Reconstruction of the Net Land Surface Energy Flux
Constrained by the Energy Conservation and Land Surface
Model Simulations

Ke Yang**, Chunlei Liu*?

*1 College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang, China
*2 College of Ocean and Meteorology, Guangdong Ocean University, Zhanjiang, China

The net land surface energy flux (FLS) is a key variable controlling land —atmosphere coupling, and
climate feedback mechanisms yet observational coverage is limited, and the model simulated
FLS values are quite spread. To address this deficiency, a novel energy conservation method
is applied to CMIP6 LS3MIP (Land Surface, Snow and Soil Moisture Model Intercomparison
Project) simulations to establish the relationship between the net land surface energy flux and
surface temperature change at each grid point, and reconstruct gridded monthly FLS from 1985-
2024. Systematic validation against eddy covariance station observations demonstrates that our
reconstructed FLS outperforms existing products. The reconstructed FLS maintains consistency
with reanalyses and model simulations in terms of globally averaged anomaly variability during the
common period 1985-2012, with an average correlation coefficient of 0.77. The reconstructed
FLS data show statistically significant correlations with observations at all stations used, a
performance superior to that of reanalysis data. For turbulent fluxes derived from the reconstructed
FLS, approximately 71% of sites exhibit higher anomaly correlation coefficients with observations
than those from reanalysis data. The high FLS uncertainties are mainly distributed in Northern
Hemisphere high latitudes and high-altitude zones due to large errors in snowmelt. The difference
between LS3MIP and our estimation is mainly over 50-70°N, where the land area mean standard
deviation (STD) from multiannual mean FLS is 0.80 Wm~-2 for LS3MIP and 0.55 Wm~-2 for our
estimation. The rigorously validated energy constrainted net land surface energy fluxes provide a
useful dataset for diagnosing land-atmosphere interactions and evaluating climate models.
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Nanjing University
lanqi2614@gmail.com

Historical diurnal temperature range trends constrain
future climate projections

Angi Liu, Daokai Xue**, Ben Yang & Danqing Huang

*1School of Atmospheric Sciences, Nanjing University, Nanjing, China

In the late twentieth century, nighttime land surface temperatures are observed to rise faster than
daytime temperatures, resulting in high diurnal temperature ranges and considerable diurnal
asymmetric warming. Nevertheless, the projected changes in diurnal temperature ranges under
global warming remain with large uncertainties across statistical multi-model simulations. Here,
we identify an emergent relationship between historical diurnal temperature ranges variability and
future projections on both global and regional scales. By leveraging this spatially heterogeneous
relationship, we present a framework to refine regional projections, reducing model uncertainties
by 15-68% across the 27 IPCC ARG reference regions. Our findings suggest a sustained influence
of external forcing on diurnal temperature ranges from past to future, driven primarily by related
widespread reductions in cloud cover, rather than internal variability. This study provides valuable
insights into constraining regional extreme responses to a warming climate, laying the groundwork
forinformed regional climate policy decisions.

115



IBS Conference on Global Monsoon Systems

Poster Presentation 11

Speaker

Abstract

116

Rong Yang

Ocean University of China
yr3285@stu.ouc.edu.cn

Impact of SST anomalies in the Western Pacific Warm Pool
core area on the East Asian Summer Monsoon variability
and its mechanism

Rong Yang*", Jianping Li*',2, Hao Wang*", Yinan Yang*"

*1 Frontiers Science Center for Deep Ocean Multi-spheres and Earth System (DOMES)/Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China, Qingdao
266100, China

*2| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China

This study investigates the impact of sea surface temperature (SST) anomalies (SSTA) in the
Western Pacific Warm Pool core area (WPCA, characterized by SST consistently exceeding a
critical SST of 29.4°C) on the interannual variability of the East Asian Summer Monsoon (EASM)
and its potential physical mechanism. Observational analyses and dynamical diagnostics reveal
that strong WPCA events weaken local convective activity and induce the western North Pacific
anomalous anticyclonic (WNPAC), which in turn interact with the anomalous anticyclonic
circulation over northern China and cyclonic circulation east of Japan, forming a cyclonic shear
belt extending from the middle and lower Yangtze River (MLY) to South Korea and Japan. Positive
moisture flux and negative divergence anomalies facilitate the convergence and ascent of moisture
from the South China Sea and Western Pacific, enhancing precipitation in the Meiyu-Changma-
Baiu region. Weak WPCA events lead to an opposite case. In addition, WPCA SSTA modulate
interannual variability of EASM via influences on the local meridional-vertical circulation, Western
Pacific Subtropical High (WPSH), and Rossby wave trains along the Indo-Asia-Pacific (IAP)
teleconnection pathway. Notably, the historically “violent Meiyu” events in 1998, 2016, and 2020
were strongly influenced by EI Nifio events, but this study demonstrates that WPCA SSTA serve as
a critical pathway for Rossby wave propagation and may amplify or modulate the effects of El Nifio
on summer precipitation in the MLY. This finding highlights the WPCA as an indispensable oceanic
bridge linking EI Nifio and EASM with extreme precipitation in the MLY, providing a new insight for
understanding interannual variability of EASM and improving seasonal prediction.
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Seoul National University
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Decoupling between Lower-Tropospheric and Surface
Winds in the Pacific Weakens ENSO Variability under
Global Warming

Jaeyeong Lee*!, Geon-ll Kim*2, Daehyun Kim**, Jong-Seong Kug*"

*1School of Earth and Environmental Sciences, Seoul National University, South Korea
*2 Department of Physics, University of Toronto, Canada

The EI Nifio-Southern Oscillation (ENSO) is the leading driver of global climate variability,
and understanding its evolution under greenhouse warming is crucial for future climate risk
assessments. While previous research on future ENSO amplitude changes has predominantly
emphasized oceanic feedback mechanisms, the atmospheric components—particularly how
changes in the atmospheric vertical structure alter the atmospheric process —have remained
systematically underexplored. In this study, we utilize data from the Coupled Model Intercomparison
Project Phase 6 (CMIP6) to investigate how the atmospheric wind response to ENSO forcing
changes under future climate conditions, with a specific focus on its vertical profile and underlying
mechanisms. Multi-model ensemble (MME) analysis reveals, the lower-tropospheric (850 hPa)
wind response to ENSO is projected to intensify by approximately 30% under future warming,
whereas the surface wind stress response exhibits a disproportionately weaker increase of only
about 10%. We attribute this vertically stratified atmospheric response to projected increases
in mid-tropospheric specific humidity. This future thermodynamic change induces a stratified
response that partially decouples the enhanced lower-tropospheric wind anomalies from the
surface. These findings demonstrate that atmospheric thermodynamic changes under warming
fundamentally alter the efficiency of momentum transfer to the ocean surface, providing a process-
level complement to ocean-centric frameworks for projecting future ENSO amplitude.
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Chi-Cherng Hong

University of Taipei
cchong@utaipei.edu.tw

Strengthened Connections of Pakistan Heavy Rainfall with
the Tropical-Extratropical Linkage and Southeastern China
Heatwaves Since the Early 2000s

Chi-Cherng Hong*", Chih-Chun Chang*' and Huang-Hsiung Hsu*?2

*1 Department of Earth and Life Sciences, University of Taipel, Taiwan
*2 Anthropogentic Climate Change Center, Research Center for Environmental Changes, Academia
Sinica, Taipel, Taiwan

Observation reveals the synchronization of Pakistan record flooding and heatwaves in upstream
(downstream) Europe (China) in 2022. This study furthers the previous finding by investigating
the role of tropical-extratropical linkage, namely the monsoon flow and the downstream effects
of the European blockings, on the tele-linkage of weather extremes in the three regions based on
the composite analysis of extreme rainfall events in Pakistan during 1979-2022. The Pakistan
extreme rainfall events were further separated into two types, namely, with (14 cases) and without
(25 cases) tropical-extratropical linkage. Southward penetrations of cold-dry air from the extra-
tropics were clearly identified in the type with the tropical-extratropical linkage and were absent for
the type without linkage. The type with tropical-extratropical linkage became more frequent since
early 2000s, i.e., 50% (12 out of 24) events in 2001-2022, in contrast to 13% (2 out of 15) events
in 1979-2000. Evidences indicate that the tropical-extratropical linkage significantly intensifies
the Pakistan extreme rainfall. Once the Pakistan extreme rainfall linked with European blocking, the
warm extreme in Europe and China significantly amplified. Consequently, the tele-linkage among
the weather extremes in Europe, Pakistan, and China enhanced. Analysis revealed that two factors,
the increasing trend of southwesterly monsoon flow from the Arabian Sea and the eastward
shift of European blocking center associated with the increasing trend of Z200, contribute to the
enhancement of tropical-extratropical linkage and the Pakistan extreme rainfall events since 2000s.
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Nanjign University
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Distinct Eurasian Teleconnection Wave Trains Contributing
to the Intraseasonal Variations of East Asian Jet Streams

Yin Jingnan*,2, Xue Daokai*?, Zhang Yaocun*?

*1School of Naval Architecture and Ocean Engineering, Jiangsu University of Science and
Technology, Zhenjiang, China
*2School of Atmospheric Sciences, Nanjing University, Nanjing, China

As essential upstream circulation regimes, the Eurasian wave trains can exert influence on the East
Asian jet variations on intraseasonal time scale. Nonetheless, their propagation characteristics
and dynamic effects need further illustration. This study identifies that the intraseasonal variations
of East Asian polar-front jet and subtropical jet, manifesting as their concurrent intensity and
location changes, are preceded by Eurasian wave trains originating from the Iceland and Norwegian
Sea. According to the mid-high latitude wave train structures, the conventional Eurasian pattern
(EU) and Scandinavian pattern (SCAND) lead the jet variations by 1 and 2~3 days, respectively,
facilitating more organized wave structures, spreading local oscillations in East Asia to trans-
Eurasian circulation realignment, and amplifying the jet variabilities. Atlantic SST anomalies play an
important role in stimulating the upstream Rossby wave sources of different teleconnection wave
trains, through inducing descending motions and convergence anomalies in upper troposphere.
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Kourosh Haddadi Moghaddam

Caspian Sea International Sturgeon Research Institute-Department of Marine Ecology
khkhmoghadam@gmail.com

Strategic approaches for enhancing climate change
adaptation of species in Caspian Sea

Kourosh Haddadi Moghaddam*!

*1 Caspian Sea International Sturgeon Research Institute-Department of Marine Ecology

Even under best case mitigation scenarios, most species and ecosystem must undergo adaptation
if they are to avoid extinction and maintain their functions under climate change. The Caspian
Sea and its lower tributaries are the most biologically productive, biodiverse and important
transboundary habitats of the region. The modern Caspian Sea originated as part of an ancient,
brackish Pontic Sea 5 to 7 million years ago.

A large literature is also emerging,however, on the negative impacts of climate change on less
adaptive species and ecosystems. The broad spectrum of impacts includes physiological
stress and mortality, population and distribution declines, food web disruptions, and increased
competition with dispersive'climate change immigrants’.To this aim, we took into account the
spatial distribution of biodiversity to these threats. In particular, we found high cumulative threat
values aggregated over the eastern part of the Caspian Sea, with lower values in the central and
western parts. Cumulative impact analyses also suggested that the return on investments for
conservation purposes may be low when high cumulative threat areas with low species diversity
require protection from many threats. These analyses provide a useful means of identifying where
conservation measures and monitoring programs that should consider multiple threats should be
implemented in the future on this Sea.

Key words: Caspian Sea, Climate change.
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Kourosh Haddadi Moghaddam

International Sturgeon Research Institute
khkhmoghadam@gmail.com

El Ninos and its role on the global carbon cycle in the
Caspian Sea

Kourosh Haddadi Moghaddam*!

