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Process-Level Diagnostics of Marine Stratocumulus in TaiESM1: Insights
into Parameterization Successes and Deficiencies

TaiESM1 FP e JE A5 25 AU F2 8 1 52 B - TR 23 2 B0 E RO R D) B e 2 iR

Yi-Hsuan Chen and Chein-Jung Shiu
BRBCET B FFHLE

Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan
P FER T BR B AEE T ZE O

Abstract

Marine stratocumulus clouds strongly influence Earth’s radiation budget by reflecting incoming solar radiation,
yet many general circulation models (GCMs) struggle to simulate them, primarily due to parameterization
deficiencies. In contrast, the Taiwan Earth System Model version 1 (TaiESM1) can realistically simulate marine
stratocumulus clouds and associated cloud radiative effects, although the reasons for this performance remain
unclear. To investigate this, we conduct short-term hindcast simulations for July 2001, coinciding with the
DYCOMS-II field campaign over the northeastern Pacific, together with complementary single-column model
(SCM) simulations of its RFO1 and RF02 flight observations. Detailed tendency analysis of cloud liquid water
and related variables is used to quantify contributions from individual parameterizations and their interactions.
Results show that stratocumulus maintenance depends on (1) sufficient moisture transport by the turbulence
scheme; (2) conversion of moisture to cloud liquid by the cloud macrophysics scheme; and (3) cloud liquid
diffusion by the turbulence scheme. In the cloud layer, the turbulence and macrophysics schemes exhibit a
delicate balance, and their residual determines cloud evolution. In the subcloud layer, the turbulence scheme
unrealistically diffuses cloud liquid to the surface layer, which is then removed by the macrophysics scheme,
causing spurious cooling and moistening tendencies. This unrealistic behavior requires correction. This study
demonstrates that combining field observations, short-term hindcast simulations, SCM experiments, and
tendency analysis provides a powerful framework for diagnosing parameterization behaviors, successes, and
deficiencies. This framework is broadly applicable to other cloud-related biases in GCMs.

Keywords: marine stratocumulus; TaiESM1; short-term hindcast; DYCOMS
ST M RS REEE; TaiBESM; BLII# #EHEE, DYCOMS
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A TC-removed technique was applied to global analyses to study the impact of TCs on
the summertime subtropical ISO propagating over the western North Pacific (WNP).
The TC-removed ISO pattern showed a westward shift from the area between Taiwan
and Japan to the northern South China Sea. The monsoon trough thus weakened
after TCs were removed from the circulation fields. Furthermore, the interaction
between the ISO and submonthly wave patterns also showed weaker signals after TC
removal. However, the activity over the South China Sea remained considerable
strong because fewer TCs passed through this area. Therefore, the ISO and
submonthly wave patterns retained considerable intensity over the South China Sea.
The higher frequency of TC occurrences in the westerly phase results in a more
pronounced energy reduction following TC removal compared to the easterly phase.
Moreover, synoptic-wave PKE exceeds its submonthly counterpart, and the baroclinic
conversion exhibits a north-south orientation, both due to the upstream recurving
TCs that redirect their paths toward Japan. These findings reinforce our knowledge of
climate variability, thus advancing climate modeling accuracy. This research
underscores TCs' substantial impact on atmospheric circulations, highlighting their
role in coordinating the submonthly wave patterns, synoptic waves, and ISOs in the
WNP. This enhanced knowledge facilitates a more accurate explanation of climate
variability. Nevertheless, comprehensive analyses and assessments across the global
domain are essential to fully include the broader implications and variability of TC

interactions with atmospheric perturbations worldwide.
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Seasonal Variation of Diurnal Rainfall Characteristics over Vietnam

Wan-Ru Huang*, Hai Bui-Manh, Tzu-Yang Chiang, and Suranjith Bandara Koralegedara

Department of Earth Sciences, National Taiwan Normal University, Taipei, Taiwan

This study explores the characteristics and mechanisms of diurnal rainfall in Vietnam (VN), focusing on
two key aspects: (1) the ability of Integrated Multi-satellite Retrievals for GPM (IMERG) to capture regional and
seasonal sub-daily rainfall patterns; (2) the influence of multi-scale atmospheric processes in shaping these
patterns. Data from 171 rain gauge stations served as a reference for the evaluation. Results indicate that while
IMERG underestimates the magnitude of diurnal rainfall variation, it successfully identifies regional and seasonal
differences in diurnal rainfall timing. Key findings include: (1) Southern VN predominantly experiences late-
afternoon rainfall across all seasons; (2) Central VN shifts from late-afternoon rainfall dominated in spring-
summer to nocturnal rainfall dominated in autumn-winter; (3) Northern VN displays mixed characteristics, with
southern areas showing seasonal patterns like central VN, while northern areas are dominated by nocturnal rainfall
year-round. Examining the maintenance mechanisms reveals that diurnal rainfall in southern VN is primarily
influenced by local breezes (land-sea and mountain-valley breezes) interacting with topography, exhibiting
minimal seasonal variation in timing. In central VN, significant seasonal changes in diurnal rainfall timing are
driven by the seasonal shift in the location of moisture flux convergence, affected by specific humidity and low-
level wind. In northern VN, the complex interplays between local breezes and the clockwise veering rotation of
larger-scale diurnal wind circulation over the Gulf of Tonkin and the South China Sea, along with topographical
influences, are crucial for diurnal rainfall formation. These findings highlight the importance of multi-scale

atmospheric dynamics in modulating regional diurnal rainfall variations over East Asia.
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Soil Moisture Regimes as a Framework to Understand
Hydroclimate Change and Extremes

DA-888/K 53 1F P BUREHR /K SRR B B B R B

Hsin Hsu
International Degree Program in Climate Change and Sustainable Development,

National Taiwan University

R
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Abstract

Recognizing soil moisture regimes provides a powerful framework for understanding hydroclimate
dynamics. The soil moisture—evapotranspiration relationship is inherently nonlinear, with dry, transitional, and
wet regimes defined by whether surface fluxes are limited by water or energy. These regimes fundamentally
regulate how the land surface modulates climate variability and extremes.

The rapidly expanding availability of daily records of soil moisture, surface heat fluxes, and near-surface
atmospheric states—from in situ observations, observation-constrained products, satellite retrievals, and Earth
system model simulations—has enabled the development of data-driven approaches to track soil moisture
regimes across historical periods and future projections. Using the proposed approaches, I have shown that: (1)
multiple satellite- and observation-based datasets consistently identify similar global geographic patterns of soil
moisture regimes; (2) Earth system models forced by idealized CO. increases robustly project expanding
transitional regimes, during which land-atmosphere interactions are most active; (3) soil moisture regimes
evolve not only through changes in soil moisture distributions but also through shifts in the threshold values that
separate regimes; (4) nonlinear soil moisture—surface heat flux coupling in transitional regimes likely acts as a
key feedback amplifying compound hot—dry extremes; and (5) the regime in which a compound hot—dry
extreme emerges strongly shapes its development.

Together, identifying soil moisture regimes sharpens process-level interpretation of land—atmosphere
coupling, strengthens climate-model evaluation, and provides mechanistic insight into hydroclimate change and

extremes.

Keyword: Soil Moisture Regimes, Hydroclimate Change, Hydroclimate Extremes, Surface Heat Flux
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Anthropogenic aerosol impacts on the Indian Summer Monsoon Onset

Chiung-Wen June Chang!, Kuan-Tzu Huang!, Min-Hui Lo?
IChinese Cultural University

’National Taiwan University

Abstract

This study aims to investigate how anthropogenic aerosol emissions over the Indian Peninsula modulate the onset of

the Indian summer monsoon (ISM) through thermodynamic, dynamic, and aerosol - convection feedback processes.

Motivated by emerging observational and modeling evidence, including changes in circulation and precipitation
during the COVID-19 lockdown period, the research examines how aerosols alter diabatic heating over the Tibetan
Plateau, influence the South Asian High, suppress pre-onset convection, and modify moisture transport from the Indian
Ocean. Using CESM1 experiments, the first phase of this proposal analyzes anthropogenic aerosol impacts on
monsoon onset timing and associated circulation changes. The second phase introduces two additional sensitivity
experiments that disable convective wet scavenging, allowing quantification of aerosol removal effects and feedback
on aerosol accumulation, atmospheric stability, and ISM onset variability. By integrating thermodynamic diagnostics,

moisture budget analysis, and ensemble simulations, this study aims to construct a unified aerosol - convection —

circulation interaction framework. Expected outcomes include improved mechanistic understanding of aerosol-driven
monsoon modulation, enhanced attribution of aerosol effects on ISM onset timing, and new insight into the role of

wet scavenging in shaping pre-monsoon conditions.

Keywords: Indian monsoon onset, anthropogenic aerosol emissions, CESMI1, aerosol-convection-circulation

interaction
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A Physics-Guided Deep Learning and Statistical Hybrid Framework
for Surface Observation Gridding and Downscaling in Taiwan's

Complex Terrain
Shih-Hao Su

Department of Atmospheric and Geological Sciences, Chinese Culture University, Taipei, Taiwan.

This study investigates the high spatial variability and non-stationarity of surface meteorological fields
resulting from Taiwan's complex terrain and dynamic weather systems. Long-term climate
observational data in Taiwan face significant challenges regarding spatiotemporal heterogeneity.
Surface stations before the 1980s were extremely sparse, and although the number of automated
stations has increased since then, they remain disproportionately concentrated in plains and urban
areas. Consequently, mountainous regions with rugged terrain have long remained observational blind
spots. To address these limitations, traditional gridding methods (e.g., Inverse Distance Weighting,
Kriging) are often constrained by assumptions of isotropic spatial correlation and by the absence of
atmospheric physical constraints. These methods frequently fail to accurately capture temperature lapse
rates or orographic precipitation characteristics in mountainous areas, leading to physically inconsistent
estimation biases.

To overcome these challenges, this study proposes an innovative "Physics-Guided Al-Statistical Hybrid
Framework" designed to reconstruct a continuous, high-quality gridded meteorological dataset for
Taiwan spanning the past 30 years. The project execution is divided into three core phases. The first
phase, "Feature Extraction," uses ERAS reanalysis data and machine-learning clustering algorithms to
precisely extract "weather regime" features, which are then integrated with topographic factors to
construct environmental feature vectors. The second phase, "Hybrid Statistical Modeling," employs
Deep Neural Networks to learn spatial covariance structures dynamically under varying atmospheric
conditions. This process generates covariance matrices with "flow-dependent" characteristics, which
are then integrated into a Best Linear Unbiased Estimator mathematical framework to produce
physically consistent backbone grids at a 25-km resolution. The final phase, "High-Resolution Grid
Generation via Downscaling," applies our self-developed Multi-Input Super-Resolution (MISR) model.
By incorporating physical constraints into the data-processing workflow, the model refines the coarse-
grid data, downscaling it to a horizontal resolution of 1 km.

This research is expected to successfully produce a high-quality gridded meteorological dataset
covering the past 30 years, with spatial resolutions ranging from 25 km down to 1 km. The outcome
aims to effectively correct estimation errors during early, data-sparse periods, providing a stable,
continuous, and reliable foundation for meteorological information for long-term climate analysis and

extreme weather event research in Taiwan.
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Resolution Dependence of Tropical Poleward Energy
Transport in Aquaplanet GCMs

Chiung-Yin Chang 1, Pu Lin 2, Isaac M. Held 3, Timothy M. Merlis 3, and Pablo Zurita-Gotor 4,5

1 National Taiwan University, 2 Boston College, 3 Princeton University, 4 Universidad Complutense de
Madrid, 5 InstitutodeGeociencias(IGEQ)UCM-CSIC

Abstract

The tropical atmosphere plays an important role in transporting energy poleward and driving the global
circulation. However, understanding and simulating this fundamental aspect of our climate remains difficult due
to its sensitivity to convective parameterizations and horizontal resolution. This study focuses on benchmarking
the resolution dependence of tropical poleward energy transport in two aquaplanet atmospheric general
circulation models with disabled convective parameterizations: a nonhydrostatic high-resolution (100-6 km)
finite-volume cubed-sphere model with a full physics package and a lower-resolution (300—100 km) hydrostatic
spectral model with idealized moist physics. Despite differences in their physics and numerics, both models
demonstrate that column-integrated poleward moist static energy transport by the mean meridional circulation
increases with resolution in the deep tropics, while transport by transient eddies decreases. These changes are
associated with enhanced gross moist stability that switches from negative to positive due to an increasingly
top-heavy mean circulation and reduced eddy activity diffusing water vapor along an unchanging mean moisture
gradient. Further analysis rules out extratropical baroclinic eddies and radiation as the main drivers of these
changes. Instead, the resolution dependence of both the mean meridional circulation and transient eddies
appears to reflect the resolution dependence of tropical explicit (unparameterized) deep convection. We
speculate the multiscale interactions of convection allow for a coupling between gross moist stability and eddy
moisture flux, leading to their concurrent changes with resolution. We discuss the implications of this resolution
dependence for developing theories and models of the tropical atmosphere.

Keyword: Resolution Dependence, Tropical Energy Transport, Hadley Cell, Transient Eddies,
Aquaplanet GCMs
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ISO Modulations on Landfalling Tropical Cyclones in
the Philippines

FRIREHSEFRE R ERTTRIEZ TS

Pei-Hua Tan!, Tzu-Ling Lai?, Jau-Ming Chen?, Pen-Yuan Chen’
'Department of Applied History, National Chiayi University, Chiayi, Taiwan
’Department of Maritime Information and Technology, National Kaohsiung University of
Science and Technology, Kaohsiung, Taiwan

3Department of Landscape Architecture, National Chiayi University, Chiayi, Taiwan

ABSTRACT

Landfalling tropical cyclones in the Philippines (LTCpn) occur most frequently in
October—December (OND) than July—September (JAS). LTCpu concentrate in the region north
of 14° N during JAS, but increase evidently in the region south of 14°N during OND. This
study examines modulations of the 30—60-day intraseasonal oscillation (ISO) on LTCpy in JAS
and OND during strong convective (CON) and non-convective (N-CON) ISO phases. In both
JAS and OND, the major ISO anomaly during the CON phase is an elongated anomalous
cyclone across the South China Sea (SCS) and tropical western North Pacific (WNP). The
WNP tropical cyclones (TCs) were driven by anomalous southeasterly flows along the interior
of this anomalous cyclone toward the Philippines. For the N-CON phase, the dominant ISO
anomaly is an anomalous anticyclone extending southwestward from the oceans east of Taiwan
toward the SCS. LTCpu were steered by anomalous easterly or northeasterly flows in the
southern part of this anomalous anticyclone. Both the anomalous cyclone and anticyclone and
their steering flows expand more southward in OND than JAS. This assists more LTCpn to
move along a more southern track toward the region south of 14° N during OND. Numbers of
LTCpn in the CON phase are about 2.9 (3.4) times as many as those in the N-CON phase during
JAS (OND) facilitated by ISO anomalies of increased moisture content and decreased vertical
wind shear. During the CON phase, the dominating anomalous cyclone connects with a
southeastward intensification of the monsoon trough during JAS and a northwestward
intensification of the equatorial trough during OND. During the N-CON phase, the governing
anomalous anticyclone associates with a southwestward amplification of the western Pacific
subtropical high (WPSH) during JAS and zonal and meridional intensifications of the WPSH
and Siberian high during OND.
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Maritime Deep Tropical Convection in Convection-permitting Simulation:
A Unified Representation

Chun-Yian Su! and John M. Peters?
!Center for Weather and Climate Disaster Research, National Taiwan University

Department of Meteorology and Atmospheric Science, The Pennsylvania State University
Abstract

Convection-permitting models explicitly simulate convective coherent structures larger than the model's
horizontal resolution while truncating smaller-scale counterparts. To investigate how unresolved convective
structures associated with deep convective processes affect storm features in convection-permitting simulations,
a deep convection scheme that enables a unified representation of deep moist convection is developed. The key
variable in the scheme is fractional convective cloudiness (o), which controls the vertical eddy transports and
determines the partitioning of the water phase change processes between parameterization and explicit simulation.
Together with a steady-state plume model with memory and stochasticity, the unified scheme parameterizes o for

each realization of grid-scale processes.

Using the Cloud Model 1 with the unified scheme, idealized convection-permitting simulations (dx 3 km) driven
by mean conditions of the GATE Phase III field experiment are carried out. The results show that unresolved deep
convection dominates the vertical energy transport in the early stages of simulated storms, and its dominance
gradually weakens as the storms develop. The parameterized detrainment leads to the early occurrence of mid-to-
high level clouds. In comparison with the ordinary convection-permitting simulation, the unified scheme
contributes to a pronounced congestus mode in the vertical velocity profile of mature storms, as the vertical eddy
transport enhances dry static stability. In addition to improving the representation of deep moist convection across
scales, the development of the unified scheme suggests an alternative framework for investigating multiscale

interactions associated with deep convective processes.

Keyword: Deep moist convection, unified representation, convective updraft cloudiness, convection-

permitting model
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A Changing El Nifio—Typhoon Relationship Under a Warming Climate

Yong-Fu Lin'?, I-I Lin?, Jin-Yi Yu!, Chau-Ron Wu?*>
1. Department of Earth System Science, University of California, Irvine, CA, USA
2. Research Center for Critical Issues, Academia Sinica, Taipei, Taiwan
3. Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan
4.  Department of Earth Sciences, National Taiwan Normal University, Taipei, Taiwan
5. Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan
Abstract

The 2023 El Nifo produced an unprecedented western North Pacific (WNP)
configuration, with record-low typhoon frequency but an unusually high proportion of
super typhoons (reaching 50%). Despite being a strong El Nifio, the WNP displayed
non—El Nifio oceanic conditions, sustained by residual La Nifia heat, Atlantic—Pacific
teleconnections, and anthropogenic warming. Unfavorable atmospheric conditions
suppressed genesis, yet elevated subsurface heat in the WNP fueled rapid intensification
of storms that did form, revealing a growing decoupling between typhoon frequency
and intensity. This event highlights a shift in typhoon drivers: from atmospheric
dynamics toward oceanic thermal structure under climate change. As such non-
canonical El Nifio patterns become more frequent in a warming climate, predictive
frameworks must move beyond ENSO-centric metrics to integrate cross-basin
interactions, ocean memory, and long-term warming in order to improve forecasts and

strengthen resilience in vulnerable coastal regions.
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Deep convection despite strong surface inhibition—examples with cloud-
resolving and anelastic convective entity models

Kuan-Ting Kuo!'?, Yi-Hung Kuo?3, J. David NeelinZ, and Chien-Ming Wu!

'Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan
Department of Atmospheric and Oceanic Sciences, University of California, Los Angeles, Los Angeles,
CA, USA
3Cooperative Institute for Modeling the Earth System, Princeton University, Princeton, NJ, USA

Abstract

Convection triggering under strong convective inhibition (CIN) is examined using three cloud-resolving models:
the Vector Vorticity Model (VVM), the Anelastic Convective Entity (ACE) model, and the Superparameterized
Community Atmosphere Model (SPCAM). Results here challenge the conventional wisdom inferred from parcel
theory that CIN strictly controls convection initiation. All three models produce precipitation even with weak
initial vertical velocity (w), highlighting effects of nonlocal perturbation pressure and dynamic entrainment. For
a near-surface initial perturbation of kilometer-scale horizontal dimension, a comparable depth of vertical velocity
develops almost instantly due to the nonlocal pressure effects. Convection consistently initiates near the top of the
inversion layer, indicating that entrainment at these heights is more important than surface-based processes. Once
w exceeds a certain threshold—substantially lower than anticipated by parcel theory—the timing and intensity of
precipitation remain largely unchanged. This suggests that overcoming CIN is not the primary limiting factor for
convection. Model differences reveal the impact of gravity waves, particularly in SPCAM, where wave
interactions strongly influence convection. A reduced-humidity experiment with VVM further exhibits convection
initiated by gravity waves interacting with dynamic entrainment, even for a near-surface initial perturbation,
making the outcome highly sensitive to small variations in w. These findings make a strong case for replacing
traditional CIN-based parcel models with advanced convection representations in global models to address

persistent biases in the diurnal cycle of precipitation.

Keyword: Anelastic nonlocal dynamics, Convection initiation, Convective inhibition, Cloud-resolving models
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Seasonal cycle and ENSO on modulating the long-term variation and
impact of Indo-Pacific Warm Pool

Chi-Cherng Hong' and Chih-Chun Chang!

'Department of Earth and Life Science, University of Taipei, Taipei, Taiwan

Abstract

The observation yields the area of Indo-Pacific Warm Pool (SSTs exceeding 28°C,
hereafter WPA) fluctuates with annual cycle and multiple timescales, which primarily
determined by the annual cycle, ENSO (2-7 years) and long-term (period >20 years)
time scales. How the annual cycle and ENSO on modulating the long-term variation
and impacts of WPA were investigated. It revealed that the regression of SSTs and
atmospheric circulations onto to interannual component of WPA yields an El Nifio-like
pattern, whereas exhibits a Mega La Nifia like structure for that of the long-term
component (i.e., WPA without ENSO). That is the regression onto long-term
component of WPA was partially offset by ENSO. It became important to remove off
the effect ENSO in investigating the long-term impact of WPA.

The regression onto the long-term component of WPA vyields an enhanced Walker
circulation, which was modulated by seasonal cycle in response to the south-north
migration of ITCZ. The regression in MAM similar to SON vyields an anomalous
convection/descent in Maritime Continent/equatorial eastern Pacific. In JJA, the
convection moves form Maritime continent to northern Indian Ocean, whereas it
returned southward to SPCZ in DIF. The anomalous convection in JJA potentially
enhanced the Indian summer monsoon and modified the Africa boreal monsoon rainfall
to northward extending. Whereas the accompanied subsidence tend to suppress the
convection over the western North Pacific. In DJF, the anomalous convection in SPCZ
forced a large-scale subsidence in southern America. It created a dry conditions, which
enhanced and modified Amazon drought southward extension recently.

Keywords: Indo-Pacific Warm Pool, SST, annual cycle, ENSO, long-term
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Contrasting Yet Connected: Cold Tongue Variability in the Atlantic and
Pacific
Li-Chiao WANG
Department of Atmospheric Sciences, National Central University, Taoyuan City, Taiwan
The equatorial cold tongues in the Atlantic and Pacific Oceans are integral to tropical climate variability
through strong ocean—atmosphere coupling. Despite their shared dynamical foundations, the two systems exhibit
pronounced contrasts in mean state, dominant feedbacks, and variability characteristics. This study investigates
cold tongue variability from the complementary perspectives of ocean dynamics, atmospheric processes, and
air-sea coupling. Using reanalysis datasets and model outputs, we examine variability across seasonal,
interannual, and decadal timescales, with particular emphasis on the role of mean-state differences and feedback
mechanisms. We further explore Atlantic—Pacific linkages mediated by atmospheric teleconnections and
large-scale circulation changes. By adopting a unified, multi-timescale framework, this work focuses on both the
contrasts and connections between Atlantic and Pacific cold tongues and their implications for tropical climate

variability and predictability.

C15



Changes in Polar Atmosphere and Hydrology Under Global
Warming: Mechanisms Revealed by Observations,
High-Resolution Weather and Traditional Climate Model
Simulations, and New Al Climate Emulations

Yu-Chiao Liang', Yu-Jyun Liou?, Kao-Shen Chung?, Chieh-Ying Ke?, Nicholas J. Lutsko®, and
Young-Oh Kwon*

"National Central University, Taoyuan City 320317, Taiwan;

’Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan;
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“Woods Hole Oceanographic Institution, Woods Hole, MA, USA

Abstract

Anthropogenic global warming has caused substantial climate change in Arctic regions. The Norwegian
Svalbard region has experienced record-breaking changes in the surrounding environment, ecosystems, and
regional climate regime. The present study integrated surface observations and reanalysis data sets with
simulations from the Weather Research and Forecasting (WRF) regional model, which offers high-resolution
spatiotemporal information, to investigate the mechanisms of atmospheric changes in the Svalbard region under
global warming. A comparison of summer conditions in 2013 and 2023 revealed a substantial increase in the
500 hPa geopotential height field accompanied by a weakening of surrounding pressure gradient forces and
wind speeds. These changes were dynamically linked to a reduction in vertical motion: Weakened upward
motion hampered the efficiency of moisture transport from the lower to the upper atmosphere. The consequent
atmospheric warming and reduction in lower-level moisture led to a marked reduction in the volume of
upper-level cold clouds. This reduction in cold-cloud cover resulted in an increase in incoming shortwave
radiation that heated the surface and intensified increases in surface temperatures. In addition, the large-scale
500 hPa geopotential height increase can be revealed by the Arctic warming associated with sea-ice loss,
simulated by both traditional climate models and new Al climate emulator. Our findings highlight the changes
in regional atmospheric and hydrological conditions in the Svalbard region in the first decades of 21st century
and underscore the need for high-resolution regional models, together with traditional climate models and new

Al approaches, to determine the mechanisms underlying these changes.