*1 International Sturgeon Research Institute

The Caspian Sea and its lower tributaries are the most biologically productive, biodiverse and
important transboundary habitats of the region and the modern Caspian Sea originated as part
of an ancient, brackish Pontic Sea 5 to 7 million years ago. Anthropogenic emissions of carbon
dioxide (CO2) are perturbing the radiation balance of the atmosphere that ultimately determines
the climate for all life on Earth. The prediction of future climate change and the explanation
of observed changes are contingent on us quantitatively understanding the link between CO2
emissions and atmospheric concentrations that is provided by the biogeochemical carbon cycle. In
this study, the imbalance and its uncertainty are calculated from preindustrial times to 2013 and it
is shown to be statistically significant from the 1950s to the present day. The implications for future
CO2 projections are demonstrated by calculating atmospheric concentrations to 2100 assuming
that different mechanisms (C02) fertilization and temperate forest growth) are responsible for
the budget imbalance. The different balancing mechanisms result in divergent concentration
projections, thereby illustrating the importance of resolving the issue. A step in this direction is
taken by simulating terrestrial carbon exchange and atmospheric CO2 concentrations on-line in an
atmospheric general circulation model, whose advanced land surface parameterization calculates
carbon fluxes at each time step. After identifying important strengths and weaknesses in an
evaluation of the model, the climate induced interannual variability in terrestrial carbon exchange and
atmospheric CO2 concentrations is examined. This variability represents carbon cycle"noise"that
is superimposed on the long-term anthropogenic trend. It is shown that fluctuations driven by
unforced variability in the atmosphere are likely to be non-negligible relative to perturbations from
specific phenomena like EI Ni?0 and volcanic eruptions. The effects of El Ni?o are investigated
and isolated from these unforced variations in ensemble integration. Land areas are simulated to
release CO2 to the atmosphere during El Ni?0 events as a result of meteorological perturbations
driven by the sea surface temperature anomalies. The release is sufficiently large to explain why
atmospheric CO2 concentrations are observed to increase during El Nino, even though the usual
CO2 out gassing from the equatorial Pacific is diminished. Ultimately, we will further discuss why
manager should consider multiple threats to mitigate the future effect of climate change on the
Caspian Sea.

Key words: Climate change, variability, Carbon cycle, EINi?os
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Lan Dai

IBS Center for Climate Physics
landai@pusan.ac.kr

Water vapor impacts from the 2022 Hunga eruption on
Eurasian surface climate

Lan Dai*',2, Axel Timmermann**,2, Tido Semmler*3, Yuanrui Chen*#, Jonathon S. Wright*#

*1 Center for Climate Physics, Institute for Basic Science (IBS), Busan, Republic of Korea
*2 Pusan National University, Busan, Republic of Korea

*3 \let Eireann, the Irish Meteorological Service, Dublin, Ireland

*4 Department of Earth System Science, Tsinghua University, Beijing, China

The January 2022 Hunga Tonga—Hunga Ha'apai eruption caused an unprecedented injection of
water vapor into the stratosphere. The excess water vapor from this event stayed in the stratosphere
for several years, but whether it influenced surface climate conditions remains unclear. Here, we
investigate the impacts of the anomalous water vapor on the variability of the Arctic stratospheric
polar vortex and its downward influence on extratropical surface climate. Using the coupled
Community Earth System Model version 2 with the Whole Atmosphere Community Climate Model
version 6 (CESM2/WACCM6), we conduct a 12-member ensemble of 3-year-long idealized water
vapor perturbation simulations that mimic the eruption. Our ensemble simulations demonstrate
that water vapor-induced upper stratospheric cooling weakens the Arctic stratospheric polar vortex
in the first post-eruption winter, with a weaker influence in the second post-eruption winter. The
weakening of the Arctic polar vortex is driven by reduced equator-to-pole temperature gradient in
the upper stratosphere and is accompanied by pronounced polar stratospheric warming episodes
that propagate into the troposphere. We identify more frequent occurrences of the negative
Northern Annular Mode (NAM) in the stratosphere and colder-than-normal winters over the
northern Eurasian continent. Our simulations suggest that the Hunga water vapor forcing increases
the frequency of a weakened Arctic stratospheric polar vortex and slightly increases the chance for
Eurasian winter cooling, although with a weak signal-to-noise ratio.
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Impact of South Asian monsoon on Mediterranean summer
climate will disappear in a warming climate

Hanzhao Yu*, Tianjun Zhou*2, Zhun Guo*?

*1.2 3 Institute of Atmospheric Physics, Chinese Academy of Sciences, China: University of Chinese
Academy of Sciences, China

Summer climate over the Mediterranean region is characterized by hot and dry conditions and
is prone to extreme events such as heatwaves and wildfires. Mediterranean climate is strongly
affected by large-scale tropospheric descending motions associated with convective heating of
South Asian summer monsoon (SASM) at interannual timescale. However, it remains unexplored
how the remote control of SASM on Mediterranean summer climate will change under global
warming. Here, based on climate model simulations and numerical experiments, we show
evidence that this connection will gradually disappear in a warming climate despite increasing
precipitation and amplified interannual variability of SASM. The weakened control of SASM arises
from two processes: westward expansion of zonal thermal structure associated with SASM
triggered by uplift of monsoon convection height and decrease of meridional wind anomaly via
local Sverdrup balance. The diminished impact on tropospheric subsidence further translates
into declined influence on land precipitation. Our findings highlight the substantial weakening of
projected interannual connection between SASM and Mediterranean summer climate and provide
implications for future changes on modes of variability from the perspective of atmospheric
dynamics.
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Chang Huang

School of Atmospheric Sciences Sun Yat-Sen University
huangch269@mail2.sysu.edu.cn

Diverse Impacts of La Nifa on Asian Monsoon Precipitation:
The Dominant Role of ENSO Evolutionary Pathways

Chang Huang**, Shaobo Qiao*,Bin Wang*?

*1School of Atmospheric Sciences Sun Yat-Sen University, Key Laboratory of Tropical Atmosphere-
Ocean System Ministry of Education, and Southern Marine Science and Engineering Guangdong
Laboratory (Zhuhai), Zhuhai, China

*2 Department of Atmospheric Sciences and International Pacific Research Center, University of
Hawaii at Manoa, Honolulu, USA

The response of the Asian Summer Monsoon (ASM) to La Nifia has become increasingly non-
stationary, challenging traditional forecasting frameworks. Using clustering analysis of 850-
hPa circulation anomalies and CESM2 Pacific Pacemaker simulations, this study identifies three
distinct response regimes driven by La Nifia's evolutionary trajectories. Cluster 1 (Decaying)
features localized precipitation as the La Nifia signal dissipates. Cluster 2 (Persistent) exhibits
widespread rainfall surpluses over India and the Southern Yangtze River Basin, sustained by a stable
Northwest Pacific Anticyclone (NWPAC) anchored by persistent cold sea surface temperatures
(SST) and a negative I0D-like state. Conversely, Cluster 3 (Reversal) triggers severe drought
driven by a cyclonic anomaly as the tropical Pacific rapidly transitions toward El Nifio. Our results
confirm that the specific life cycle of ENSO—rather than its peak intensity—is the primary driver of
ASM diversity, highlighting the necessity of considering full SST trajectories for accurate seasonal
predictions.
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Forced response and internal variability changes in the
hydrological cycle and general circulation in a hot world
beyond 2100

Christian Franzke **,2, Sun-Seon Lee *',3, Yu Huang *# and Susmit Satpathy*",2

*1 Center for Climate Physics, Institute for Basic Science, Busan, Republic of Korea

*2 Department of Carbon Neutrality and Climate Change, Pusan National University, Busan,
Republic of Korea

*3 Pusan National University, Busan, Republic of Korea

*4Earth System Modelling, School of Engineering and Design, Technical University of Munich,
Munich, Germany

Climate change affects both the mean state and its variability. Hence, the decomposition of
climate variability into a forced response and internal variability is essential to understand climate
change. Especially how the hydrological cycle will change is still uncertain. Here, we use ensemble
simulations to elucidate the forced response and internal variability changes in a hot world beyond
2100 in the Community Earth System Model version 2. We extract the dominant modes of the
forced response and of internal variability. The dominant mode of the forced response of the
hydrological cycle changes sign in the early 22nd century, even though greenhouse gas emissions
are decreasing. We find that pronounced atmospheric circulation changes are largely responsible
for the hydrological cycle shift. The dominant modes of internal variability exhibit significant
reduced amplitude of the variability after the forced response mode changes its sign, suggesting
that the forced response has significant impact on internal variability. These results have
implications for anthropogenic climate change beyond 2100.
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Constance Uwizewe

Ocean University of China
cuwizewe@stu.ouc.edu.cn

Investigation of the Historical Trends and Variability of
Rainfall Patterns during the March-May Season in Rwanda

Constance Uwizewe*",23,45, Li Jianping*",2,2,4,6, Théogéne Habumugisha*”,® and Ahmad Abdullahi
Be||0*1,2,3,4

*1 Frontiers Science Center for Deep Ocean Multi spheres and Earth System, Ocean University of
China, Qingdao 266100, China

*2Key Laboratory of Physical Oceanography, Ministry of Education, Ocean University of China,
Qingdao 266100, China

*3 College of Oceanography and Atmospheric Sciences, Ocean University of China, Qingdao
266100, China

*4 Academy of the Future Ocean, Ocean University of China, Qingdao 266100, China

*$ Rwanda Meteorology Agency, Kigali P.O. Box 898, Rwanda

*6| aboratory for Ocean Dynamics and Climate, Pilot National Laboratory for Marine Science and
Technology, Qingdao 266237, China

*7Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese
Academy of Sciences, Xiamen 361021, China

*& University of Chinese Academy of Sciences, Beijing 10049, China

This study explores the spatiotemporal variability and determinants of rainfall patterns during
the March to May (MAM) season in Rwanda, incorporating an analysis of teleconnections with
oceanic—atmospheric indices over the period 1983-2021. Utilizing the Climate Hazards Group
Infrared Precipitation with Stations (CHIRPS) dataset, the study employs a set of statistical tools
including standardized anomalies, empirical orthogonal functions (EOF), Pearson correlation,
the Mann—-Kendall (MK) trend test, and Sen'’s slope estimator to dissect the intricacies of rainfall
variability, trends, and their association with large-scale climatic drivers. The findings reveal a
distinct southwest to northwest rainfall gradient across Rwanda, with the MK test signaling a
decline in annual precipitation, particularly in the southwest. The analysis for the MAM season
reveals a general downtrend in rainfall, attributed in part to teleconnections with the Indian Ocean
Sea surface temperatures (SSTs). Notably, the leading EOF mode for MAM rainfall demonstrates
a unimodal pattern, explaining a significant 51.19% of total variance, and underscoring the pivotal
role of atmospheric dynamics and moisture conveyance in shaping seasonal rainfall. The spatial
correlation analysis suggests a modest linkage between MAM rainfall and the Indian Ocean Dipole,
indicating that negative (positive) phases are likely to result in anomalously wet (dry) conditions
in Rwanda. This comprehensive assessment highlights the intricate interplay between local
rainfall patterns and global climatic phenomena, offering valuable insights into the meteorological
underpinnings of rainfall variability during Rwanda’s critical MAM season.