Keyword: amplified Arctic warming, hydrometeorological climate change, high-resolution regional model,

TaiESM1, Google’s Neural GCM.
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Stratospheric-tropospheric mass exchange associated with tropopause folds
Kai-Wei Chang and Chia-Hui Chung

Department of Atmospheric and geological sciences, Chinese Culture University, Taiwan

Abstract

Tropopause folds (TFs) are regarded as the main mechanism for stratosphere-troposphere exchange (STE) in the
midlatitude region and play an important role in the redistribution of gases and aerosols between the troposphere
and stratosphere. However, studies characterizing what fraction of STE is associated with tropopause folds are
lacking. In this study, we use Lagrangian trajectories to estimate STE mass flux and the TF detection algorithm
by Skerlak et al. (2015) to determine whether trajectories associated with STE are related to TFs. Trajectories and
TF detection are performed on the ERAS model-level data at 0.5° spatial and 3-hourly temporal resolution. By
matching exchange events to TFs using a temporal and spatial separation threshold of 1 hr and 300 km (based on
the method of Sprenger et al., 2003), we find that in the Northern Hemisphere during year 2022 the annual average
stratosphere-to-troposphere (STT) mass transport of all transport events is ~1.14x10" kg s, while those
associated with TFs account for roughly 34.8% of it. For troposphere-to-stratosphere (TST) transport, the average
transport rate is ~5.91x10° kg s, with TFs accounting for 27.4%. We plan to perform this analysis for the period

19802023 and assess the presence of trends in transport and the role of TFs in both STT and TST.
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Diagnosing ENSO Behavior Biases in TaiESM

'Ting-Hui Lee, '"Min-Hui Lo, and 2Yong-Fu Lin
'Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

ZResearch Center for Critical Issues, Academia Sinica, Taipei, Taiwan

Abstract

ENSO event location and persistence have received increasing attention over the past two decades, with
reports of more frequent Central Pacific (CP-type) events and multi-year episodes. Here, we
systematically evaluate ENSO diversity in TaiESM, Taiwan’s in-house Earth system model. We use the
Oceanic Nifio Index (ONI) to identify events and then classify them by spatial pattern (Eastern Pacific,
EP-type; Central Pacific, CP-type) and persistence (single-year, SY; multi-year, MY). TaiESM
overestimates the fraction of CP-type El Niflo events, whereas La Nifia occurrences are biased toward
the EP type. Regarding persistence, TaiESM produces too many SY events in both phases. TaiIESM
captures the first-order contrast between EP-type and CP-type El Nifio, but the SST anomalies are overly
strong, particularly for EP-type El Niflo and CP-type La Nifia. The overly strong CP-type La Niiia,
potentially linked to an excessively strong preceding El Nifo, leads to cold SST anomalies persisting
into the second year. The evolution of CP-type El Nifio is also biased, with an unrealistic phase transition
toward the second year in TaiESM. These results highlight systematic biases in TaiIESM ENSO location,

persistence, and amplitude, motivating ongoing dynamical diagnostics.
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Climate Change and Climate Interventions (C3I): Impacts and Physical
Mechanisms
Hien X. Bui

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

Abstract
As many people around the world are experiencing an unprecedented increase in extreme events that greatly affect
human life, the environment, and the economy, it is crucial to understand the underlying physical mechanisms of these
events, how climate change influences them, and potential solutions. We proposed a project that has three main
objectives: (i) to deepen understanding of the physical processes driving changes in extreme events caused by climate
change, (ii) to investigate how these extreme events — such as heavy rainfall, heatwaves, floods, and droughts — impact

the climate, and (iii) to explore strategies for combating climate change while promoting decarbonization.

We will adopt a collaborative and interdisciplinary approach, combining atmospheric physics, climate modeling,
and artificial intelligence/machine learning to address these challenges. Our research will examine the atmospheric
processes responsible for changes in extreme events within a context of a changing climate. This includes studying
the timing of their emergence, the contributions of mean conditions and variability, and the effects of both internal and
external forces on these extreme changes. Conversely, we will also investigate how these extreme events influence the
climate itself, with a particular focus on the land-atmosphere-ocean interaction processes. Additionally, we will delve
into research related to climate intervention, specifically solar radiation management, to gain further insights into the

fight against climate change, its effectiveness, and its potential side effects.

Keyword: climate change, climate extreme, climate intervention, solar radiation management, climate modeling
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Spatially divergent hydroclimatic responses to deforestation in the
Maritime Continent

Yulizar Yulizar', Min-Hui Lo’

'Department of Atmospheric Sciences, National Taiwan University, Taiwan

Abstract

Tropical forests strongly regulate regional hydroclimates, yet the spatial structure of precipitation
responses to deforestation remains poorly constrained in the convectively active Maritime Continent.
Using 4-km, hourly convection-permitting WRF simulations, we examine how idealized land-cover
changes from forest to grassland and barren land affect precipitation across spatial and intensity scales
during four representative months in 2010. Deforestation amplifies rainfall heterogeneity, producing
distinct moistening and drying regimes linked to altered land—sea thermal gradients and mesoscale
circulation. Reduced-rainfall regions experience more dry hours and weakened convection, while
moistening areas show intensified coastal convection, revealing an emergent “wet-get-drier, dry-get-

wetter” response to forest loss.

Keywords: Deforestation, moistening, drying, WRF
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Cloud-Fog-Induced Radiation Attenuation Weakens Land Control
and Suppresses Microclimate Variability
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Abstract

Land type fundamentally shapes the distribution of surface heat fluxes, thereby defining the core characteristics of
land-atmosphere interactions. Downward radiation serves as the primary energy input for these interactions, but its
variability is strongly influenced by the dynamic variation of clouds and fog. These variations play a crucial role in
shaping the spatial heterogeneity of hydro-climatological cycles. However, limitations in the temporal continuity and
spatial resolution of satellite and radiosonde observations hinder our ability to capture the diurnal evolution of near-
surface atmospheric vertical structures. To address this challenge, we investigate the influence of fog events on the
spatiotemporal variation of microclimate across different land types using paired in-sifu meteorological stations and
near-surface vertical temperature profilers. During fog events that simultaneously affect both a forested site and an
adjacent open field, the near-surface air temperature difference between two land types decreases significantly from
4.58+2.49°C to 1.51£1.09°C at noon, and from -3.57+2.03°C to -1.20+£3.46°C at 7:00 AM, respectively. Vertical
temperature profiles further reveal that fog stabilized the near-surface atmosphere, reducing the vertical temperature
gradient at noon from -0.56+0.12°C/m under non-foggy conditions to -0.24+0.03°C/m under foggy events.
Additionally, fog temporarily inhibits land-atmosphere interactions by diminishing incoming shortwave radiation. The
consequent suppression of surface heat flux forms a stable and uniform vertical structure. These findings highlight the
critical role of fog in modulating microclimatic spatiotemporal variation and underscore its broader implications for
understanding land-atmosphere coupling under changing land use and climate.
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Decoding Anthropogenic Influences on Tropical Pacific SST Patterns

Yen-Ting Hwang!, Hsiang-Chi Yeh!, Yong-Jhih Chen!, Po-Chin Wu!, Po-Ju Chen!:*, Hung-Yi
Tseng!, Yue Dong?, Shang-Ping Xie®, and Clara Deser*
Department of Atmospheric Sciences, National Taiwan University!
Atmospheric and Oceanic Sciences, UCLA?
Scripps Institution of Oceanography, UCSD?
National Center for Atmospheric Research*
Climate Dynamics Program, George Masen University®

The observed lack of surface warming in the southeastern and central equatorial Pacific stands in
sharp contrast to climate model projections, which consistently simulate an enhanced equatorial
warming pattern. A recent assessment suggests that the zonal sea surface temperature (SST)
gradient has historically been regulated by strengthening mechanisms but is projected to shift
toward dominance by weakening mechanisms in the future (Watanabe et al., 2024). A pressing
question therefore remains: When will the weakening of the equatorial zonal SST gradient emerge?

To address this question, I review recent work from my group and collaborators, focusing on the
fast and slow components of tropical Pacific SST pattern responses to anthropogenic aerosols,
stratospheric ozone, and greenhouse gases, diagnosed using idealized step-function experiments.
Across all forcings, the evolution of tropical Pacific SST patterns can be interpreted through three
distinct stages: (1) fast atmospheric circulation adjustments and their associated wind-driven ocean
responses; (2) mixed-layer temperature changes governed by surface air—sea heat fluxes; and (3)
gradual, density-driven ocean circulation adjustments.

Taken together, anthropogenically forced SST pattern responses exhibit distinct timescales and
complex variability, reflecting the interplay between rapid atmospheric adjustments and slow
oceanic reorganization. This framework highlights that the emergence of a weakened equatorial
zonal SST gradient is not a monotonic response to external forcing, but instead depends on the
relative timing and magnitude of competing fast and slow processes—an insight that has important
implications for interpreting near-term tropical Pacific trends and improving confidence in future
climate projections.

Key words: Walker Cell, SST patterns, anthropogenic climate change
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Assessment of Decadal Variability in East Asia and Its Impact on the Predictability

of Extreme Heatwaves and Cold Surges

Wan-Ling Tseng, Chieh-Ting Tsai, Yan-Lan Shen, Yi-Chi Wang

Abstract

Extreme temperature events, including summer heatwaves and winter cold
surges, pose significant risks to public health, agriculture, and energy systems across
East Asia. This study demonstrates that both types of extreme events exhibit decadal
predictability through well-established teleconnection mechanisms originating from
distinct climate modes.

For summer heatwaves, we identify the Pacific Meridional Mode (PMM) as a
prime driver of decadal temperature variability over Taiwan and East Asia. Analysis of
59 years of observational data (1960—-2018) reveals a significant correlation between
PMM indices and summer temperatures. During positive PMM phases, warm SST
anomalies in the eastern Pacific trigger cross-Pacific wave train propagation, inducing
anticyclonic circulation and subsidence over East Asia. This atmospheric stabilization
reduces monsoonal moisture transport while increasing surface shortwave radiation,
resulting in elevated summer temperatures. Linear baroclinic model experiments and
CMIP6 historical simulations confirm these physical mechanisms.

For winter cold surges, we establish the North Atlantic Oscillation (NAO) as a key
predictor of cold surge frequency in East Asia, including Korea, Japan, and Taiwan. The
dynamical mechanisms of wave propagation linking NAO to East Asian trough
development create cold-surge-favorable environments during winter. Leveraging the
skill of climate models in capturing NAO decadal variability, we develop a statistical-
dynamical hybrid framework combining decadal prediction datasets with statistical
regression models.

Our findings demonstrate that extreme temperature events in East Asia, both
heatwaves and cold surges, can be predicted on multi-annual to decadal timescales
when teleconnection mechanisms are properly characterized. This hybrid approach,
integrating numerical climate predictions with statistical downscaling, offers a
promising framework for regional extreme event prediction that overcomes climate
model biases at local scales, providing valuable climate information for adaptation

planning across East Asia.

Keywords: Decadal predictability; East Asia; Heatwaves; Cold surges; Pacific

Meridional Mode; North Atlantic Oscillation; Teleconnections; Climate variability
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Irreversibility of the Amazonian Hydrological Cycle under CO: Removal, Aerosol Forcing,
and Land Use Change
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The Amazon Basin is a critical component of the Earth system, where strong land-atmosphere
coupling makes regional hydroclimate highly sensitive to anthropogenic forcing. Here we assess
the reversibility of Amazonian hydroclimatic responses by combining idealized CO2 ramp-down
experiments with historical analyses of aerosol and land use impacts.

We anlyze the Community Earth System Model (CESM) simulations with a scenario in which
atmospheric CO: concentrations rise to 1,468 ppm and then decline along the same trajectory.
Despite symmetric forcing, the Amazon exhibits strongly non-linear and asymmetric responses.
During the late ramp-down phase, evapotranspiration increases sharply due to enhanced canopy
transpiration under warmer temperatures and increased shortwave radiation, while precipitation
continues to decline as circulation changes strengthen subsidence and elevated evaporative
demand accelerates soil moisture loss. These processes reduce plant water-use efficiency,
weaken ecosystem resilience, and promote persistent drying even as CO2 concentrations return to
baseline levels.

We further examine dry-season hydroclimatic trends from 1980 to 2014 using the CESM2 Large
Ensemble. Declining anthropogenic aerosol loading over the northern Atlantic warms the
Northern Hemisphere, establishes a meridional SST dipole, and shifts regional circulation
northward, enhancing subsidence over the Amazon. Concurrently, land use change weakens
evapotranspiration-driven moisture recycling, particularly in the southern Amazon, increasing
water stress and suppressing net primary productivity.

Together, these results demonstrate that Amazonian hydroclimate and ecosystem functioning can
exhibit lasting and potentially irreversible responses to both global and regional anthropogenic
forcings, with persistent risks to forest carbon sinks and the basin’s climate-regulating role even
under net-zero emissions pathways.
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Seasonal ITCZ Control on ENSO Responses to Extratropical
Volcanic Forcing
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Abstract

The response of El Nino Southern Oscillation (ENSO) to a strong volcanic eruption is determined by
several controls, included the spatial structure of the volcanic forcing. In the case of extratropical eruptions, a
mechanism contributing to post-eruption ENSO evolution involves the forced inter-hemispheric energy
imbalance and the associated displacement of the Intertropical Convergence Zone (ITCZ). In this study, using
100 members of diverse (in locations and magnitude) idealized volcanic forcing ensembles from the Max Planck
Institute Earth System Model (MPI-ESM1-2-LR), we find that the large (>= 10 Tg Sulfur) north and south
extra-tropical eruptions lead to strong El Nifio-like and weak La Nifia-like responses in the winter next year,
respectively, which can be attributed to the opposite displacement of summer ITCZ. Due to the seasonal
migration of ITCZ, the southward displacement responses to large north extra-tropical eruptions facilitates an El
Nifio development in summer with westerly anomalies in the equatorial Pacific, while the northward
displacement of south extra-tropical eruptions has a mixture of westerly and easterly anomalies, leading to a
weak La Nifa-like responses. Furthermore, when separating the 100 members based on initial ENSO states,
distinct ENSO responses are found and significant differences in ENSO tendency can be found even 5 years
after eruptions. This study stresses the importance of seasonal differences in ITCZ displacement when studying

extratropical forcing and contributes to explains the inconsistency of ENSO responses to past volcanic events.

Keyword: volcano impact, energy transport, climate dynamics, extratropical eruptions, ENSO, El Nifio
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Interdecadal variability of tropical cyclone activity over the western North Pacific and South China Sea
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Evolution of Atmospheric Energy Budget under Global Warming Linking
to the Changes of Walker Circulation

Abstract

The energy transport of the atmosphere is tightly coupled to atmospheric
circulation. As the CO2 concentration rises and global warming occurs, a variety of
climate feedbacks as well as anomalous ocean heat uptake act to modulate the net
energy input (NEI) of the atmosphere, perturbing the energy transport which
demands changes in atmospheric circulations. In this study, by analyzing the abrupt-
4xCO2 simulations of CMIP6, we investigate the evolution of the atmospheric energy
budget, particularly its spatial distribution, and connect the anomalies to the
responses of the Walker circulation. It is found that, in the first 2-3 decades after the
guadrupling of CO2 concentration, the anomalous NEI features a land-sea
contrasting pattern, with the dominating energy source of the atmosphere located
over lands. In addition to negligible surface flux changes over land compared to the
downward surface flux in oceanic regions, the more positive lapse rate and cloud
feedback over land also contribute to the larger NEI over land. The pattern of NEI
anomalies then evolves toward an ocean-dominating pattern, in which the NEI
anomalies over lands vanish and a strong energy source over the tropical Pacific

emerges, reflecting the El Nino-like warming pattern in the quasi-equilibrium stage.

The redistribution of energy source and sink of the atmosphere impacts the
atmospheric energy transport and, in turn, atmospheric circulation in the tropics.
Inspired by existing energetic theories that connect the anomalous atmospheric
energy transport and adjustments of tropical circulations, we investigate the
relationship between the redistribution of energy and the responses of Walker
circulation. The changes of Walker circulation are highly correlated to the relative
strength of the energy source in the Afro-Eurasia and equatorial Eastern Pacific. An
energetic decomposition analysis suggests the model-mean Walker circulation
strengthens due to the land-sea contrast of NEI in the initial warming stage; the
uncertainty among climate models, on the other hand, is determined by the NEI
anomalies in the Pacific, which may be associated with the strength of ocean
dynamical thermostat as suggested by previous studies. As time evolves, the energy
source in the equatorial Eastern Pacific becomes dominant and the Walker

circulation weakens.
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Tropical Cooling in Recent Decades: Contrasting Northern and Southern
Extratropical Influence

Hung-Yi Tseng, Yen-Ting Hwang
Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

Growing evidence highlights the critical role of extratropical influences in
shaping tropical sea surface temperature patterns. One proposed explanation for
coupled climate models’ failure to reproduce the observed cooling trends over the
Southeast and equatorial Pacific is their underestimation of teleconnections from the
Southern Ocean—a bias partly linked to persistent double-ITCZ and low-cloud errors.

Here, we use a set of idealized simulations to assess the relative importance of
Northern versus Southern Hemisphere influences on the tropics, showing that this
influence depends on timescale. Using the fully coupled climate model CESM1, we
apply radiative forcings separately in the extratropics of each hemisphere. In the
initial years, heating the northern extratropics cools the equatorial Pacific more
effectively than equivalent southern cooling. This occurs because anomalous northern
warming can reach the equator only from the west, due to the northward-displaced
climatological tropical rainband, thereby triggering equatorial Bjerknes feedback
more efficiently. On multi-decadal timescales, all experiments produce equatorial
responses matching the sign of the imposed forcing. Notably, southern extratropical
perturbations generate stronger subtropical cell and equatorial SST responses,
indicating that the Southern Hemisphere exerts significant long-term control over the
tropical Pacific.

Building on these mechanistic findings, we compare observational records with
CMIP6 historical simulations over recent decades. The results highlight a timescale-
dependent shift from Northern to Southern Hemisphere dominance in shaping tropical
Pacific SST trends, helping to reconcile model-observation discrepancies and offering
a pathway toward improved historical attribution and future projections.
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Interdecadal Variation of Spring Rainfall in Taiwan and Modulations
of Global Warming and Pacific Decadal Oscillation
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ABSTRACT

Spring rainfall in Taiwan during February—April (FMA) shows a profound
decreasing trend in the period 1980-2022. This decreasing trend is found to be jointly
modulated by the trend components of global warming and interdecadal evolutions of
the Pacific Decadal Oscillation (PDO) from its positive to negative phase over the
past four decades. In contrast, interdecadal oscillation components of the PDO weakly
impact interdecadal decreases in Taiwan's spring rainfall. Both global warming and
interdecadal PDO variability cause moderate warming in the tropical western North
Pacific and strong warming over the northern North Pacific. The former causes height
fields over the tropical western Pacific to shift northward to result in an anomalous
cyclone in association with the weakening of the subtropical high to the south of
Taiwan. This anomalous cyclone is also affected by a Matsuno-Gill-type response to
sea surface temperature warming and an anomalous convergent centre over the
tropical western Pacific around 150° E. In the northern North Pacific, strong SST
warming displaces height fields northward to make an anomalous anticyclone via the
weakening of the Aleutian Low. Taiwan is meridionally embedded by the above
anomalous cyclone and anticyclone. This circulation pair induces anomalous easterly
moisture flux to pass over Taiwan, which then turns southward into the South China
Sea. Moisture transport from the tropical region toward Taiwan is suppressed,

resulting in an evident decrease in spring rainfall.
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Suppression of marine heatwave activity by tropical cyclone-induced

upper ocean cooling
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Abstract

Marine heatwaves (MHWs) have drawn substantial scientific attention due to their profound
biological and economic impacts, especially in the context of climate change. This study highlights the
crucial role of tropical cyclones (TCs) in disrupting MHWSs by altering ocean temperatures. As
demonstrated by Tropical Cyclone Bavi, intense sea surface temperature (SST) cooling, reaching up to
7°C, immediately terminated a mature MHW and suppressed subsequent MHW development for up to
eight months. More generally, based on post-TC MHW cases (reoccurring within one month) during
2014-2023, we discovered that MHW disruption duration is proportional to the magnitude of TC-
induced SST cooling, approximately 5-7 days per degree of cooling. At a broader scale, a 20-year
(2004-2023) analysis revealed 99% significant inverse relationships between seasonal MHW and TC
activity. These findings suggest that TCs can act as natural regulators, effectively mitigating heat stress

from MHWs and potentially serving as a lifeline for marine ecosystems.

C30



AR AMKSFRVI-FEPFANRAE LR EARE L
whae' s zda g @ mr g’ Has

AT RRRESEIT Y
TR B AR
BN ¥ SR s S
AR A BU BB TEAFTRE &

&
B SENEYF B REHREERF GERINTN S R
R 7@%%%§F*i%ﬁoi%aﬁmmpiiégianw

)\_
—n\-
2l

Jﬁ
! Zl
Eﬁﬁ*w

m%g& BAFT OB AERAL: 1. B85 - S AR B RE 2, n o
CERFEREF R BRI E CMIPT 3. BEE AL 2 A § i
DI F FHRSE R 4 EREHRAL NS5 F ERBERIT R LB

F/FBEEZZRIEEFET Y 'W?ﬂﬁﬁzﬁ§ﬁ%%ia’%ﬁﬂéﬁ
EFRhi GHAFEME Hy R BB ERERGEN 4 ) AEFAIT G 0 B
B ATENF i Sl e RO R 2 SR TR DATY R ap A
x:i@*%ﬁwﬁz«w% ?%%E THE R ER AP F i FEFY
iR RAR R 4 ARER AR S e 0 BLE R ORY
& o T;UfH\ P AUF ERBFTH 0 7L S%IE [PCC-ART cft & A&
LR tEP o RKEIRELL
e f GEANMEST B F FRBHAG > TR TR 2R SR ET
=

%‘%%%ﬁﬁﬁ@?:&ﬁgwﬁm%gaﬁ@%u7p&uﬁﬁﬁi?h
. 2 »

C31



The Relationship Between ENSO and the Annual Cycle of the East Asian and
Western Pacific Monsoon Revealed by a Low-Level Circulation Weather-Type

Calendar

Yin-Min Cho', Mong-Ming Lu?, Jia-Yuh Yu!
'Department of Atmospheric Sciences, National Central University

Department of Atmospheric Sciences, National Taiwan University

The monsoon systems over the Asian—western North Pacific (AWP) region influence the
livelihoods of more than one-third of the world’s population. Using a K-means cluster analysis, daily
850-hPa wind data over the AWP monsoon region for a 46-year period (1979-2024) are classified
into nine low-level circulation weather types (WTs). Based on the occurrence frequencies of these
WTs, two distinct progression patterns from boreal summer to winter are identified.

A strong East Asian summer monsoon (EASM) corresponds to more frequent occurrences of WT
featuring low-level anticyclonic circulation over the western North Pacific, while a strong East Asian
winter monsoon (EAWM) corresponds to more frequent occurrences of WTs characterized by low-
level northerly winds over the South China Sea and the Philippine Sea. The variability of EASM and
EAWM is synchronized during the developing phase of ENSO events. The strong-to-strong pattern,
characterized by a strong East Asian summer monsoon (EASM) followed by a strong East Asian
winter monsoon (EAWM)), is associated with developing La Nifia events. In contrast, the weak-to-
weak pattern, in which a weak EASM is followed by a weak EAWM, is linked to developing El Nifio
events. No clear relationship is found between anomalous EASM conditions and the preceding
EAWM.