Keywords: Rwanda: rainfall: CHIRPS; teleconnections: variability: trends; dipole; atmosphere
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Diverse Combined Land-atmosphere Dryness Changes
Following Deforestation in the Northern Hemisphere

Mengqi Cheng**, Qinglong You**,2, Zhiyan Zuo*' , Mingcai Li*3, Deliang Chen*#, Niklas Boers*®,
Shichang Kang*¢, and Meiyu Chang*"

*1 Department of Atmospheric and Oceanic Sciences, Institute of Atmospheric Sciences, Fudan
University, Shanghai, China

*2 CMA-FDU Joint Laboratory of Marine Meteorology, Shanghai, China

*3 Tianjin Institute of Meteorological Science, Tianjin, China

*4 Department of Earth System Science, Tsinghua University, Beijing, China

*$ Farth System Modelling,School of Engineering & Design, Technical University of Munich, Munich,
Germany

*¢ Key Laboratory of Cryospheric Sciences and Frozen Soil Engineering, Northwest Institute of Eco-
Environment and Resources, Chinese Academy of Sciences, Lanzhou, China

Forests sustain regional humid climates crucial for the Earth System. Deforestation,
throughbiophysical and biochemical processes, alters regional climates, particularly impacting
aridity. However, deforestation's comprehensive impacts on land-atmosphere interactions and
aridity remain unclear. An idealized deforestation experiment was used to isolate its impacts. We
focus on combined changes in Soil Moisture (SM) and Vapor Pressure Deficit (VPD) as indicators
of land-atmosphere system aridity. Results show that the Northern Hemisphere experiences
a wetter land-atmosphere system (62.3%) following deforestation,with increased SM and
decreased VPD. Over 30% of regions exhibit weakened land-atmosphere coupling, highlighting
enhanced limitations in SM. Drier systems occur more in non- arid areas, while arid regions tend to
become wetter. The study also examines the physical processes underlying these changes in two
contrasting regions: the drier India and the wetter Europe. Findings offer policymakers insights into
regional variations in SM and VPD responses when making ecological and agricultural policies.
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Min-Hui Lo

Department of Atmospheric Sciences, National Taiwan University
minhuilo@ntu.edu.tw

Forests Buffer ENSO-Driven Evapotranspiration Variability
in the Maritime Continent

Min-Hui Lo**, Ting-Hui Lee*', Chun-Lien Chiang**

*1 Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

Precipitation and terrestrial water storage in the Maritime Continent (MC) are strongly modulated
by ENSO and the Indian Ocean Dipole (I0D), yet evapotranspiration (ET) exhibits much weaker
interannual variability. Using reanalysis data and idealized climate model simulations, we
decompose ET into canopy evaporation (CE), canopy transpiration (CT), and soil evaporation (SE)
to examine the mechanisms underlying this muted ET variability. During EI Nifio years, reduced
precipitation suppresses CE and SE, while enhanced incoming solar radiation increases CT,
resulting in only a slight decrease in total ET. La Nifia years show the opposite behavior. These
compensating responses highlight the key role of forest CT in buffering ET interannual variability.
We further examine idealized land-use change simulations using CESM and find that reduced forest
CT weakens this buffering effect and increases ET interannual variability. In contrast, precipitation
variability decreases under land-use change, reflecting the dependence of precipitation responses
on background mean states. Overall, our results emphasize the importance of forest transpiration
in regulating ET variability and reveal how land-use change can alter the coupled variability of ET
and precipitation in the MC.
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Utility-scale photovoltaic solar farms under the East Asian
monsoon: an observation-to-mesoscale study over humid
subtropical Taiwan

Nhut Cong Mai**,2, I-Chun Tsai3, Min-Hui Lo*",2,5, Yi-Ying Chen*,2,3, Wei-Nai Chen*3, Shih-Chieh
Chang*#

*1 Taiwan International Graduate Program — Earth System Science (TIGP-ESS), Academia Sinica,
Taipei, Taiwan

*2Farth System Science Program, National Taiwan University, Taipei, Taiwan

*3 Research Center for Environmental Changes (RCEC), Academia Sinica, Taipei, Taiwan

*4 Department of Natural Resources and Environmental Studies, National Dong Hwa University,
Hualien, Taiwan

*$ Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

* Corresponding author: minhuilo@ntu.edu.tw, yiyingchen@gate.sinica.edu.tw

Utility-scale photovoltaic (PV) installations alter the surface energy balance, yet their microclimate
impact remains poorly characterized in monsoon Asia, where major expansion is planned. Long-
term eddy-covariance measurements at the 66-hectare Sheng-Feng Solar Farm in eastern Taiwan
are used to quantify surface energy partitioning under the East Asian monsoon and to develop
a process-based land-surface parameterisation scheme for that climate regime. The scheme
couples explicit electricity export, aerodynamic and surface resistances, and a concrete-foundation
heat-storage term within a closed surface energy budget. Sensible heat flux is reproduced with R?
of 0.90 (RMSE 34.4 W m™2) and latent heat flux with R2 of 0.61 (RMSE 37.4 W m~2). The site exhibits
persistent sensible-heat dominance (annual mean Bowen ratio B = 1.32; DJF > MAM > SON >
JJA), substantially below B values reported at arid PV sites, demonstrating that monsoon-driven
moisture availability moderates PV heat amplification. Bowen-ratio sensitivity surfaces identify
soil moisture as the primary driver of available-energy partitioning, indicating that targeted wetting
is the most effective heat-mitigation strategy. Building on this observational and parametric
foundation, the calibrated scheme is now being implemented as a new plant-functional type within
Noah-MP and coupled to the Weather Research and Forecasting (WRF) model, yielding the WRF-
Noah-PV framework. The coupled system will be integrated in a convectionpermitting mesoscale
configuration over Taiwan for representative summer-monsoon and dry-winter periods, with the
aim of delivering the first observation-constrained quantification of how widespread utility-scale
PV deployment perturbs boundary-layer evolution, near-surface temperature, low-level moisture,
and mesoscale circulation under the East Asian monsoon system.

Keywords: East Asian monsoon: humid subtropical climate; surface energy balance; Bowen
ratio; eddy covariance; utility-scale photovoltaics; WRF—Noah-MP: mesoscale boundary-layer
feedback; Taiwan.
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Wintertime East Asian temperature variability on
subseasonal scale: its connection to North America and the
associated dynamical processes

Tianjiao Ma*1,2, Anran Zhuge,*3,4, Benkui Tan**,3, Wen Chen*1,2

*1 State Key Laboratory of Vegetation Structure, Function and Construction (VeglLab)/Yunnan
International Joint Laboratory of Monsoon and Extreme Climate Disasters/Yunnan Key Laboratory
of Meteorological Disasters and Climate Resources in the Greater Mekong Subregion, Yunnan
University, Kunming 650500, China

*2Southwest United Graduate School, Kunming 650092, China

*3 Department of Atmospheric and Oceanic Sciences, School of Physics, Peking University, Beijing,
China

*4 Institute of Atmospheric Environment, Chinese Research Academy of Environmental Science,
Beijing 100012, China

This study examines the subseasonal timescale climate variability in wintertime East Asia (EA)
and its connection with North America (NA). Results reveal a seesaw-like oscillation in surface air
temperature (SAT) anomalies between EA and NA: a rise of SAT over EA is followed by a drop of
SAT over NA about one week later, and vice versa. It turns out that four well-known teleconnection
patterns—the Scandinavian (SCA), Eurasian (EU), West Pacific (WP), and Pacific/North America
(PNA) patterns—play crucial roles in this linkage. The SCA over Eurasia induces cold (warm) surges
over EA; as the SCA propagates further into the subtropical western Pacific, it contributes to the
formation of the WP through energy dispersion, or/and the merging of the SCA centers with the
incipient WP centers. The WP further causes warm (cold) spells over NA. Day-to-day energy budget
analysis indicates that the SCA is dominantly driven by the baroclinic energy conversion, while the
WP is mainly driven by both the baroclinic and barotropic energy conversions. The transient eddy
feedback forcing and the advection of available potential energy and kinetic energy by the zonal
background flow also make substantial contributions to the growth of the WP. It is the advection
of the potential available energy and kinetic energy by the background flow which plays a key role
in the SCA-WP relationship. Also, the propagation of the EU over Eurasia followed by the formation
of the PNA may cause a seesaw-like SAT oscillation between EA and NA, with similar dynamical
mechanisms involved.
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Mean-State Dependence of Deforestation-Induced
Precipitation Changes in the Maritime Continent

Chun-Lien Chiang*", Ting-Hui Lee**, Yu-Chiao Liang**, Yan-Ning Kuo*",2, Min-Hui Lo*!

*1 Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan
*2Now at Department of Earth and Atmospheric Sciences, Cornell University, lthaca, USA

Estimating changes in compound weather and climate extremes, including simultaneous or
sequential combinations of heat, drought, and extreme precipitation, is essential for assessing
societal risks and developing adaptation strategies under continued greenhouse gas warming.
Using bias-corrected highresolution projections under different emissions scenarios, we show
multi-fold increases in the frequency and duration of simultaneous or sequential compound events
for the period of 2070-2100 relative to 1980—2014 across most of Asia. While coincident heat-
dry events are projected to increase across arid Central, West, and North Asia, sequential heat-
extreme precipitation events are projected to escalate in monsoonal South, East, and Southeast
Asia, driven by enhanced land-atmosphere feedback and shifts in precipitation. Population
exposure is projected to rise 5 to 25 times, increasing from 1-4 x 10° person-events under SSP1-
2.6t0 4—8 x 10° under SSP5-8.5, with East, Southeast, and South Asia (~4.7 billion people)
disproportionately affected. Climate effects dominate exposure growth (30—100% contribution),
amplified by population increases in SSP3-7.0 (up to 50% in humid zones). However, sparsely
populated Central, West, and North Asia show lower or declining exposure levels (0.5-8 x 10°
person-events). Event magnitude projections indicate 4-5°C warming during heat-dry and heat-
wet events, and 3—5mm day ™" precipitation intensification in monsoon regions, signaling widening
hazard contrasts between humid and arid regions. Our results further show that stronger emissions
reductions (e.g., SSP1-2.6) could reduce exposure by 5—8 billion person-events relative to high-
emissions scenarios, underscoring the urgency of large-scale, rapid mitigation and region-specific
adaptation.
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Regime shifts shape compound drought-heatwave risks

YiYang*',2, Jianping Tang**,2

*1Key Laboratory of Mesoscale Severe Weather/Ministry of Education, Nanjing University, Nanjing,
China
*2School of Atmospheric Sciences, Nanjing University, Nanjing, China

Compound drought and heatwave events can cause severe ecological and societal impacts, yet
their evolution during individual lifecycles remains poorly understood. Using a daily regime-based
framework, we show that most events remain within a single dominant regime, whereas a smaller
but recurrent subset undergoes regime shifts. These regime-shifting events are less frequent,
but are more often associated with severe conditions and have increased over recent decades.
Our findings highlight the importance of considering daily process evolution when assessing
compound drought and heatwave risks in a warming climate.

POSTER SESSION

Poster Presentation 28

Speaker

Abstract

Rong-Cih Chang

National Taiwan University
rongcihchang@ntu.edu.tw

Recent Pre-Monsoon Warming and Hydroclimatic Changes
over Southeast Asia: Land-Atmosphere Feedbacks and
Possible Circulation Links

Rong-Cih Chang**, Ganzorig Undrakh*?2, Chia-Wei Lan*3, Chao-An Chen*#, Yen-Ting Huang*s, Min-
HuiLo*®

*1,23 5 6 National Taiwan University, Taipei, Taiwan
*4National Science and Technology Center for Disaster Reduction, New Taipei City, Taiwan

Under climate change, rising temperatures have increased the frequency and intensity of
heatwave events worldwide. In Southeast Asia, premonsoon heat extremes can be further
amplified by hydroclimatic changes, including reduced precipitation, land surface drying, and
weakened evaporative cooling. However, the spatial patterns and physical mechanisms of recent
premonsoon warming remain insufficiently understood. This study examines why March to May
warming over Indochina has intensified in recent decades and how it is connected to regional
precipitation and circulation changes during 1981 to 2020. Using ERAS, ERAS Land, and GPCC
data, we analyze changes in maximum temperature, precipitation, land surface conditions, surface
energy fluxes, atmospheric circulation, moisture transport, and convection. Our results reveal a
pronounced temperature and precipitation dipole between Indochina and the Maritime Continent,
with Indochina becoming warmer and drier, while the Maritime Continent shows contrasting
precipitation changes. The warming over Indochina is closely associated with increased downward
shortwave radiation, reduced soil moisture, enhanced sensible heat flux, and suppressed latent
heat flux, indicating a shift toward stronger surface heating under limited moisture availability.
In addition, changes in regional circulation and convection, potentially linked to a strengthening
or shifting of the Walker circulation, may suppress convection and moisture convergence over
Indochina while enhancing convective activity over the Maritime Continent. By connecting land -
atmosphere feedbacks with large scale circulation changes, this study provides insights into the
mechanisms driving recent premonsoon heat and hydroclimatic changes over Southeast Asia
under awarming climate.
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Examining Changes in Typhoons Affecting Taiwan Under
Global Warming Based on a Pseudo-global Warming
Approach

Chao-An CHEN*', Hung-Peng TSAI*!, Huang-Hsiung HSU*2, Chao-Tzuen CHENG*!