Observational evidence from this study suggests that low-level wind anomalies over the South
China Sea and the Philippine Sea during the peak summer period from mid-July to August serve as a
precursor, indicating favorable conditions for subsequent air—sea coupling processes over the AWP
monsoon region that are crucial for ENSO development. These findings have important implications

for the evaluation and improvement of subseasonal-to-seasonal forecast models.
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Can a Single Sounding Predict the Weather? An AI Downscaling
Framework for Local-Circulation-Dominated Flow over Taiwan’s
Complex Topography

Men-Ken Hsieh, Fucent Hsuan Wei Hsu, and Chien-Ming Wu

National Taiwan University, Taipei, Taiwan

Abstract

Typical Al downscaling models ingest large datasets, obscuring physical insight and
straining computational resources. A key innovation of this study is the use of compact,
physically grounded inputs. Instead of relying on high-dimensional meteorological
fields, the model is driven by a single upstream sounding—a 32-element vector
representing the vertical wind profile from the surface to the mid-level troposphere—
along with time-of-day information. This design choice is rooted in insights from
kilometer-scale ensemble simulations using the TaiwanVVM cloud-resolving model,
which demonstrate that synoptic wind structure at multiple heights contains sufficient
information to drive the diversity of local circulation evolutions over complex terrain.
We show that Al models can be trained to reconstruct 2 km-resolution near-surface
winds of Taiwan from a single upstream sounding. Jacobian-based sensitivity analysis
quantifies the influence of each sounding element, showing that the model primarily
depends on wind speed near 560 m, lower-level wind direction, and time of day when
estimating winds at 100 m, confirming physically consistent learning. The lean input
also enables a transformer-based architecture, which further reduces MSE and
improves generalization, especially in rugged mountain valleys. These results
demonstrate that compact, physically grounded inputs yield interpretable Al

downscaling.
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Spatiotemporal Characteristics and Long-Term Changes of Extreme

Rainfall Events in Taiwan

Kuan-Chieh Chen ?, Chi-Cherng Hong **, Chi-Chun Chang ?, and Cheng-Ta Chen °
2 Department of Earth and Life Sciences, University of Taipei, Taipei, Taiwan

b Department of Earth Sciences, National Taiwan Normal University, Taipei, Taiwan

Abstract

Extreme rainfall events (EREs, > 80 mm day') in Taiwan were examined for their spatiotemporal
characteristics from 1960 to 2022 using an event-based tracking method. Climatologically, Taiwan experiences
approximately 11 EREs annually, with the highest frequency and magnitude occurring during the tropical cyclone
(TC) season (July—October, 56%), followed by the early summer season (May—June, 33%). Spatially, EREs
exhibit a west-to-east migration from spring to winter, corresponding to the monsoonal transition, with higher-
magnitude events predominantly concentrated in the central and southern mountainous regions.

EREs demonstrate significant variability on both interannual and secular timescales. Their interannual
frequency is strongly modulated by ENSO-related sea surface temperature anomalies. During the summer of El
Nifio developing years, an anomalous cyclonic circulation triggered by El Nifio in the western North Pacific
intensifies the monsoon flow and increases the frequency of landfalling TCs, leading to more frequent EREs. In
contrast, the subsequent anticyclonic circulation anomaly in autumn suppresses ERE occurrence, with this
reduction persisting into the summer of the following decaying years. The long-term variation of EREs exhibits a
significant upward trend in both frequency and intensity. This enhancement is largely attributed to a deceleration
in TC translation speeds at landfall and a higher proportion of westward-tracking storms making landfall in central

Taiwan. Additionally, intensified TC-related ascent has partially contributed to this trend.

Keywords: extreme rainfall event; interannual variation; long-term trend; ENSO; monsoon flow; tropical cyclone
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Variability of East Asian summer monsoon in the last five centuries: model-data
comparison
Elaine KH Lin', Wan-Ling Tseng?, Jen-Ing Lee', Cheng-Wei Lin®, Qiong Zhang*

! Graduate Institute of Sustainability Management and Environmental Education, National Taiwan
Normal University
Z|nstitute of Sustainable Development and Climate Policy, National Tsing Hua University

3Research Center for Enviroonmental Changes, Academia Sinica
4Stockholm University

The East Asian summer monsoon (EASM) is a distinctive component of the Asian climate system due
to orographic forcing. Unlike Indian summer monsoon which occurs within the South Asian monsoon
trough and presents a uniformity of rainfall distribution allowing for an All Indian Rainfall index to
measure its variability, the definition of the EASM intensity has been much more complicated. One of
the main reasons is the extensive domain of the EASM encompassing tropics, subtropics and
midlatitudes and thus the complex space and time structures making it difficult to quantify the EASM
variability. Despite the challenges, studying the evolution of EASM over hundreds or thousands of
years is essential to build a comprehensive understanding on the monsoon behaviors and their
associations with the general circulations. Many previous studies used geochemical proxy records
from oceanic sedimentary or continental archives to build paleo-EASM indices. And most of the
reconstruction was made by rainfall information retrieved from the records at certain sites, owing
limited spatial coverage and restricted explanatory power for the overall EASM.

In this study, we present a novel approach to reconstruct a paleo-EASM index. First, the present
Western North Pacific monsoon index approach (Wang et al. 2008, in Journal of the Climate) was used
to calculate the wind fields (zonal and meridional winds at 850hPA) from 1950 to 2020 using ERAS
data and rainfall data from NOAA Precipitation Reconstruction over Land to construct the modern
EASM index and to investigate the relationships between rainfall and circulation anomalies. Then, the
EASM rainfall pattern was projected to the gridded REACHES (Reconstructing East Asian Climate
Historical Encoded Series) (Wang et al., 20018 in Scientific Data) historical climate index data so that a
reconstructed REACHES EASM index can be derived considering both temporal and spatial variability.
The index was then compared with other indices for justification. Importantly, the REACHES EASM
index reveals multidecadal and centennial variabilities during Little Ice Age, and a significant turn of
domination of Indian monsoon to East Asian monsoon into the 18" century, corresponding to
previously well-documented decline of extreme events and warmer temperature in the century.
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Evaluating the Impact of Global Warming on Tropical
Cyclone Genesis in the Western North Pacific: A
Comparative Study of Tropical Cyclone Genesis

Indices Using CMIP6 Models
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Phenomena and Processes: A New MJO Diagnostic Framework
using Moisture Mode Theory as the Testbed

Kai-Chih Tseng', Chun-Hao Chang', Eric D. Maloney?

!Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

’Department of Atmospheric Science, Colorado State University, Fort Collins, Colorado,
United States

Abstract

A unified diagnostic framework is proposed to bridge theoretical, phenomenological, and process-oriented
approaches for investigating the Madden-Julian Oscillation (MJO). Building upon a physical theory
(moisture mode theory in this study) and linear inverse modeling, the framework links the statistical
behavior of observable indices to the underlying physical processes governing column moisture evolution.
Applied to the MJO in ERAS5 reanalysis and 15 CMIP6 models, the framework reveals that most models
simulate an MJO that propagates too slowly eastward across the basins, and decays too rapidly, especially
over the Maritime Continent. By projecting model biases in column-integrated water vapor-based MJO
indices onto individual terms of the moisture budget, we diagnose the physical origins of their errors.
Systematic biases are primarily tied to misrepresented meridional moisture advection and compensat-
ing errors between vertical moisture transport and convective drying, while their relative importance
varies across basins. This process-resolved perspective explains the inter-model diversity in MJO simu-
lations and provides a physically interpretable bridge between dynamical theory, model evaluation, and
observational constraints—offering a transferable framework for diagnosing variability in other climate
phenomena.

Keywords: Madden-Julian Oscillation, Phenomenological Diagnostic, Process-oriented Diagnostic, Mois-
ture Mode, Linear Inverse Modeling
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The application of observed and retrieved meteorological variables from
radar/lidar data to improve short-term QPF on rainy days and to study
PBL under clear-air conditions
Yu-Chieng Liou
Department of Atmospheric Sciences, National Central University, Taoyuan, Taiwan

ABSTRACT

This presentation contains two parts. In the first part, by using Doppler weather
radar observations, a multiple-Doppler radar wind synthesis technique (WISSDOM),
and a thermodynamic retrieval method (TPTRS), one can retrieve the 3-D wind,
pressure, temperature, rainwater mixing ratio, and moisture over complex terrain. The
retrieved meteorological variables are utilized to re-initialize a high-resolution
numerical model. It is found that through this procedure, the quantitative precipitation
forecast (QPF) skill over mountainous areas can be significantly improved up to six
hours. The moisture field plays a crucial role in producing the correct rainfall forecast.
A combination of various rainfall scenarios forecasted by different microphysical
schemes is suggested in order to provide a stable and reliable rainfall forecast. In the
proposed approach, radar data from only two radar volume scans are sufficient to
shorten the model spin-up time, and efficiently improve the rainfall forecasts.

In the second part of the presentation, by using scanning Doppler wind lidar
observations, WISSDOM and TPTRS are applied to provide high-resolution 3-D wind
and thermodynamic fields in a clear-air PBL. In one field experiment held in a rural
area, the major features of a PBL, including land-sea breeze, nocturnal low-level jet,
the diurnal cycle in the temperature field, and a semi-diurnal cycle in the pressure field,
can be accurately captured. In the second field experiment held in an airport, the regions
of low-level wind shear can be identified within a three-dimensional space. Such
synthesis methods can be executed in a round-the-clock manner with minimal human
effort. The high-quality data sets could be applied for various purposes, such as the
study of boundary layer development, initiation of afternoon thunderstorms, air
pollutant dispersion, numerical model verification, and real-time monitoring of aviation

safety in airports.
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Analysis and forecast of typhoon Chanthu (2021) using an ensemble radar data

assimilation system: Investigation on Factors leading to Rapid Intensification

Kuan-Jen Lin?, Shu-Chih Yang#®, and Yi-Pin Chang®
2 Global Atmospheric Observation and Data Application Research Center, National Central University

® Department of Atmospheric Sciences, National Central University, Taoyuan, Taiwan

Abstract

This study assimilates the ground-based radar observation for analysis and forecast of typhoon
Chanthu (2021) using the WRF-local ensemble transform Kalman filter radar assimilation system
(WLRAS). To explore the optimal configuration, the radar data assimilation (DA) experiments are
conducted with various setups including different model horizontal resolutions and DA frequencies.
The impact of these setups on the analysis and prediction of Chanthu is examined.

According to an observational study by Fang et al. (2024), Chanthu experienced rapid
intensification (RI1) during its northward movement off the east coast of Taiwan. They identified
several factors influencing Chanthu's RI, including TC-terrain interaction and vertical wind shear.
The RI feature of Chanthu is successfully captured by the forecast initialized from the WLRAS
analysis, demonstrating the high capability of the RDA system. However, the RI behaviors vary with
different experiment configurations. Therefore, these DA experiments are analyzed and compared

with radar observations to jointly validate the factors contributing to Chanthu's RI.

Key words: radar data assimilation, tropical cyclone prediction, rapid-intensification
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Characterizing Rapid Intensification in Tropical Cyclones: A

Multi-method Approach
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Abstract

Rapid intensification (RI) of tropical cyclones (TCs) presents complex characteristics, posing
significant challenges for accurate forecasting. The current RI definition is based on approximately the
95th percentile of overwater intensity changes in the National Hurricane Center (NHC) best-track
database for the Atlantic and eastern North Pacific basins during 1995-2012, evaluated at 12-, 24-, 36-,
and 48-hour lead times. This study investigates the deterministic differences in TC structure between RI
and non-RI TCs, using varying RI definitions, with data from the International Best Track Archive for
Climate Stewardship (IBTrACS) in the western North Pacific from 1959 to 2022. Composite analysis
was conducted using azimuthal averages of equivalent potential temperature, potential vorticity, and
vertical velocity from ECMWF Reanalysis v5 (ERAS) data to identify optimal RI thresholds, focusing
on inner-core and upper-level structures that drive RI through mechanisms such as convective bursts,

warm core formation, and outflow interactions.

Under the 95th percentile definition, the RI threshold has risen markedly in recent decades to
42.5 kt/24h, versus 35 kt/24h reported by Lee et al. (2016), signaling intensified TC strength during RI.
To evaluate the RI index, three machine learning models, Random Forest (RF), Support Vector
Regression (SVR), and Artificial Neural Networks (ANN), assessed the RI index on refined 2013-2022
data, based on a continuous intensification rate (IR) metric scaled to 0—10, where the RI index is
computed as the mean accessed value from each model for combinations of wind speed thresholds and
time intervals. These models yielded consistent heatmaps with peaks in mid-to-high thresholds (6575

kt over 24-36 h), indicating robust performance and reduced algorithm-specific bias.

Extending to forecasting (1981-2022, RI onset focus), RF and SVR showed strong predictive
skill linking higher indices to greater probabilities of subsequent TC intensity increases, though ANN
exhibited biases, likely due to its greater sensitivity to reduced training data volume. These approaches

offer a robust, continuous RI metric to advance forecasting by merging statistical and physical insights.
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Statistical Analysis of the Lagrangian Evolution of the Convective
Precipitation Dual-Polarimetric Radar Variables over Northern
Taiwan

Wei-Yu Chang Lien-Hsiang Chin

Abstract

Short-duration, intense precipitation from afternoon thunderstorms in summer often causes
disasters. The early warning of these rapidly developing convective systems remains challenging. This
study uses dual-polarimetric measurements (DPMs) to investigate the microphysical characteristics of
convective cells at different stages of development (developing, maturing, and dissipating). The
afternoon thunderstorm events from the Taiwan-Area Heavy Rain Observation and Prediction
Experiment (TAHOPE) were employed and analyzed using the Storm Motion Analysis by Radar
Tracking (SMART). Intensive convective systems were identified with a reflectivity threshold of 40
dBZ and a minimum area of 10 km?. The temporal evolution of the convection was investigated their
DPM fraction (Zpr > 1.5 dB, Kpp > 0.5 °%km™!). At the early developmental stage, the Zpr-fraction
exhibits high values at mid-levels, then gradually decreases as precipitation transitions to the mature
stage and dissipates. The Kpp-fraction remains relatively low in the initial phase, and subsequently
increases at mid-to-upper levels before the mature stage. During the mature stage, the Kpp-fraction
exhibits high values at lower to mid-levels and then significantly weakens during dissipation. The
evolution of Zpr- and Kpp-fractions indicates the microphysical process of large raindrops being
carried aloft by updrafts, with high liquid water content at mid-level; subsequently, the raindrops
descend to the surface during the dissipating stage. The statistical analysis indicates that significant
vertically Integrated liquid (VIL) maxima correspond to more pronounced changes in Zpr- and Kpp-
fractions. In particular, the Zpr-fraction shows significantly higher values and fractions at the onset of
the developing stage, suggesting that this feature may serve as an early warning indicator of intensive

convection driven by thermal forcing.
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Effective Integration of Large Eddy Simulations and Observations to Study the Organization of
Afternoon Thunderstorms Over Complex Island Topography

F4EfE (Wei-Ting Chen)
Department of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan

Abstract

This four-year project develops an integrated scientific strategy as a key pathway to advance the physical
understanding of afternoon convection over complex island topography and, in turn, to improve its prediction
and climate-change projections. Instead of treating observations, high-resolution modeling, and data-driven
approaches as separate efforts, we combine large-eddy simulations (LES) with realistic and idealized terrain,
multi-sensor observations and field campaigns, and physics-explanable machine-learning (ML) models into a
single, synergistic framework. Most previous studies isolate either local circulations under weak synoptic
forcing or strongly forced events, and there is a lack of unified quantitative framework linking boundary-layer
energetics, low-level vorticity dynamics, background moisture—flow regimes, and anthropogenic forcing.
Using the Chiayi—Tainan Plain to Alishan (CTPA) region as a natural laboratory, this project addresses these
gaps under two working hypotheses: WH1 — Mountain convection is energetically controlled, with the first
diurnal rainfall peak set by local morning CAPE and the second by upslope moist static energy (MSE) transport;
and WH2 — Plain convection is governed by the low-level vorticity balance among sea-breeze vertical shear,
cold pools, and terrain-modified flows. Methodologically, the project couples four main components: (1)
Multi-year analyses of ERAS reanalysis, soundings, surface rain gauges, and satellite data classify upstream
integrated vapor transport regimes and relate them to the spatial and diurnal organization of rainfall over
Taiwan. These statistics define an observationally constrained parameter space that guides LES experiment
design. (2) TaiwanVVM LES with realistic Taiwan topography are performed for representative historical
cases, sensitivity experiments, and anthropogenic scenarios (pseudo—global warming, aerosol reduction, and
coastal land-use change). Dedicated diagnostic tools—a tracer-based MSE transport scheme (for WH1) and a
cold-pool tracking and vorticity—circulation diagnostic (for WH2)—quantify how energy and momentum
pathways respond to environmental and forcing changes. (3) Targeted field campaigns along the CTPA transect
deploy dense surface WXT networks, UAV-borne and balloon-borne Storm Tracker sondes, and ground-based
remote sensing to capture the evolution of boundary-layer energetics, sea-breeze penetration, and cold-pool
propagation, after the establishment of standardized procedures for ground check and quality control among
sensors across various platforms. Case selection, deployment strategy, and Intensive Observation Day
decisions are iteratively guided by TaiwanVVM output and a two-stage ML model trained on the LES
ensembles. (4) Idealized island LES systematically vary background winds, stability, moisture, and terrain
geometry to derive scaling relationships between boundary-layer energetics, circulation scales, and convective
organization, and to generalize Taiwan’s results to other tropical and monsoon islands. Expected outcomes of
this project include a process-level, transferable framework for organized afternoon convection over complex
island topography, physically consistent diagnostics and ML-ready predicting tools, and improved scientific

assessments for the impacts of anthropogenic activity on organized afternoon convection in future climates.

Keywords: Diurnal Convection, Field Observations, Large-Eddy Simulation, Boundary-Layer Energetics,
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Bright Band Statistics and Correction of Vertical Reflectivity Profiles

Using Polarimetric Radar
Ju-Yu Chen, Wei-Yu Chang, Jui Le Loh

Department of Military Meteorology, Air Force Institute of Technology, Taiwan
Department of Atmospheric Sciences, National Central University, Taiwan
DESR/CNRM/CEMS/NUAGES, Météo-France, France
Abstract

In the context of monitoring the snow-to-rain transition within the melting layer (ML) of a typical stratiform cloud,
the reflectivity field (Z) often exhibits artificial enhancements known as the bright-band (BB). Beyond the BB, Z
often decreases rapidly with range due to beam-broadening effects and the weak backscattering from snowflakes
and ice crystals. In contrast, the presence of mixed-phase hydrometeors within the ML leads to a marked reduction
in the cross-correlation coefficient (puv). The radial profile of pny is found to correlate well with that of Z within
the ML, and provides more reliable BB discrimination than Z alone. Consequently, a polarimetric vertical profile
of reflectivity (PVPR) correction method is proposed to reconstruct intrinsic Z profiles from observed phv
signatures, thereby mitigating biases and improving the accuracy of quantitative precipitation estimation (QPE).
Initial applications of this approach to German C-band radar data have yielded encouraging results. However,
further refinement is required to accommodate Taiwan’s distinct climatological conditions, particularly during
wintertime, when shallow convection is frequently embedded within stratiform precipitation and complicates BB
detection and correction. To address these challenges, BB characteristics derived from the RCWF radar in northern
Taiwan are statistically analyzed and parameterized. The resulting models are used to simulate observed Z profiles
and to adapt the PVPR correction framework for regional application. These efforts aim to enhance BB correction
performance and improve radar-based QPE in complex precipitation regimes.

Keyword: bright band, vertical profile of reflectivity, polarimetric radar, quantitative precipitation estimation

(QPE)
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The Role of Moist Absolutely Unstable Layer (MAUL) in Orographic
Precipitation: Result from TAHOPE IOP 2
Ming-Jen Yang'#, Jyong-En Miao!, Kristen Rasmussen?, and Michael Bell?
INational Taiwan University, Taiwan

2Colorado State University, USA

#: Corresponding author: mingjenyang@ntu.edu.tw

Abstract

Terrain plays a significant role in modulating the diurnal cycle of moist
convection and rainfall. During the warm season, mountainous regions exhibit
pronounced day-night variations in convective activity and precipitation due to
orographic lifting. Beyond the mechanical aspects of orographic lifting, these motions
can destabilize the atmosphere by lifting moist and conditionally unstable air to
saturation (Kirshbaum et al. 2018). This process can result in the formation of moist
absolutely unstable layers (MAULSs; Bryan & Fritsch 2000), where the lapse rate of a
saturated layer exceeds the moist adiabatic lapse rate. Bryan and Fritsch (2000) and
Mechem et al. (2002) first highlighted MAULs within MCSs over the midlatitude
United States and the tropical western Pacific, respectively. In both studies, MAULs
extended horizontally for hundreds of kilometers along the axis of MCSs and
vertically up to ~100 mb, primarily formed by mesoscale lifting induced by cold
pools. Although there is increasing recognition of MAUL as a critical factor in
extreme precipitation, no prior studies have examined its occurrence in Taiwan’s
heavy rainfall events. This knowledge gap is particularly surprising given Taiwan’s
humid subtropical environment, which is often conducive to deep convection. This
study seeks to address this gap by investigating whether complex terrain can induce
MAUL formation and subsequently enhance extreme orographic rainfall during the
TAHOPE/PRECIP IOP 2. The main objective is to identify the physical processes
through which terrain contributes to MAUL development. In addition, the relationship

between MAUL and heavy rainfall will be explored.

Using high-resolution WRF simulations with the control (CNTL) run with full terrain
and the sensitivity tun without Taiwan terrain (NTER) in this study, we will show that

Taiwan topography plays a critical role in enhancing moisture flux convergence
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(MFC) and supporting the formation of deep in TAHOPE IOP 2, persistent MAULs
that precede intense precipitation. The key physical processes are summarized in

Figure 1 below.

Height (m)

Layer lifting mode

MAUL (36,./3z < 0
and RH > 99%)

%/

/

Figure 1. Conceptual 3D visualization of the physical processes leading to MAUL formation and
extreme orographic rainfall in CNTL. Arrows illustrate the interaction of wake flow and sea breeze
enhancing moisture flux convergence, with orographic lifting forcing layer lifting of inflow. The layer
lifting mode supports the development of MAULSs (defined by d6./dz < 0 and RH > 99%) and intense
convection. Descending low-6. air intrudes from the southeast, possibly maintaining the low-level

convergence. Trajectories are colored by altitude to illustrate the vertical extent of updrafts.

When the southwesterly monsoon is blocked by Taiwan’s topography, enhanced
MFC develops in the wake region. The interaction among wake flow, sea breeze, and
upslope flow transports abundant moisture from the ocean toward the mountain slope,
a process shown to be critical for mountain flooding. The sustained upslope lifting in
CNTL leads to the development of deep MAULs extending from near the surface up
to ~5 km altitude. Trajectory analysis reveals that these MAULs are associated with

coherent layer lifting, in contrast to the shallower MAULs in NTER, where ascent is



parcel-based and limited. These terrain-induced MAULSs create a favorable
thermodynamic environment for convection development. Moreover, our results
suggest a consistent relationship between MAUL volume and subsequent hourly
rainfall. When MAUL volume exceeds 2000 km? (3000 km?), the following hour’s
peak rainfall often surpasses 40 mm (80 mm). While the timing of MAUL and rainfall
peaks may differ, this threshold-like relationship highlights the diagnostic potential of
MAUL volume as a precursor to extreme precipitation events. Thus, this suggests that
terrain-enhanced moistening plays a critical role in preconditioning the environment
for MAUL development and subsequent extreme rainfall. More details will be given

at the presentation of the conference.
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Improving the performance of the multiscale WRF-radar ensemble data assimilation system with
the multiscale dependent inflation

Shu-Chih Yang, Jhing-Yueh Liu, Jhe-Hui Lin and Kuan-Jen Lin

A multiscale radar ensemble assimilation framework has been established by applying the successive
covariance localization (SCL) to the WRF-radar LETKF assimilation system (WLRAS). WLRAS-
SCL has proven beneficial in representing convection development associated with the meiyu fronts
and improving short-term rainfall prediction involving multiscale interactions. However, the issue of
under-dispersive small-scale spread can limit the effectiveness of SCL in assimilating dense
observations when radar assimilation is conducted with a long cycling period. To overcome such a
deficiency, we propose a scale-dependent inflation (SDI) to enlarge the ensemble spread at different
scales. The SDI method is developed based on the discrete wavelet transform.