*1 National Science and Technology Center for Disaster Reduction, Taiwan
*2Research Center for Environmental Changes, Academia Sinica, Taiwan

This study investigates changes in intense typhoon events affecting Taiwan during 1979-2020
using a Pseudo—Global Warming (PGW) experimental framework. Ensemble responses under
Global Warming Levels (GWLs) of 2 °C and 4 °C are examined. Under both GWL 2 °C and GWL 4
°C conditions, the minimum central pressure is substantially reduced compared to the historical
climate, reflecting an overall intensification of typhoon intensity. Maximum wind speed is
enhanced, with a more pronounced rate of increase under higher warming levels. In addition,
changes in the radial structure of typhoons show that both the precipitation peak and typhoon
precipitable water over the eyewall increase with warming, suggesting that warmer conditions
lead to stronger and more compact typhoon structures with a more consolidated inner core.In
terms of the impacts of warming on thermodynamic and dynamic components, precipitable water
increases closely following Clausius—Clapeyron scaling, with an increase rate about 7% per degree
of warming. In contrast, although precipitation intensity, vertical velocity, and precipitation over land
are generally increased under warming scenarios, their rates of increase do not scale proportionally
with thermodynamic component. This may be because a more stable atmospheric structure
under warming limits the enhancement of dynamical components. For accumulated precipitation
over the Taiwan land area, both precipitation intensity and the variability spread among ensemble
members increase with higher warming levels, indicating that typhoons affecting Taiwan in a
warmer climate may produce stronger winds and heavier precipitation, while also exhibiting greater
uncertainty.
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Dual Regimes of North American Heatwaves and Their
Future Change

Ji-Hye Yeo*",2, Kyung-Ja Ha*",23, Jonghun Kam*#, Eui-Seok Chung*s, Daeha Kim*¢, and Christian L.
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*3 Institute for Future Earth, Pusan National University, Busan, South Korea

*4 Division of Environmental Science and Engineering, Pohang University of Science and
Technology (POSTECH), Pohang, South Korea
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Korea

*6 Department of Civil Engineering, Jeonbuk National University, Jeonju-si, Jeollabuk-do, South
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*7 Department of Carbon Neutrality and Climate Change, Pusan National University, Busan,
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North America (NA) has experienced increasingly unprecedented heatwaves, yet distinctions
between dry and humid types and their underlying mechanisms remain unclear. Most studies have
primarily defined heatwaves based solely on air temperature, while comparatively little attention
has been given to approaches that consider soil moisture conditions and atmospheric humidity
as intrinsic characteristics of heatwaves. Here, we classify NA heatwaves spatially by exploiting
variations in soil moisture and atmospheric humidity, and reveal their dominant drivers. Dry
heatwaves in southern NA are characterized by pronounced land-driven processes, intensified
by antecedent soil moisture deficits and persistent high-pressure systems. Warming in the North
Pacific and North Atlantic further reinforces these conditions. Conversely, humid heatwaves
in northwestern NA are primarily driven by atmospheric-driven processes associated with the
inflow of warm, moist air and enhanced moisture transport. CMIP6 projections indicate that
dry heatwaves will remain dominant but contract spatially in the southern domain under SSP5-
8.5, whereas humid heatwaves will intensify continent-wide over NA, and surging nearly 20-fold
between the historical (1979-2014) and late 21st-century (2065-2100) period. This accelerated
increase leads humid heatwaves to become the prevailing form of late-21st-century summer
heatwaves.
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Recent asymmetric tropical ocean warming has altered
regional propagation of Madden-Julian Oscillation

Hye-Ryeom Kim1 Kyung-Ja Ha*",2,3, Mathew Koll Roxy*#, Eui-Seok Chung*s, Bin Wang*®¢, Sun-
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Korea
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*4 Centre for Climate Change Research, Indian Institute of Tropical Meteorology, Pune, India

*$ Division of Ocean and Atmosphere Sciences, Korea Polar Research Institute, Incheon, South
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*¢ Department of Atmospheric Sciences and International Pacific Research Center, University of
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Tropical sea surface temperature warming displays distinct regional patterns, but its influence on
Madden-Julian Oscillation propagation remains unclear. Here we investigate how a shift toward
La Nifia-like conditions around 1999 has affected Madden-Julian Oscillation propagation by
comparing two periods: 1979-1998 and 2003—-2022. Using satellite observations and reanalysis
data, we show that propagation accelerated over the Indian Ocean and the Maritime Continent
but slowed over the western Pacific in the later period. These contrasting responses are linked to
changes in sea surface temperature patterns and associated atmospheric conditions. Over the
Indian Ocean, enhanced low-level horizontal moisture gradients and increased upper-tropospheric
stability facilitate propagation, while weakened moisture gradient and suppressed convection
hinder it over the western Pacific. Despite complex terrain and atmospheric interactions over
the Maritime Continent, background changes still favor enhanced propagation. These findings
highlight the sensitivity of Madden-Julian Oscillation behavior to regional ocean—atmospheric
conditions, with implications for improving subseasonal prediction.
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Evaluation of nextGEMS Simulation of Monsoon and
Tropical Cyclones in the Western North Pacific

Hsin-Chien Liang*', Chao-An Chen*?2, Wan-Ling Tseng*3, Sho Arakane**, Huang-Hsiung Hsu*"

*1 Research Center of Environmental Changes, Academia Sinica, Taipei, Taiwan
*2National Science and Technology Center for Disaster Reduction, New Taipei City, Taiwan
*3 National Tsing Hua University, Hsinchu, Taiwan

Tropical cyclones (TCs) are among the most powerful and destructive natural phenomena, posing
significant risks to coastal communities and exerting substantial influence on global climate
systems. Accurately simulating these complex meteorological events using storm-resolving
models is essential for improving our understanding of their behavior, enhancing forecast skill, and
projecting future changes under global warming. Despite advances in computational capacity,
predicting TC behavior in a warming climate remains a major challenge.In this study, we evaluate
two state-of-the-art models—the European Centre for Medium-Range Weather Forecasts’
Integrated Forecasting System (IFS) and the Max Planck Institute for Meteorology Model (ICON)—
both developed within the Next Generation Earth Modeling Systems (nextGEMS) framework.
These models are operated at high atmospheric resolutions ranging from 28 to 2.8 km.Our results
show that storm-resolving models are capable of realistically reproducing the spatial distribution
and seasonal variability of tropical cyclones. Under warmer climate conditions, the simulations
consistently project an intensification of TCs, characterized by stronger extreme winds and
enhanced precipitation. However, the mean state of the monsoon circulation is systematically
underestimated in high-resolution simulations, which may influence projections of future climate
change. Furthermore, challenges remain in accurately capturing the detailed characteristics of
individual TC events, indicating the need for continued model development.Overall, storm-resolving
models demonstrate strong potential for representing key features of tropical cyclones. Continued
improvements in model fidelity will enhance our ability to assess landfalling cyclones and their
associated impacts, including topographic influences and mesoscale interactions.
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Distinct response of Asian summer monsoon rainfall during
thefirst and third years of triple-dip La Nina events

Shaobo Qiao**, Yihou Zhou**,Bin Wang*2, and Wenjie Dong**
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Hawaii at Manoa, Honolulu, USA

This study investigates triple-dip La Nifia events and their influence on Asian summer monsoon
rainfall during the first and third years. In the first year, a significant positive rainfall anomaly
extends from the Bay of Bengal to the Yangtze River Basin, concurrent with reduced rainfall over
the northern Indian Peninsula and the Indochina Peninsula. This pattern largely reverses during
the third year. Convergent empirical and modeling evidence demonstrates that the distinct rainfall
responses are linked to different evolutions of the EI Nifio—Southern Oscillation(ENSO). In the first
year, following a preceding EI Nifio, La Nifia onset is rapid. This rapid onset strengthens the Western
Pacific Subtropical High (WPSH) and a negative-phase Scandinavian(SCAND) pattern, which
jointly shape the initial rainfall distribution. Conversely, by the third year, sustained La Nifia amplifies
the cold SST anomalies in the central Pacific. This shifts the WPSH northward and triggers a
positive Circumglobal Teleconnection (CGT) pattern, collectively driving the reversed rainfall
anomalies. Additionally, the second year exhibits relatively weak rainfall anomalies, as both the La
Nifia onset rate and the cold SST anomalies in the central Pacific are near climatological normals.
These findings provide a foundation for improving predictions of Asian summer monsoon rainfall.
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Synchronized Heat Extremes in the Northern Hemisphere
Based on a Complex Network

Wangchu Zhou**, Daokai Xue*', Yaocun Zhang*', Haishan Chen*2, Wenjian Hua*2, Xueyuan
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Meteorological Disaster, Ministry of Education/Collaborative Innovation Center on Forecast and
Evaluation of Meteorological Disasters, Nanjing University of Information Science and Technology,
Nanjing, China

*3Key Laboratory of Earth System Numerical Modeling and Application, Chinese Academy of
Sciences, Institute of Atmospheric Physics, Beijing, China

Heat extremes occurring synchronously in multiple regions often result in more severe impacts than
isolated heat events. Here we analyze observational and reanalysis data to objectively detect and
examine the synchronization of heat extremes in the Northern Hemisphere and identify the regions
that have remote linkages, particularly in western Europe (WEU), western North America (WNA)
and the Yangtze-Huai River Basin (YHRB). The results indicate that the intensity and frequency of
synchronized heat extremes show increasing trends during 1979-2023 summer, with most events
occurring in the past 20 years. The synchronized heat extremes are triggered by a quasi-stationary
Rossby wave with wavenumber 6, resembling a circum-global teleconnection (CGT)-like pattern
along the subtropical jet. While large-scale atmospheric circulation provides a common dynamical
background, the sustaining mechanisms differ across regions. Land-atmosphere interactions and
surface processes jointly reinforce the persistence of synchronized heat extremes, providing new
insights on compound event analysis.
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Warming reorganizes compound drought-fire extremes
pathways

Sanjit Kumar Mondal**, Christian L. E. Franzke*?
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Compound drought—fire extremes are increasing globally, yet the pathways through which
droughts and fires interact remain poorly understood. Here we develop an object-based
spatiotemporal framework that identifies physically coherent drought and fire events, quantifies
their interactions, and classifies compound extremes according to the onset timing of locally
interacting event regions. Applying the framework to CMIP6 simulations and an idealized 1%
CO2 experiment reveals a systematic reorganization of compound drought—fire extremes under
warming. Although drought-leading pathways remain the dominant contributor, fire-leading
pathways exhibit the strongest relative amplification, accounting for an increasingly larger fraction
by ~12.5% of total compound events. This transition is accompanied by shifts toward drier and
higher-atmospheric-demand states, reflected by enhanced soil-moisture —vapor-pressure-
deficit coupling and stronger interaction strengths between drought and fire objects. Together,
these results reveal an emerging transition from drought-dominated to increasingly fire-amplified
compound extremes in a warming climate.
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Responses of Extreme Precipitation to Future Warming over
the Korean - Using Pseudo-Global Warming Experiment

Daeun Kwon**, Seung-Ki Min*!