We conducted radar assimilation experiments for the heavy rainfall events on 19 August 2019 with
active convection spanning several hours in northern Taiwan under the influence of a front north of
Taiwan and a tropical depression southeast of Taiwan. The environmental flow and multiscale features
affect the initialization and development of the convection in the Taipei Basin. While the WLRAS-SCL
successfully improves the intensity of heavy rainfall, the use of SDI provides small-scale wind
correction and thus further enhances the orientation and location of the heavy rain in the 3-hour
forecast. The sensitivity experiments confirm that perturbing the small-scale dynamical variables
improves the rainfall forecast skill more effectively than the small-scale thermodynamic variables. The
SDI analysis will be used to construct the mechanisms for initializing and developing the long-hour
convection development on 19 August 2019.
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Formative Mechanisms of Offshore Convective Systems during an Aircraft

Crash (FEEERIS R BEEM RS B AR BRRFIERET)

Che-Yu Lin (#£#715) and Cheng-Ku Yu GiEER)

Department of Atmospheric Sciences, National Taiwan University (7728 K2 KRR £)

Abstract

Under rapidly evolving synoptic flow, coastal precipitation systems influenced by complex terrain present
significant forecasting challenges and operational hazards to aviation and military activities, and their formative
mechanisms remain insufficiently understood. This study used Doppler radar data, surface observations, and
reanalysis data to document the formation of two offshore convective lines (i.e., Taiwan rainbands; TRs) and to
examine the connection between one of them and an aviation accident. The two TRs exhibited distinct formative
mechanisms and occurred at different offshore distances owing to a transition of the large-scale prevailing winds
from east-northeasterly to more easterly flow. Low-level convergence produced by orographic blocking alone, as
well as by the combined effects of orographic blocking and thermally driven offshore flow, was responsible for
the formation of the two TRs. Notably, one TR coincided temporally and spatially with an aircraft accident. These
results reveal the complexity of offshore convection formation and suggest that heavy rainfall associated with TRs

may result in hazardous weather conditions for aviation safety and military activities.

keywords : orographic precipitation (}#fZ[#%-K), Taiwan rainband (Z&7R7), aviation accident (Féf#L=E),
Doppler radar (& I8 E)
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English Abstract

An extreme Mei-yu rainfall event occurred on 2 June 2017 along the northern coast of Taiwan, where a peak amount of
635 mm fell in about 10 hours from 0100-1100 LST. Using ensemble-based sensivity analysis, an earlier study (Wang et al.,
2021) showed that the areal-averaged rainfall in the wider region surrounding northern Taiwan in this event was influenced by
frontal moving speed, frontal intensity (contrast), and location and timing of frontal disturbance in experiments using grid sizes
of 2.5-5 km, but peak amounts in such runs were no more than 360 mm, suggesting low predictivity for its occurrence. Using
1-km grid size, predictions in a later study (Wang et al., 2023), on the other hand, showed that a peak amount of up to 541 mm
can be achieved with a finer grid, but the detailed rainfall pattern and maximum amount are strongly dictated by the presence of
a frontal low-pressure disturbance that affected the location and persistence of the surface convergence zone, thus again
suggesting high nonlinearity and low predictability. However, in some initial times about 2.5-3 days before the event, the
evolutions were more favorable for larger and more concentrated rainfall.

In this study, the above extreme rainfall event is further examined, using ensemble forecasts both at 1 km and larger grid
sizes, including the experiments carried out in the Taiwan Area Heavy-rainfall Prediction Experiment (TAHPEX). Special
attention is given on the predictability of this extreme event and the strategy to produce useful results more effectively with
longer lead times for early warning and preparation.

Keywords: Extreme rainfall; Mei-yu season; predictability; cloud-resolving model.
References
Wang, C.-C., M.-S. Li, C.-S. Chang, P.-Y. Chuang, S.-H. Chen, and K. Tsuboki, 2021: Ensemble-based sensitivity

analysis and predictability of an extreme rainfall event over northern Taiwan in the Mei-yu Season: The 2
June 2017 Case. Atmos. Res., 259, 105684, https://doi.org/10.1016/j.atmosres.2021.105684.
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Characteristics of Disaster-Causing Heavy Rainfall
in Taipei City and Implications for Urban Disaster Response

Chi-June Jung?, Ben Jong-Dao Jou'?, Jing-Ting Wang?®, Wen-Bin Hung®, Mon-Liang Jiang®

L Center for Weather Climate and Disaster Research (WCDR), National Taiwan University, Taiwan
2 Department of Atmospheric Sciences, National Taiwan University, Taiwan
8 Taipei City Fire Department, Taiwan

Abstract

Short-duration intense rainfall produced by severe convective storms is one of the most critical
weather hazards in Taipei City, a densely populated metropolitan area surrounded by complex terrain.
Under climate change, both historical observations and future high-emission scenarios indicate
increasing rainfall intensity, leading to a growing risk of urban flooding and other weather-related
disasters. Understanding the characteristics of disaster-causing heavy rainfall and its radar-observed
features is therefore essential for improving early warning and emergency response.

This study investigates the temporal evolution, intensity thresholds, and radar signatures of heavy
rainfall events associated with severe convection in Taipei City using long-term rain gauge observations,
weather radar data, and disaster records. Event-based analyses show that rainfall intensification can
occur rapidly through the merging of convective cells. A representative thunderstorm case in the Taipei
Basin demonstrates that such cell mergers can generate extreme rain rates exceeding 60 mm within 20
minutes, closely corresponding to observed urban flash flooding. In addition to heavy rainfall, strong
wind gusts frequently accompany these events. Microbursts, identified through radar features such as
descending precipitation cores and pronounced near-surface divergent outflows, can produce wind gusts
exceeding 10 m s, further amplifying hazard impacts on the urban environment.

Short-duration rainfall accumulation is a key precursor to disaster occurrence: when 40 mm
accumulates within 60 minutes, about 35% of events intensify to hourly rainfall exceeding 60 mm,
increasing to 63% when the same amount occurs within 30 minutes and often followed by rapid
intensification. As rainfall intensity increases, disaster-prone areas tend to shift from the southern part
of the city toward the eastern and northern districts, influenced by prevailing southwesterly flow and
terrain effects.

Overall, this study demonstrates how radar-based analysis combined with rainfall statistics can
improve the identification of high-risk convective rainfall events and provide scientific support for
refining warning indicators and enhancing urban disaster resilience under a changing climate.

Keywords: Climate Change, Heavy Rainfall, Disaster Response, Taipei City
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Process-based Evaluation of a Data-Driven Tropical Cyclone Model
Boosted by Lagrangian Limited-Area Transformers

Buo-Fu Chen*?, Hao-Hsuan Lo, Wei-Hua Hsu?, and Yung-Yun Cheng?

!Center for Weather and Climate Disaster Research,
National Taiwan University, Taipei, Taiwan
2Department of Atmospheric Sciences,
National Taiwan University, Taipei, Taiwan

Abstract

Data-driven weather prediction models (DWPs) offer advantages in rapid forecasting and often
demonstrate superior synoptic-scale predictive skills compared with traditional numerical weather
prediction models. However, global DWP models typically operate at coarser temporal and spatial
resolutions and remain limited in their ability to accurately predict tropical cyclone (TC) wind structure
and rainfall. These limitations arise in part from the need to compromise between learning specific
features of TCs and effectively representing diverse weather systems globally.

Here, we develop a Lagrangian limited-area transformer for typhoon-following DWP (LLAT.ty)
with an increased temporal resolution of three hours. This transformer-based model is trained using TC-
centered ERA5 reanalysis from 2007 to 2020. Notably, LLAT.ty explicitly predicts the TC center
location, enabling the generation of three-dimensional TC structure forecasts at continuous time steps,
provided that boundary conditions from global model forecasts through one-way or two-way boundary
interactions. Reforecasts of all 2024 typhoons show that LLAT.ty improves TC track predictions relative
to the baseline FourCastNETv2 global DWP. Furthermore, LLAT.ty provides additional predicted
variables essential for TC forecasting, including rainfall and vertical motion.

Idealized simulations based on LLAT.ty are conducted to further assess whether the model
effectively learns the underlying physical processes required to produce accurate TC position and
structure forecasts. The results demonstrate that LLAT.ty produces realistic TC responses to variations
in sea surface temperature, latitude-dependent Earth rotation, and vertical wind shear that governs
convective asymmetry. The model also successfully simulates the formation and evolution of beta gyres,
which exert a physically consistent influence on TC motion. Overall, LLAT.ty bridges the efficiency of
global DWPs with TC-specific physical fidelity, offering a promising framework for data-driven TC
forecasting.

Keywords: Tropical cyclone, Deep learning, Transformer, Process-based evaluation
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Construction of the Lunar Magnetic Field Integration Platform
and Its Application:
Simulation Study of Solar Wind-Lunar Mini-Magnetosphere Interaction

ARRREMSEE 6 MEERAZ—
A R\ H ER A EL R 2K B AF F AR Beb T 72

Shu-Hua Lai', Zhi-Jieng Wu?, Kaiti Wang?, and Ya-Hui Yang!:?
CEREE '~ BEE 2 TERIEhe - A5TE )

!Center for Astronautical Physics and Engineering, National Central University (15t AX£2), Taoyuan City
g
2Department of Space Science and Engineering, National Central University(1 32K £2), Taoyuan City

3Department of Aerospace Engineering, Tamkang University (3T K2), New Taipei City

Abstract

The Moon does not have a global magnetic field. Still, it does have local crustal fields, i.e., the so-called magnetic anomalies
that typically have average intensities of ~10 nT, with some exceeding several hundred nT. These anomalies may perturb
the solar wind, slowing it down and changing its direction. We conduct two-dimensional magnetohydrodynamic (MHD)
simulations to examine the interaction between the solar wind and the lunar mini-magnetosphere. When the solar wind
approaches the Moon at right angles, the Moon's magnetic field pushes toward the surface. However, if the wind is parallel,
the magnetic field is dragged along, increasing magnetic strength and potentially causing localized reconnections that
accelerate plasma. Since these anomalies function like mini-magnetospheres, the velocity shear at their boundaries can
trigger the Kelvin-Helmholtz instability, leading to nonlinear waves that can extend hundreds of kilometers above the lunar
surface. Our findings may help explain shock-like structures observed above the lunar surface at altitudes over 100 km
since the Explorer 35 and Apollo missions, as confirmed by subsequent spacecraft such as Lunar Prospector, Kaguya, and
ARTEMIS. Additionally, we propose developing a user-friendly lunar magnetic field platform that would enable
researchers to simulate and analyze the distribution of the lunar surface magnetic field and correlate this data with satellite
measurements. The purpose of this project is to integrate magnetometer data from across different countries to improve a

global lunar magnetic field model and facilitate international research collaboration.

Key words: Moon, Lunar Magnetic Anomalies, MHD simulation, Solar-Wind Interactions, Platform
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Plasma chemical model for an enhanced green emission
following a gigantic jet near Taiwan

Cheng-Ling Kuo

Department of Space Science and Engineering, National Central University, Taiwan

Abstract

The "Green Ghost" is a recently identified faint green emission at approximately 90 km altitude that follows a
sprite (Lyons, 2022; Passas-Varo et al., 2023; Huang et al., 2024), a type of transient luminous event. It is believed
that the top of a gigantic jet (GJ) is similar to a sprite, as the streamer corona region is initiated by an electrode-
like leader from lower altitudes (De Silva and Pasko, 2013). We investigate the GJ events near Taiwan from 2022
to 2024. After checking the video, we found that one of these GJ events was followed by distinguished green
emissions. On June 22, 2024, at 19:52:35 LT, a GJ was recorded simultaneously by two optical cameras at the
Taitung Southern Cross-Island Yakou station and Lulin Observatory. Triangulation placed the event at 19.6°N,
121.0°E, approximately 400 km from the observers. The subsequent green emission, located at an altitude of 80-
100 km, had an estimated average brightness of 198.8+2.7 Rayleighs, a value within the typical range for the
background O(3S) airglow (150-270 R). The emission's brightness decayed exponentially with a characteristic
time of ~0.6 s, which is comparable to the 0.74 s radiative lifetime of the O('S) — O('D) transition. We propose
that the generation of this green emission requires the GJ to penetrate altitudes above 90 km, where it can excite
a sufficient population of ground-state oxygen atoms, potentially triggered by a diffusion region analogous to

those observed at the top of red sprites.