*1 Pohang University of Science and Technology

The Pseudo-Global Warming (PGW) approach resolves high-resolution regional climate and
extreme events by adding future climate changes to present-day reanalysis data. Utilizing this
method, we configured a Convection-Permitting Model (CPM) framework to project future changes
in six extreme summer precipitation events over South Korea. The boundary conditions were derived
from the CMIP6 SSP2-4.5 and SSP3-7.0 scenarios. Specifically, atmospheric thermodynamic
differences—such as temperature and humidity—were extracted at global warming levels of 1.5°C,
2.0°C, 2.5°C, and 3.0°C above pre-industrial levels and added to the present-day background fields.
Our results indicate that extreme precipitation responses to future warming vary significantly
depending on the precipitation system's characteristics. Notably, future atmospheric changes exert
two contrasting influences. Thermodynamically, increased saturation vapor pressure following
the Clausius-Clapeyron relationship intensifies extreme precipitation. Conversely, dynamically,
enhanced mid-to-upper tropospheric warming increases static stability, thereby suppressing
precipitation development. This study quantitatively assesses these competing contributions.
Ultimately, it highlights the importance of considering the unique developmental characteristics of
individual precipitation events when projecting future extremes using PGW and CPM frameworks.
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Increased shallower tropical cyclones under extreme warm
climates
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Changes of tropical cyclones (TCs) under warming climates are of great concern due to their
destructive impacts. While changes in TC intensity and rainfall rate have been well documented,
far less is known about changes in vertical structure, which are crucial for determining the severity
of TC-related hazards. Here, we show that the proportion of shallow cyclones, characterized
by convective updraft maxima and low-pressure anomalies confined to the lower troposphere,
increases significantly under extreme warm climates. Notably, during the Early Eocene Climatic
Optimum (EECO), shallow cyclones are more prevalent than deep cyclones, which dominate in
the present-day tropical regions. This transition is primarily driven by strengthened ventilation
and increased static stability. Although shallower cyclones tend to generate weaker winds, their
collective contribution to extreme rainfall is comparable to that of deep cyclones during the EECO.
These findings highlight the necessity of reassessing cyclone-related hydrological hazards,
particularly regarding flood risks associated with shallower cyclones.
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Increasing frequency, maximum spatial extent, total water
volume, and extreme local intensity of torrential rainfall
events in Japan
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Climate change is increasing the probability of extreme precipitation in many regions of the world.
More frequent flash flooding and flood disasters are expected to increase the risks to human life,
damage to buildings and infrastructure, and loss of crops and livestock. Extreme rainfall occurrence
and intensity vary strongly in space and time. They are also tails of probability distribution with few
samples available for statistical analysis and prone to large uncertainties. Past literature on long-
term variations in global weather and climate extremes often studies derived extreme indices
and applies further extreme-value analysis to data sampled from a station, a fixed grid point, or a
specifically defined area. We use an alternative framework to track and analyze extremes from an
event perspective, including their individual attributes (e.g., frequency, intensity, duration, spatial
extent, total accumulated rainwater volume, etc.). It should facilitate better communication with
the general public on climate risk, including links to loss and damage from disasters, and provide
a more comprehensive understanding of the various attributes of extreme events, without being
limited to a pre-defined location.

Using high-resolution gridded daily precipitation products derived from gauged-network data in
Japan, we investigate how the attributes of the most intense local daily precipitation events change
over time from an event-based perspective. The extreme rainfall events and their characteristics
from high-resolution regional climate model ensemble simulations driven by the d4PDF global
climate model are first validated, then their anthropogenic impacts are attributed, and their future
projections of changes in their characteristics are examined.
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Cleaner Air and Increasing Warm-Season Heat in Taiwan
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Anthropogenic aerosol reductions can increase surface solar radiation and intensify regional heat,
but their influence on Taiwan's recent warm-season heat extremes remains unclear. This study
examines whether Taiwan’s 2005-2020 May —September warming and heatwave changes are
consistent with declining aerosol loading and enhanced surface radiation. We combine air-quality
observations, weather station records, MODIS aerosol optical depth, cloud fraction, and downward
shortwave radiation.

Observations show significant decreases in PM10, PM2.5, SO2, and MODIS AOD, accompanied by
significant increases in visibility, global radiation, downward shortwave radiation, daytime mean
temperature, and daily maximum temperature. Heatwave metrics also increased at many stations,
but the spatial response was uneven. Northern, central, mountainous, and outlying-island stations
showed clear increases in heatwave frequency or duration, while southern stations exhibited
weaker increases in heatwave frequency or duration despite stronger radiation increases. This
mismatch suggests that aerosol-related brightening may have increased the background potential
for daytime heating, but local heatwave outcomes were shaped by coastal circulation, humidity,
cloud timing, elevation, terrain, and synoptic variability. These results provide observational
evidence that cleaner air coincided with brighter and hotter warm-season conditions in Taiwan.
We are conducting WRF simulations using aerosol states representative of 2005, 2010, 2015,
and 2020. The WRF simulations will test whether aerosol reductions can reproduce the observed
radiation and heat signals and help separate aerosol forcing from regional meteorological controls.
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Synchronization and Mechanisms of Extreme Heatwaves in
the Northern Hemisphere

Yimin Liu*',2, Jilan Jiang*3,%, Huayu Chen*s,8, Bian He*",2, Guoxiong Wu**,2

*1State Key Laboratory of Earth System Numerical Modeling and Application, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

*2 College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing
100049, China

*3 State Key Laboratory of Severe Weather Meteorological Science and Technology and Institute of
Tibetan Plateau Meteorology, Chinese Academy of Meteorological Sciences, Beijing, China.
*4Heavy Rain and Drought-Flood Disasters in Plateau and Basin Key Laboratory of Sichuan
Province, Institute of Tibetan Plateau Meteorology, China Meteorological Administration, Chengdu,
China

*$Max Planck Institute for Meteorology, Hamburg, Germany

*¢ International Max Planck Research School on Earth System Modelling, Hamburg, Germany

This study investigates the synchronization characteristics and underlying mechanisms of extreme
heatwaves across the Northern Hemisphere. Using a complex climate network approach, we
systematically identify major hotspots of synchronized extreme heatwaves, including Europe, the
western Arabian Peninsula, East Asia, Southeast Asia, western and southern North America, and
Greenland. Distinct synchronization pathways are documented: heatwaves in Southeast Asia and
western North America tend to co-occur with events over the Caspian Sea, while those in East Asia
and southern North America are primarily synchronized with north-central Europe.

Dynamical diagnosis and numerical simulations reveal that the significant decline in Barents Sea
spring—summer sea ice after 2000 strongly enhances the synchronization of extreme heatwaves
between Europe and East Asia. Reduced sea ice sustains anticyclonic circulation over northwestern
Europe through local ice—atmosphere and land—atmosphere feedbacks. This circulation excites a
Eurasian teleconnection wave train, induces anticyclonic anomalies north of the Qinghai—Xizang
Plateau, and consequently reinforces intercontinental heatwave coherence.

Terrain sensitivity experiments with the FGOALS-F3-L climate model further elucidate the
differential dynamical and thermal effects of High Mountain Asia on heatwave distribution and
synchronization.

Both full removal of High Mountain Asia and elimination of its thermal forcing only perturb, rather
than eliminate, the preferred phase of Rossby waves, leaving the spatial pattern of the four key
heatwave hotspots (Europe, Central Asia, East Asia, North America) largely unchanged. Notably,
the two scenarios exert opposite effects on synchronization: full terrain removal strengthens
interregional coherence, while thermal forcing removal weakens it.
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An abrupt and persistent climate regime shift in the
Western Eurasian Steppe

Jinling Piao**, Jong-Seong Kug*?, Wen Chen*?

*1 nstitute of Atmospheric Physics, Chinese Academy of Sciences, China
*2School of Earth and Environmental Sciences, Seoul National University, South Korea
*3 Department of Atmospheric Sciences, Yunnan University, China

Semiarid drylands, with their strong land—atmosphere coupling, are increasingly recognized as
highly sensitive to anthropogenic forcing. Here we identify an abrupt and persistent climate regime
shift in the Western Eurasian Steppe, marked by unprecedented summer drying that exceeds the
range of natural variability over the past century and shows no clear sign of recovery. Multiple lines
of evidence indicate that external forcing and internal climate variability jointly drive this trend,
with internal variability amplifying changes since the early 1990s. The resulting soil moisture
loss weakens evaporative cooling and strengthens sensible heating, intensifying heat extremes
and deepening hydrological deficits. This abrupt escalation of land—atmosphere feedbacks has
elevated both drying and heat extremes to levels unseen over the past six decades, contributing
to widespread land degradation and sharp collapse in gross primary productivity. These findings
have broad implications for similar transitions across Northern Hemisphere mid-latitude drylands,
providing critical insights for strengthening global climate resilience under ongoing warming.
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Regional inhomogeneous responses of East Asian
surface air temperature to multi-scale Asian topography
thermodynamical forcing during boreal winter

Nuo Xu*1,22 Bian He*'2 4 Yimin Liu*",3,4, Guoxiong Wu** 2,4, Qing Bao*3,4, Shijian Feng*' 3,4, Shibo
Gao*?

*1State Key Laboratory of Earth System Numerical Modeling and Application, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, 100029, China

*2 College of Agronomy, Shenyang Agricultural University, Shenyang, China

*3| aboratory of Atmospheric and Oceanic Dynamics, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing, 100029, China

*4University of Chinese Academy of Sciences, Beijing 100029, China

High-impact winter temperature events over East Asia are strongly influenced by large-scale
topography, yet the relative roles of different Asian plateaus remain insufficiently understood. Using
a suite of orographical sensitivity experiments with the FGOALS-f3-L climate model, this study
quantifies the impacts of the Tibetan-Iranian Plateau (TIP) and the Mongolian Plateau (MP) on
downstream winter surface air temperature (SAT), with emphasis on the physical conditions related
to regional cold and warm anomalies.The results show a pronounced contrast between northern
East Asia (NEA) and southern East Asia (SEA). NEA is more sensitive to mechanical forcing, with
median SAT anomalies below -5 °C, indicating a strong enhancement of winter cold conditions.
In contrast, SEA is mainly affected by thermal forcing, with median SAT anomalies exceeding 3 °C
and showing shallow nearsurface warming. Under the combined influence of the TIP and MP, the
strongest cooling occurs over NEA, with comparable contributions from the two plateaus. This
cooling extends into the upper troposphere and is linked to strengthened stationary waves, an
intensified East Asian trough, enhanced cold advection, low-level divergence, and reduced cloud
cover. These processes suppress downward longwave radiation and produce a negative surface
radiative anomaly, favoring severe winter cold conditions.Over SEA, cooling is mainly caused by
the mechanical forcing of the MP, whereas the thermal forcing of the TIP induces near-surface
cyclonic circulation and increases cloud cover. This enhances downward longwave radiation and
leads to a positive surface net radiative anomaly. These findings suggest that Asian topography
modulates not only the mean winter climate but also the dynamical and radiative environments
associated with high-impact temperature events.
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Aerosol-Cloud Interactions and Their Influence on Indian
Monsoon Wet and Dry Extremes

Pradeep Kumar Rai*",2, Chandan Sarangi*', N. Arun**, S. N. Kuiry**, L. Ruby Leung*?

*1 Department of Civil Engineering, Indian Institute of Technology Madras, Chennai, India
*2 Pacific Northwest National Laboratory, Richland, WA, USA
*3 Present affiliation: Indian Institute of Tropical Meteorology, Pune, India

Aerosol—cloud interactions(aerosol indirect effects; AIE) play an important role in modulating
the frequency and intensity of Indian monsoon rainfall extremes. In this study, we utilized NEX-
GDDP, a multimodel ensemble of high-resolution (0.25°) data statistically downscaled from 21
CMIP5 simulated climate models to investigate the impact of AIE on consecutive dry days (CDD),
consecutive wet days (CWD), and the simple daily intensity index (SDII) over India. The Models
were evaluated against observations and categorised by skill. Reliable models were divided into
two groups: those accounting only for the direct effects of aerosols, and those accounting for both
direct and indirect aerosol effects.The Results show that models incorporating aerosol—-cloud
interactions more realistically reproduce the observed historical trends in monsoon extremes.
Aerosol indirect effects increase dry days while reducing wet days and rainfall intensity during the
historical period, consistent with observations. In contrast, future projections indicate a decrease
in dry days and an increase in wet days and precipitation intensity under reduced aerosol loading.
The projected changes in CDD and CWD differ substantially between model groups, highlighting the
critical role of aerosol—cloud interactions in shaping future hydroclimatic conditions. underscore
the importance of accurately representing aerosol-cloud processes to precisely predict changes
in the Indian monsoon and extreme rainfall events, for reliable projections of its variability and
extremes.
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Irreversibility of extreme precipitation intensity in global
monsoon areas under multiple carbon neutrality scenarios

Babul Miah*", Jong-Yeon Park*',2, Min-Uk Lee**, Woojin Jeon*?, Young-Hwa Byun*3, Hyun Min
Sung*3, Jin GiHong*4, Md. Jalal Uddin*%, Sanjit Kumar Mondal*®

*1 Department of Climate, Environment and Energy, Jeonbuk National University, Jeonju, South
Korea

*2Department of Earth and Environmental Sciences & Earth Environmental System Research
Center, Jeonbuk National University, Jeonju, South Korea

*3 National Institute of Meteorological Science, Jeju, South Korea

*4 Department of Civil Engineering and Construction Engineering Management, California State
University, Long Beach, CA, USA

*$ Institute of Disaster Management, Khulna University Engineering & Technology, Khulna,
Bangladesh

*¢ rreversible Climate Change Research Center, Yonsei University, Seoul, South Korea

The Global Monsoon Areas (GMAs), home to over half of the world’s population, face escalating
socio-economic risks from extreme precipitation events intensified byrising atmospheric carbon
dioxide (CO2). While previous studies have examined the irreversibility of the climate system
following carbon neutrality, most havefocused on single carbon neutrality scenarios with limited
attention to these vulnerable areas. This study assesses the irreversibility of extreme precipitation
intensityacross seven GMA sub-regions under eight future scenarios, incorporating four carbon
neutrality targets and two reduction rates, using simulations from a state-of-the-art climate model.
Our results reveal that extreme precipitation intensity exhibits irreversible behavior in response to
carbon neutrality forcing, failing to returnto its initial level even when atmospheric CO2 is reduced.
This irreversibility is particularly pronounced when carbon neutrality timing is delayed, and the
emissionreduction rate is slow. Moreover, the irreversible response is nonlinear to the magnitude
of carbon forcing, leading to distinct regional vulnerabilities, with someareas experiencing sharp
increases in irreversibility by even small delays in reaching carbon neutrality. This region-specific
behavior is largely attributed to increasesin mean and variability of precipitation linked to irreversible
El Ni"no-like warming and interhemispheric differential warming. Moisture budget analysis
furthershows that the intensified precipitation arises from the relative influence of thermodynamic
(moisture flux) and dynamic (wind) drivers across regions. These findingshighlight the urgency of
rapid policy implementation in vulnerable regions and can provide a scientific basis for developing
regional adaptation strategies to mitigategrowing extreme precipitation risks.
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Unequal economic impacts of climate change via idealized
carbon dioxide removal: insights from deep learning

Bin Tang**, Jianan Wei*?, Yimin Liu**, Bian He*', Wen Bao*3, Yi Yang*2, Wenguan Wang*2, Wenting
Hu*', Anmin Duan*#

*1State Key Laboratory of Earth System Numerical Modeling and Application, Institute of
Atmospheric Physics, Chinese Academy of Sciences, Beijing, China, 100029

*2The State Key Lab of Brain-Machine Intelligence, Zhejiang University, Hangzhou, China, 311121
*3 Research Center for Environmental Management, Chinese Research Academy of Environmental
Sciences, Bejjing, China, 100012

*4 Center for Marine Meteorology and Climate Change, State Key Laboratory of Marine
Environmental Science, College of Ocean and Earth Sciences, Xiamen University, Xiamen, China,
361100.

Rapidly reducing carbon dioxide (CO2) levels is essential to meeting the Paris Agreement’s
temperature targets.1,2 Previous assessments of CO2 removal (CDR) have primarily focused on
the hysteresis and invertibility of climate change itself,3—7 overlooking quantitative analysis of
potential economic impacts of climate change via CDR. In this study, we first develop a powerful
neural network model, EconClimNet, trained on decades of economic data from 1,554 sub-national
regions worldwide and 111 climate indices derived from the fifth-generation ECMWF atmospheric
reanalysis (ERA5). Compared to popular machine learning algorithms used in the Earth Science
community, EconClimNet achieves superior performance in capturing the intricate relationship
between climate indices and economic outcomes. On this basis, we apply EconClimNet to the
outputs from idealized CO2 ramp up and ramp down experiments from phase 6 of the Coupled
Model Intercomparison Project (CMIP6). It is found that altering climate trajectories through
idealized CDR can yield significant long-term economic benefits globally, with Oceania overall
positioned to experience the greatest gains with an increase trend about 1.41 [0.73~8.76] million
USD yr-1. Unequal economic effects also emerge across income levels. Rich countries see more
benefits (increase trend about 1.56 [0.31~6.21] million USD yr-1) via CDR, mainly contributed
by services (increase trend about 0.03 [0.00~0.23] million USD yr-1). Our findings underscore
the need for governments to foster the innovation, development, and prudent deployment of CDR
technologies, as well as to advance global CDR strategies that prioritize vulnerable nations from a
climate justice perspective.
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Extreme rainfall in the southern Niger-northern Nigeria
Sahel: recent trends and synoptic drivers

Bello Ahmad Abdullahi**, Li Jianping*2

*1 Frontiers Science Center for Deep Ocean Multispheres and Earth System (DOMES)/ Key
Laboratory of Physical Oceanography/Academy of Future Ocean/College of Oceanic and
Atmospheric Sciences/Center for Ocean Carbon Neutrality, Ocean University of China, Qingdao
266100, China

*2| aboratory for Ocean Dynamics and Climate, Qingdao Marine Science and Technology Center,
Qingdao 266237, China

The southern Niger-northern Nigeria region of the Sahel is a recognized hotspot for extreme rainfall,
where annual flash floods result in casualties, widespread destruction, and socio-economic
disruption. Yet, the mechanisms driving the recent increase in extreme rainfall over this region
is poorly understood. In this study, we use high-resolution gridded data and percentile-based
thresholds to investigate extreme rainfall evolution in this region over the past four decades. Our
results reveal that the Extreme rainfall Amount (ERA) has increased significantly since 1981, with
a significant positive trend of 12.60 mm/decade (p<0.01). Decomposing these trends shows that
the increase is mainly frequency-driven, with a strong correlation (r=0.99) between the number
of extreme days (EPF) and total seasonal rainfall. At the same time, the contribution of individual
event intensity (EPI) remains negligible (r=-0.02). Furthermore, we identify that extreme events
now constitute a 50.4% larger proportion of total summer rainfall than in the 1980s. Finally,
we investigate the synoptic patterns associated with extreme rainfall events. Through events
clustering, we identify two physically distinct extreme regimes: one driven by Lake Chad-sourced
moisture convergence, and another by orographic uplift. We further quantify regional moisture
sources, evaluating the relative contributions of remote moisture fluxes to rainfall intensification.
These findings provide an improved understanding of extreme rainfall trends in the central Sahel
with implications for disaster preparedness across the Niger-Nigeria hotspot.Keywords: Extreme
rainfall, central Sahel, flash floods, disaster.
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The role of ocean dynamics and initial ocean memory
on multi-year prediction of the North Atlantic Climate
variability

Abhinav R Subrahmanian**, June-YiLee*',2, Who Myung Kim**,2, Yoshimitsu Chikamoto*4, Yong-
Yub Kim*s.8, Christian Franzke*',2 and Wonsun Park*!,?

*1BS Center for Climate Physics, Busan, Republic of Korea

*2 Pysan National University, Busan, Republic of Korea

*3 National Center for Atmospheric Research, Boulder, CO, USA

*4 Utah State University, Department of Plant, Soils and Climate, Logan, Utah, United States
*$ Geophysical Institute, University of Bergen, Bergen, Norway

*¢ Bjerknes Centre for Climate Research, Bergen, Norway

Among the major ocean basins, the North Atlantic exhibits enhanced multi-year predictability,
particularly over the subpolar North Atlantic (SPNA), where slowly evolving ocean processes
provide a source of climate memory. Yet the physical mechanisms underlying this predictability
and their connection to large-scale Atlantic overturning-related ocean states remain poorly
understood. Here, using the CESM2-based multi-year prediction system (CESM2-MP), we identify
a dynamically coherent ocean state associated with enhanced North Atlantic prediction skill,
characterized by persistent deepocean thermal anomalies, circulation variability, and subsurface
temperature anomalies concentrated over the SPNA. Initialized predictions substantially enhance
sea surface temperature skill in this region, whereas externally forced variability primarily influences
the tropical North Atlantic. This predictable ocean state projects onto large-scale thermal and haline
structures resembling previously proposed Atlantic Meridional Overturning Circulation (AMOC)
fingerprints, whose associated indices remain predictable across multiple lead years. Both thermal
and haline fingerprints retain substantial predictability across multiple lead years. These results
suggest that North Atlantic multi-year predictability is closely associated with persistent large-
scale subsurface ocean dynamics and highlight AMOC-fingerprint-like structures as a physically
interpretable framework for near-term climate prediction.
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Changes in the Madden-Julian Oscillation: From Climate
Change to Climate Intervention

Hien X. Bui**, Vy N. Truong*", and Jheng-Si Chen*"

*1 Department of Atmospheric Sciences, National Central University, Taoyuan, Taiwan

The Madden-Julian oscillation (MJO) is the leading mode of tropical intraseasonal variability,
having profound impacts on many weather and climate phenomena across many regions,
including East Asia. Previous studies have suggested complex changes in MJO activity in a warmer
climate, including changes in MJO precipitation and wind amplitude and in MJO propagation. The
transient change and the MJO emergence signal in the future climate were also examined. Those
changes in MJO characteristics are also impacted by the warming pattern. In the current study,
we further investigate how the MJO changes in the context of climate intervention, particularly the
impacts of solar radiation management (SRM) techniques, such as stratospheric aerosol injection
(SAI) and marine cloud brightening (MCB). Our results show that, in scenarios using the MCB
technique, MJO precipitation amplitude and propagation speed decrease significantly as the MCB
coverage area increases, while MJO wind amplitude tends to increase. In contrast, in scenarios
involving SAl and overshooting, the characteristics of the MJO exhibit minimal changes. Further
analysis focuses on understanding the mechanisms underlying these changes and on evaluating
the consistency of climate simulations across models by examining the moist static energy
budget and the alpha framework. These findings suggest that the decline in tropical static stability,
resulting from the cooling effect of SRM, could have significant implications for MJO prediction and
its teleconnections.
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Geography-aware deep learning downscaling of net
effective temperature for future heat-stress projection in
East Asia

Suguo ZHANG**,2,2, Wenjie DONG*" 2,2

*1School of Atmospheric Sciences, Sun Yat-sen University, Zhuhai 519082, China

*2 Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai)

*3School of Atmospheric Sciences, Key Laboratory of Tropical Atmosphere-Ocean System,
Ministry of Education, Sun Yat-sen University

Extreme heat stress is intensifying across East Asia, where monsoon humidity, complex terrain,
and land—sea contrasts produce strong spatial heterogeneity in thermal conditions. The net
effective temperature (NET), which integrates air temperature, relative humidity, and wind
speed, is well suited to long-term heat-stress assessment, but the coarse resolution of CMIP6
outputs limits fine-scale applications. This study develops a geography-aware deep-learning
framework to downscale NET over East Asia from 1.0° to 0.25°. It uses meteorological and
topographic input channels and incorporates land—sea-constrained non-local attention and
temporal feature learning. ERAS reanalysis was used for training and testing, and bias-corrected
outputs from regionally selected CMIP6 models were used to project future NET under four Shared
Socioeconomic Pathway scenarios. On the independent ERAS test set, the downscaled NET closely
matched the reference data, with R2 values exceeding 0.99 over both land and ocean. For CMIP6
applications, the framework outperformed bilinear interpolation in reproducing NET distributions,
spatial climatology, and seasonal cycles, reducing seasonal RMSE by 27%—71% across climate
zones. Projections show widespread increases in summer NET across East Asia, with the fastest
rise in the temperate zone and persistently high heat stress in the tropical zone. By the late 21st
century, extreme thermal discomfort extends northward into densely populated plains and basins,
and uncomfortable days become more frequent in the North China Plain, Sichuan Basin, and middle
and lower Yangtze River Basin. These results support high-resolution heat-stress assessment and
urban heat-risk planning in East Asia.
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Deep-learning-based Prediction of Tropical Intraseasonal
Oscillations and Associated Heatwaves

Arya Vazhaparambil Sasi **,2, Gopinadh Konda*?, June-YiLee*",2, Daehyun Kang*?

*1 Pusan National University, Busan, South Korea
*2|BS center for climate physics, Busan
*3 Center for climate and carbon cycle research, KIST, Seoul

Subseasonal prediction continues to show very limited forecast skill due to the challenges in
understanding and representing the interactions between major predictability sources such
as characteristics of Intraseasonal Oscillations, evolution of ENSO, tropical-extratropical
teleconnections, etc. Madden Julian Oscillation (MJO) is the key factor of subseasonal
predictability that influences temperature and precipitation extremes like heatwaves and floods
globally. Heat extremes (heat waves) have profound impacts on human health, socio-economic
stability, and the environment worldwide. Recent studies suggest that heat waves are becoming
more frequent and intense over parts of the globe in the present climate. Accurate and advanced
prediction of these heat waves is crucial for enhancing preparedness and mitigating future risks.
However, state-of-the-art numerical weather prediction models often struggle with significant
biases, particularly in forecasting heat extremes associated with intraseasonal oscillations. The
present study investigates the prediction of MJO and its associated heatwave events, using an
advanced Al-based global weather forecast model, KIST's Atmospheric Rhythm with Integrated
Neural Algorithms (KARINA). Trained on daily-mean atmospheric variables from the European
Centre for Medium-Range Weather Forecasts (ECMWF) ERAS5 reanalysis dataset at a 250-km
horizontal resolution, KARINA provides forecasts up to 30 days in advance. KARINA outperforms
traditional models, providing skillful MJO forecasts up to 30 days in advance. This performance
is especially evident in boreal summer and winter, with the model consistently capturing MJO
dynamics and their link to tropical and mid-latitude weather extremes. The 2018 summer heatwave
events over Northeast Asia are investigated to analyze the model’s ability to capture heatwave events
associated with Tropical Intraseasonal Oscillations. KARINA's innovative algorithms captured
tropical dynamics, which are highly promising for a data-driven model. The model’s superior
representation of the MJO, along with its advanced ensemble forecasting techniques, enhances
subseasonal prediction skill and offers valuable insights into extreme weather preparedness.
These results highlight KARINA's potential as a powerful Al-driven tool for improving heat extreme
predictions, ultimately enhancing preparedness and mitigation strategies across affected regions.
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Optimized decadal prediction of summer precipitation
over eastern China

Danwei Qian*"

*1 Zhejiang Ocean University, Zhoushan, China

Summer precipitation contributes nearly half of the annual rainfall in eastern China, playing a
crucial role in socio- economic development. Its accurate near-term prediction has long been
sought by policymakers, stakeholders, and the climate science community to enhance climate risk
management. This study evaluates the decadal predictive capabilities of 9 initialized models from
the Decadal Climate Prediction Project of the Coupled Model Intercomparison Project Phase 6.
Results indicate significant but modest skills for precipitation over South China (SC) during 1963—
2019 and over North China (NC) starting in the late 1990s, while predictive skill over Jianghuai
(JH) remains low. Sources of predictability are investigated to enhance the imperfect forecasts.
The North Atlantic Subtropical sea surface temperature (SST) emerges as a key predictability
source for SC precipitation, facilitating the “Silk Road” teleconnection pattern. Similarly, the
Subpolar Gyre SST is closely associated with NC precipitation through the stimulation of the
circumglobal teleconnection pattern. These SST sources can significantly improve the decadal skill
of precipitation over eastern China after applying machine learning methods to build the forescast
models. Specifically, the anomalous correlation coefficients for SC, NC and JH precipitation are 0.8,
0.79 and 0.65, and mean squared skill Scores skills can be enhanced from 0.19, 0.33 and -=0.17
in the multi-model ensemble mean to 0.54, 0.59 and 0.36, respectively. Overall, our study offers
valuable references for understanding physical mechanisms influencing summer precipitation over
eastern China and advancing decadal predic- tion skills.
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Projected Changes in Wind Speed and Wind Power
Potential using a km-scale Earth System Model

Beomhee Jo*1, June-YiLee*', Gopi Nadh Konda**, Christian Franzke**, Sun-Seon Lee*", and Ja-
Yeon Moon*"

*1 pysan National University, ICCP (IBS Centre for Climate Physics), Busan, South Korea

Future changes in the spatial patterns, intensity, and variability of surface wind speed at local
to regional scales will have significant implications for future wind power generation and
management, given wind power's cubic dependence on wind speed. However, most previous
studies based on coarse-resolution Earth system models have been limited in their ability to
represent wind characteristics, particularly in regions with complex topography and coastal
influences. Here, we investigate simulations and projections of surface wind speed in Europe using
a hierarchy of coupled Earth system simulations with OpenlFS-FESOM2 (AWI-CM3), comparing
km-scale (9 km atmosphere, 425 km ocean) and coarser (~31 km and ~125 km atmosphere)
configurations under both historical (2002-2012) condition and future (2060-2099) high-
emissions scenarios (SSP 5-8.5). Our analysis indicates that variability and extremes (95th
percentile) of surface wind speed, particularly over regions with complex topography, are better
represented in the 9 km simulation than in coarse-resolution counterparts when evaluated against
the European daily high-resolution gridded dataset (E-OBS). The 95th percentile of wind speed
tends to increase with finer resolution, approaching observed values. In the meantime, the 9 km
simulation tends to overestimate the frequency of light winds (0~1 ms-1). Under high-emissions
scenarios, both the mean and variability of surface wind speed across much of Europe are
projected to increase, accompanied by shifts in spatial patterns. The variability change is largely
driven by an intensification of the North Atlantic Oscillation associated with the EI Nifio-Southern
Oscillation. Such changes are expected to have significant implications for site selection of new
wind farms and the management of existing installations. Our study underscores the growing need
for km-scale climate modelling to support resilient energy management.
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Evaluation and Correction of FY-4B/AGRI Satellite Data
and Their Application to Short-Term Photovoltaic Power
Forecasting

Jingsong Gao*', Shaobo Qiao*', Min Min**, Xue Han*2

*1School of Atmospheric Sciences Sun Yat-Sen University, Key Laboratory of Tropical Atmosphere-
Ocean System Ministry of Education, and Southern Marine Science and Engineering Guangdong
Laboratory (Zhuhai), Zhuhai, China

*2 GoldWind Smart Energy Technology, Beijing, China

This study evaluates the bias characteristics and accuracy of the FY-4B/AGRI surface shortwave
radiation (SSR) product using ground-based irradiance observations from photovoltaic power
stations. Based on this evaluation, a short-term photovoltaic power forecasting method is
further developed using corrected FY-4B/AGRI satellite channel data. The results show that the
FY-4B/AGRI SSR product exhibits relatively large deviations from ground-observed irradiance,
indicating that its accuracy still needs to be improved for photovoltaic applications. Since the
detailed retrieval algorithm of the SSR product is not fully accessible, it is difficult to directly correct
the product effectively. Therefore, this study uses the original FY-4B/AGRI channel data instead of
the SSR product as the main input. NOAA-21 polar-orbiting satellite observations are introduced
as reference data, and an inter-calibration method is applied to correct the FY-4B/AGRI channel
data. The corrected multichannel satellite data are then used in a deep learning framework with
a one-step-ahead prediction and regression strategy to achieve short-term photovoltaic power
forecasting. The results suggest that, compared with the direct use of the SSR product, the inter-
calibrated FY-4B/AGRI channel data can better represent surface radiation variability and provide a
more reliable data basis for short-term photovoltaic power forecasting.
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TDSwin-UnetSS: A Physics-Informed Hybrid Transformer for
Unified Multi-Lead Subseasonal Maritime Wind Forecasting

Dianhewen Liu*', Wenyu Huang*", Deliang Chen*" 2

*1 Ministry of Education Key Laboratory for Earth System Modeling, and Department of Earth
System Science (DESS), Tsinghua University, Beijing 100084, China
*2 Institute for Carbon Neutrality, Tsinghua University, Beijing 100084, China.

Subseasonal forecasting represents one of the most challenging prediction ranges in atmospheric
science because forecast skill rapidly decreases beyond two weeks. We present TDSwin-UnetSS,
a physics-informed hybrid Transformer architecture designed for unified multi-lead correction of
subseasonal maritime wind forecasts.

Unlike conventional approaches that require separate models for different lead times, TDSwin-
UnetSS introduces a learnable lead-time embedding mechanism that simultaneously corrects
weeks 3—-6 forecasts within a single framework. The model further integrates Swin Transformer-
based multi-scale feature extraction, U-Net-based spatial reconstruction, intelligent downscaling,
and Weibull-distribution constraints to improve both forecast accuracy and physical consistency.

Applied to ECMWF S2S forecasts over China’s coastal waters, the model reduces RMSE by 13—
17% and improves ACC by up to 76% relative to raw forecasts. Performance gains are particularly
evident during extreme wind events, where RMSE reductions exceed 20%. Results demonstrate the
effectiveness of combining physical constraints and Transformer-based representation learning for
extended-range wind prediction.

The proposed framework provides a scalable and transferable methodology for subseasonal
forecasting and offers new opportunities for Al-assisted operational marine forecasting.
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Eurasian continental warming as a source of uncertainty
in future projections of East Asian summer monsoon
precipitation

Hirokazu Endo, Akio Kitoh, and Tomoaki Ose

Meteorological Research Institute

We investigate how surface warming patterns over Asia lead to uncertainties in projected changes
in East Asian summer monsoon (EASM) precipitation, using data from the Coupled Model
Intercomparison Project Phase 5 and 6 (CMIP5/6). The leading mode of surface-air temperature
change over Asia (SAT_EOF1), derived from inter-model analysis, exhibits a north—south contrast
with strong warming over the Eurasian continent and weaker warming over the tropical oceans.
This SAT_EOF1 pattern is closely associated with future EASM precipitation and its seasonality
through tropical and extratropical processes. The tropical process strengthens low-level southerly
winds through an enhanced land—sea thermal contrast, while the extratropical process weakens
the upper-level East Asian westerly jet by reducing the midlatitude meridional temperature gradient.
These mechanisms induce contrasting EASM precipitation anomalies over the continent and the
ocean. Systematic differences in projected EASM precipitation between the CMIP5/6 ensembles
are attributable to surface warming patterns associated with SAT_EOF1.
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Empirical Prediction of Daily Climate Time Series Data
Using Long Short-Term Memory (LSTM)

Tahir Alaka, Bilikis Alege-Ibrahim*?

*1 Nigerian Meteorological Agency

This study presents an empirical approach to forecasting daily climate variables specifically
temperature and humidity in New Delhi, India, using Long Short-Term Memory (LSTM) networks.
The methodology encompasses critical preprocessing steps including data interpolation, feature
engineering, and windowing techniques to prepare the data set for modelling.

The LSTM-based forecasting architecture comprises two LSTM layers, each with 64 units,
designed to capture temporal dependencies in the data. To mitigate overfitting, a dropout layer with
arate of 0.5 is included, followed by a dense hidden layer utilizing ReLU activation for non-linear
transformation. The output layer contains two neurons with linear activation for the regression
tasks of temperature and humidity prediction.

The model underwent extensive training, including hyperparameter optimization for learning
rate and dropout. Evaluation metrics used to assess performance included Mean Absolute Error
(MAE), Root Mean Square Error (RMSE), and R-squared (R2). For temperature prediction, the model
achieved MAE = 1.5110, RMSE = 2.1557, and R? = 0.9310. For humidity, it obtained MAE = 6.9374,
RMSE = 9.5187, and R? = 0.8348. These results underscore the model’s robustness and predictive
accuracy.

Comparison with baseline models such as Naive Forecasting and Moving Average highlights the
superior performance of the LSTM model in capturing complex temporal patterns. The study
concludes that LSTM-based models provide a resilient and effective framework for enhancing
short-term meteorological forecasts, with implications for early warning systems and climate
resilience strategies.
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Seasonal SST Predictability in the East Asian Marginal Seas
Using a Season-Reliant EOF Analysis

Junghee Yun*!, Hajoon Song**

*1 Department of Atmospheric Sciences, Yonsei University, Seoul, Republic of Korea

The East Asian marginal seas (EAMS) are among the most rapidly warming regions of the
global ocean, exerting strong impacts on regional climate and marine ecosystems. This study
investigates the predictability of sea surface temperature (SST) in the EAMS using a season-reliant
empirical orthogonal function (SEOF) analysis. The SEOF method identifies leading modes of SST
variability that are linked to large-scale climate teleconnections. These modes represent coherent
patterns of SST variability and provide substantial prediction skill across a range of forecast lead
times. The results suggest that large-scale climate variability is an important source of EAMS
SST predictability and highlight the potential of mode-based approaches for improving seasonal
forecasts in the region.
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Abstract Comparative Characteristics and Physical Mechanisms of Abstract
Flash Droughts and Slow-Onset Droughts

Jian Zhu**, Liuyi Wang*', Zhaolun Yu**

*1Hohai University

This study divides drought evolution into three stages—pre-onset, outbreak, and recovery—
and compares the characteristics of flash droughts and slow-onset droughts using hydro-
meteorological variables, atmospheric circulation, and land—atmosphere coupling indicators.
Flash droughts exhibit substantially stronger anomalies than slow-onset droughts, particularly
high-energy flash droughts. During the transition from pre-onset to outbreak, precipitation
decreases by up to 75%, soil moisture declines more rapidly, and temperature and solar radiation
increase more markedly than in slow-onset droughts. Precipitation is significantly positively
correlated with soil moisture, whereas temperature, evaporation, and solar radiation show
significant negative correlations. Atmospheric circulation analyses reveal persistent anomalous
high pressure at 850 hPa, enhanced moisture divergence, and stronger subsidence during flash
drought outbreaks, creating favorable conditions for rapid drought intensification. Both flash and
slow-onset droughts exhibit significant positive evapotranspiration—temperature feedbacks, with
evapotranspiration—temperature correlations generally ranging from 0.6 to 0.7; however, only flash
droughts show a significant increase in lifting condensation level as soil moisture decreases. Flash
droughts are characterized by coherent and monotonic changes in key variables, with soil moisture
and precipitation continuously decreasing and temperature and solar radiation increasing from the
pre-onset to outbreak stage, whereas slow-onset droughts display a pronounced plateau period
and greater variability. Representative case analyses further indicate that stronger anomalous
subsidence and more extensive moisture divergence during the outbreak stage are the primary
atmospheric features distinguishing flash droughts from slow-onset droughts and contribute to
their rapid development.
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Uneven tropical cyclone responses to policy-relevant
stratospheric aerosol injection

Mincheol Moon**, Seung-Ki Min**, Jung-Eun Chu*2, Hyemi Kim*2, Daniele Visioni*4, and Ewa M.
Bednarz*s,®

*1Division of Environmental Science & Engineering, Pohang University of Science and Technology,
Pohang, South Korea

*2School of Energy and Environment, City University of Hong Kong, Hong Kong, China

*3 Department of Science Education, Ewha Womans University, Seoul, South Korea

*4 Department of Earth and Atmospheric Sciences, Cornell University, Ithaca, NY, USA

*s Cooperative Institute for Research in Environmental Sciences (CIRES), University of Colorado
Boulder, Boulder, CO, USA

*6 NOAA Chemical Sciences Laboratory (NOAA CSL), Boulder, CO, USA

While Stratospheric Aerosol Injection (SAl) is being considered as a potential strategy to mitigate
global warming, its specific impacts on extreme weather events, particularly tropical cyclones
(TCs), remain poorly understood. Although global TC frequency generally decreases under both
the standard global warming (SSP245) and SAI (ARISE-SAI) scenarios compared to the base
state, residual zonal responses persist in the tropics. This residual tropical background drives
highly spatially heterogeneous TC responses across different ocean basins, complicating the
efficacy of climate intervention. To address this knowledge gap, this study investigates these
regional asymmetries and their underlying atmospheric mechanisms. Compared to the base
state, TC activity exhibits a distinct basin-specific divergence under SAl: it increases in the North
Indian Ocean (NIO) and the Eastern Pacific (EP), and decreases in the South Indian Ocean (SIO),
while the North Atlantic (NA) shows a partial recovery. Notably, the Western North Pacific (WNP)
demonstrates a unique zonal dipole pattern. These spatially heterogeneous responses are dictated
by varying large-scale environmental indicators across basins. Furthermore, a comparative
analysis with latitude-dependent injection strategies reveals how varying injection locations
modulate these regional TC responses. Crucially, regarding extreme risks (exceeding the top 10%
of the base state), the response of extreme landfalling wind and rainfall is significantly uneven.
While some regions achieve a statistical recovery to baseline levels, others experience either
inadequate recovery—leaving robust residual risks as seen in the NIO—or conversely, an over-
recovery (overcompensation) that excessively alters the base state. Taken together, although SAI
provides global-scale mitigation, the resulting severe regional imbalances highlight the critical need
for detailed, basin-specific residual risk assessments when formulating future climate intervention
policies.

Key words: Tropical Cyclones, SAI, ARISE-SAI-1.5, Geoengineering, Climate mitigation
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Distribution-Guided Ensemble Postprocessing for
S2SPrecipitation Forecasts: A Seamless Pathway Using
Deep Generative Models

Wen Shi**, Baoxiang Pan*2, Jianbin Huang*3,4, Tingfeng Dou**%, Jie Feng*®, Huihui Yuan**, Anran
Wang**, Xin Xia*", Lei Huang*”,2,°, and Yong Luo*"
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Science, Tsinghua University, Beijing, China
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Sciences, Beijing, China

*4 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing,
China

*5Key Laboratory of Earth System Numerical Modeling and Application, Chinese Academy of
Sciences, Beijing, China

*6 Department of Atmospheric and Oceanic Sciences and Institute of Atmospheric Sciences, Fudan
University, Shanghai, China

*7 National Satellite Meteorological Center (National Center for Space Weather), Beijing, China
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Meteorological Administration, Beijing, China

Atmosphere-ocean-land coupled prediction systems, despite their comprehensiveness, face
substantial challenges in the “predictability desert” at subseasonal to seasonal (S2S) timescales,
particularly for precipitation—a variable crucial for socioeconomic activities yet of stunning
spatiotemporal variance.

Post-processing methods developed for numerical weather prediction and climate projections are
not directly applicable to S2S forecasting, as they cannot distinctively address initialization errors,
chaos- induced state uncertainty growth, and model systematic biases. Additionally, regression-
based deep learning corrections introduce smoothing artifacts and ensemble under-dispersion,
limiting their ability to capture key processes and extreme events.

POSTER SESSION

We propose an integrated framework using Generative Adversarial Networks (GANs) for ensemble
post-processing. The approach exploits the ability of deep generative models to represent high-
dimensional distributions, combining trajectory constraints from short-term forecasts with
distributional constraints from long-term climatology. In a case study using ECMWF hindcasts over
Southern China, our model calibrates ensemble forecasts while enhancing both ensemble size and
spatial resolution.

The post-processed forecasts maintain deterministic skill (anomaly correlation coefficient) while
showing improved probabilistic forecast metrics, such as Continuous Ranked Probability Score
(CRPS) and Brier score, extending the skillful probabilistic forecast horizon to week 3. The predicted
fields demonstrate improved spatial distribution matching and maintain linear covariance across
variables. The framework demonstrates strong spread-error correlations for effective advance
error estimation, and helps disentangle forecast uncertainties into propagated dynamical and post-
processing components, each with distinct lead-time dependencies.

This unified framework demonstrates the potential to advance seamless forecast capabilities while
addressing the growing demand for high-resolution, physically consistent S2S products.
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Exploring ocean-driven multi-year predictability of
wildfires

Jeong-eun Yun*', June-YiLee*',2, Yong-Yub Kim*3, Alexia Karwat*', Sun-Seon Lee*?, and
Yoshimitsu Chikamoto*#

*1Research Center for Climate Sciences, Pusan National University, Busan, Republic of Korea
*2 |nstitute for Basic Science, Center for Climate Physics, Busan, Republic of Korea

*3 Bjerknes Centre for Climate Research, Bergen, Norway

*4 Utah State University, Department of Plant, Soils and Climate, Logan, Utah, United States

Wildfire activity in the Southwestern United States (SW US) has intensified in recent decades,
characterized by an increase in total burned area and fire size despite a decrease in the total number
of fire events. While atmospheric drivers such as fire weather index is known to modulate fire risk,
the degree to which large-scale ocean-atmosphere interactions drive the interannual variability and
long-term predictability of these fires remains underexplored. This study utilizes the Community
Earth System Model version 2 Multi-year Predictability (CESM2-MP) system to investigate the
teleconnections between global sea surface temperature variability and SW US wildfire activity. The
CESM2-MP s built upon a 50-member uninitialized large ensemble, from which 10 members were
selected to initialize a 20-member assimilation using observed 3-dimensions ocean temperature
and salinity. Using these assimilation results as initial conditions, 5-year hindcast simulations were
performed for each start year from 1960 to 2021. Singular value decomposition analysis reveals
a robust coupling between a La Nifia-like SST pattern and widespread increases in burned area
across the region, explaining 57.5% of the shared variance. This relationship is further validated by
the tropical-trans basin variability index, which serves as a potent precursor for extreme fire years.
Mechanistically, we demonstrate that oceanic signals are translated to the land surface through
synchronized depletions in precipitation, relative humidity, and soil moisture, which enhance fuel
aridity during the critical summer burning season. Our evaluation of the CESM2-MP hindcasts
demonstrates high predictive skill for burned area, particularly during extreme years post-2000.
While the model effectively captures temporal variability, spatial discrepancies persist due to
localized stochastic factors such as complex topography and human fire suppression efforts.
However, the high potential predictability observed in assimilation-to-hindcast comparisons
suggests that ocean-driven signals provide a powerful framework for long-term wildfire
forecasting. These findings offer a physical basis for improving regional fire management and
climate adaptation strategies in a warming world.

POSTER SESSION

Poster Presentation 31

Speaker

Abstract

Manuel Tobias Blau

Independent Researcher
manuel.tobias.blau@gmail.com

Snow Cover Loss Reshapes Climate Dynamics over High
Mountain Asia
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The mountains have been getting warmer in recent years. The characteristic of alpine climate
is the cold temperature, which allows for extensive seasonal and interseasonal snow cover
formation. In response to climate change, the snow cover declined. Using available reanalysis
products and observation data, snow cover and depth have declined over the last 44 years. For
High Mountain Asia those changes result from a combination increased surface melting and
reduced accumulation due to a phase change of precipitation towards more rainfall. Climate Model
Intercomparison Project Phase 6 can show the future changes of regional snow cover to changes
in the large-scale circulation. High Mountain Asia shows distinct responses of snow cover to future
temperature and precipitation changes. Further, the snow cover decline and associated albedo
changes enhance warming. Due to related atmospheric adjustments that practically explains
warming throughout the atmospheric column we can link those cryosphere changes to climate
dynamics such as the Tibetan High. This analysis can connect projected changes of snow cover
to the changes in monsoon circulation by amplifying the Tibetan High by regional warming and
associated wind systems. Understanding the impact of changing snow cover patterns is critical
for informing sustainable development and preparing for the potential consequences of these
changes.
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