Keyword: Gigantic jets, Green Ghost
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Evolution of post-sunset equatorial plasma bubbles: relationships to
the equatorial ionospheric anomaly induced by pre-reversal

enhancement electric fields

e

255834 12 (Ictsai@csrsr.ncu.edu.tw), ZEE 3
! Center for Space and Remote Sensing Research, 2 Department of Space Science and
Engineering, > GPS Science and Application Research Center, National Central

University, Chung-Li, Taiwan, R.O.C.

e
This study presents GNSS radio occultation (RO) observational analyses on deducing
the relationships and dependences between post-sunset EPB occurrences and EIA
strength variability. The RO data were acquired from the FS7/COSMIC2 Program
from 2020 to 2025. In this study, we incorporate both effects from crest peak electron
density (Nemax) and crest-to-trough Nemar ratio and propose a new EIA strength
parameter defined as the mean of northern and southern crest-to-trough Nemax
differences to recognize and characterize the post-sunset EIA features. Both
seasonal—longitudinal appearances of intense post-sunset EPB occurrences and strong
EIA events occurred on more or less 30 days expanded from when and where
magnetic flux tubes align with the sunset terminator at the magnetic equator but have
more intense EPB and/or strong EIA days during southern (northern) hemispheric
summers in the South American area (the Central Pacific area and the Africa area). It
is well consistent with Tsunoda’s hypothesis during the evening pre-reversal
enhancement (PRE) and reveals more informationt on day-to-day variability,
intensities and extents of post-sunset EPB occurrences and EIAs subject to seasonal,
longitudinal, and solar cycle variability. Moreover, the local-time evolutions of peak
post-sunset EIAs occurred during 19~20 LT which is earlier than that of the obtained
experimental peak (i.e., 20:20 LT) of post-sunset EPB occurrences. We expect that
the post-sunset EIA detection could be a potential precursor for post-sunset EPB

occurrence.
Keywords: post-sunset equatorial plasma bubble (EPB); equatorial ionospheric

anomaly (EIA); equatorial spread F (ESF); GNSS radio occultation (RO) observation;

radio scintillation
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Applying Artificial Intelligence for Space Science and Technology

Cissi Y. Lin23*, Chung-Yu Shih!, Guan-lin Liu!, Hui-Che Hsu*, En-Jui Chang!, Chia-Hui
Chang?®, and Feng-Nan Huang®

!Department of Space Science & Engineering, National Central University, Taiwan

2Center for Astronautical Physics & Engineering, National Central University, Taoyuan, Taiwan
3Global Atmospheric Observations and Data Applications Research Center, National Central
University, Taiwan

“Department of Electronic and Computer Engineering, National Taiwan University of Science
and Technology, Taipei, Taiwan

SDepartment of Computer Science and Information Engineering, National Central University,
Taiwan

Department of Mathematics, National Central University, Taiwan

*Email: cissi@g.ncu.edu.tw

The rapid evolution of orbital operations has introduced complex challenges that exceed the
capabilities of traditional physics-based models and classical signal processing. This presentation
explores the transformative role of artificial intelligence (Al) across three critical domains:
environmental forecasting, on-orbit perception, and resilient communications. To address the
volatility of the space environment, we first investigate Transformer architectures for sequence-
to-sequence prediction of ionospheric Total Electron Content (TEC), capturing non-linear
geophysical forcings that elude analytical models. Then, we present a lightweight Long Short-
Term Memory (LSTM) network designed for real-time GPS orbit correction, demonstrating that
compressed Al can operate within the stringent computational constraints of satellite hardware to
enhance positioning accuracy. Furthermore, to improve Space Situational Awareness (SSA), we
propose an optimized, lightweight neural network based on the YOLO baseline for on-orbit object
detection. By implementing innovative modules such as the Lightweight Path Aggregation
Network (LPAN) and the Adaptive Reception Field Module (ARFM), our method achieves high
detection sensitivity for multi-scale objects while minimizing computational redundancy. Finally,
we reimagine digital communication by replacing rigid receiver blocks with an end-to-end LSTM-
based demodulator for QPSK signals. By processing raw passband waveforms directly and
utilizing curriculum learning, the model effectively mitigates severe inter-symbol interference and
noise. Collectively, these studies illustrate that specialized Al architectures are essential for the
next generation of autonomous, resilient, and precise space systems.

Keywords: Deep Learning, lonospheric Total Electron Content, GNSS Orbit Correction, Space
Situational Awareness, Satellite Navigation, Communications
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Surface Water Availability-Temperature Index (SWATI): A Satellite-
Based Approach for Global Drought Monitoring

Yuei-An Liou and Minh-Tin Thai
Center for Space and Remote Sensing Research, National Central University, 300
Jhongda Road, Jhongli District, Taoyuan City 320317, Taiwan
Email: yueian@csrsr.ncu.edu.tw

Abstract

Drought monitoring is critical for sustainable irrigation management and agricultural
resilience in the context of climate change. This study introduces the Surface Water
Availability-Temperature Index (SWATI), a satellite-derived indicator developed to
assess drought conditions. The SWATI is constructed using the Euclidean distance
method, integrating three remote sensing variables: the Normalized Difference Latent
Heat Index (NDLI), the Normalized Difference Vegetation Index (NDVI), and Land
Surface Temperature (LST). Its performance was assessed against five datasets, such
as Global Land Surface Satellite (GLASS) soil moisture (SM), Soil Moisture Active
Passive (SMAP) SM, evapotranspiration (ET), Climate Hazards Group InfraRed
Precipitation with Station data (CHIRPS) rainfall, and Temperature-Vegetation-
Shortwave infrared reflectance Dryness Index (TVSDI). At the national scale, the
SWATI showed high correlations with GLASS SM, while continental-scale analysis
revealed higher correlations with SMAP SM (-0.83 <r <-0.54, p < 0.01) compared
to TVSDI (-0.80 <r<-0.47, p <0.01). Spatiotemporal analysis further demonstrated
robust agreement between SWAT]I and four datasets, with more than 43% of the total
area showing the high consistency. These results confirm that the SWATI effectively
indicates SM and enables the production of high-resolution dryness maps at the global
scale. In conclusion, the SWATI is an effective drought monitoring approach, and its
further utilization will be essential for irrigation management in data-scarce regions.

Keywords: Drought monitoring; global scale; irrigation management, soil moisture
(SM); Surface Water Availability-Temperature Index (SWAT]I).
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Measurements of deep space radiation aboard the ispace Resilience lunar
lander

Loren C. Chang*, Chieh Lung, Yi-Chung Chiu, Yi-Hsuan Chou, Wei-Yi Lin, Kai-Jie Hou,
Jen-Siang Lin, Glenn Franco Gacal, Shih-Pin Lee, Tzu-Wei Hung, I Chen, Jann-Yenq Liu
Department of Space Science and Engineering, Center for Astronautical Physics and Engineering,
National Central University, Taoyuan City, Taiwan

Mitchell M. Shen
Department of Astrophysical Sciences,
Princeton University, Princeton, NJ, USA

Tung-Yuan Hsiao
Institute of Nuclear Engineering and Science,
National Tsing Hua University, Hsinchu City, Taiwan

Abstract

Regions outside of Low Earth Orbit (LEO, altitudes above approximately 1000 km) are classified as “deep
space”. The deep space environment poses many challenges for human and robotic exploration, including stronger
ionizing radiation fluxes, more extreme temperature variations, as well as limited data downlink volume. With the
growth of flight opportunities to deep space aboard government and commercial lunar missions, characterizing the
radiation environment and its effects on electronics during these missions is of critical importance for both crewed
and uncrewed missions. Utilizing one of the growing number of rideshare opportunities offered by commercial
lunar mission providers, we have completed the rapid development and deployment of a Deep Space Radiation
Probe (DSRP), which was launched aboard the HAKUTO-R Mission 2 (M2) Resilience lunar lander from
Commercial Lunar Payload Services provider ispace, inc. on January 15, 2025, immediately commencing
operations following launch. Mounted on the exterior of the lander with minimal shielding, DSRP measured the
radiation dose, dose rate, and single event upset (SEU) rate throughout the five-month mission, including multiple
passes through the radiation belts, at distances far beyond the Moon, as well as in lunar orbit, being active for over
97% of the five-month mission, which was considerably longer than most other recent commercial lunar lander
missions.

The largest measured radiation dose rates are considerably larger than those aboard past lunar missions during
lower solar activity levels, oftentimes inside shielded spacecraft. Passage through the radiation belts and solar
radiation storms were correlated with increases in dose rate, while bit flips caused by single event upsets (SEUs)
that can result in data corruption and flight software malfunction were detected throughout the course of mission,
not solely during events where higher particle radiation fluxes are expected such as solar radiation storms. A steady
background deep space dose rate was also observed during quiet times due to galactic cosmic rays. The radiation
data provided by DSRP with its unusually long mission duration will be beneficial for the development of future
spacecraft electronics and crewed missions to deep space and the Moon, especially considering the long duration
habitation plans of lunar exploration programs such as Artemis.

Keyword: Space radiation, lunar exploration, single event effects
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The lonospheric Impact of Artificial Space Object Reentry

Yi-Chung Chiu?, Loren C. Chang!?, Jann-Yenq Liu'?
! Center for Astronautical Physics and Engineering, National Central University

2 Department of Space Science and Engineering, National Central University

Abstract

The Sporadic E layer (Es) is a type of ionospheric irregularity characterized by thin,
highly ionized plasma clouds. Its formation is generally attributed to the combined
effects of meteor ionization and the wind shear effect of the neutral atmosphere's
background wind field. As radio waves penetrate the highly non-uniform plasma
distribution within the Es layer, they undergo rapid fluctuations in signal strength,
known as ionospheric scintillation. The S4 index is the standard parameter used to
guantify this phenomenon.This study aims to conduct a long-term analysis of radio
wave disturbances in the ionospheric E region using the Radio Occultation (RO)
technique. We utilized S4 data spanning Solar Cycles 24 and 25 from the FORMOSAT-
3 / COSMIC (F3/C) and the succeeding FORMOSAT-7 / COSMIC-2 (F7/C2) satellite
constellations. These data were correlated with the Solar Activity Index (F10.7 Flux
Index) and the statistical count of re-entering artificial space objects.

Previous research based on F3/C data consistently indicated a clear negative
correlation between the low-latitude S4 intensity and solar activity. However, by
integrating F7/C2 S4 data and extending the time series into the recent solar cycle
ascending phase, the results showed a dramatic shift. The correlation between low-
latitude S4 and solar activity has become highly positive, completely contrary to
historical observations.To rigorously validate this contradiction, we compared the
correlation analysis between low-latitude E layer S4 and the F10.7 flux across two
distinct solar cycle ascending phases, confirming the total inversion of the relationship.
Furthermore, an independent analysis revealed a striking high positive correlation
between the low-latitude E layer S4 intensity and the number of re-entering artificial
space objects. This robust statistical link strongly suggests that the anomalous S4
variability is tied to non-natural interference factors. Based on these correlation
analyses, we hypothesize that the increasingly severe space debris problem in recent
years has exerted a significant influence (or pollution) on the natural variability of the
Earth's ionosphere and the global communication environment.

Space debris re-entry may alter the formation, structure, and dissipation rates of
the Es layer by generating additional ionization sources. The results of this study not

only demonstrate that the influence of human activities has extended into the upper
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atmosphere but is also beginning to impact the space weather system. This discovery
poses a substantial impact on critical applications such as global navigation accuracy
and satellite communication stability, urgently necessitating a deeper geophysical

assessment of the environmental consequences of space debris.



The Three-dimensional Electron Density Reconstruction by Using Global
Ionospheric Specification Extended (GIS-Extended)

Chi-Yen Lin'*, Jann-Yenq Liu!, Charles C.H. Lin?
1. Center for Astronautical Physics and Engineering, National Central University

2. Department of Earth Sciences, National Cheng Kung University

Abstract
This study employs the global ionospheric specification (GIS) data assimilation model to reconstruct the three-
dimensional electron density structure of the ionosphere and plasmasphere. It employs a Gaussian-Markov
Kalman filter to assimilate ground-based GNSS and FORMOSAT-7/COSMIC-2 radio occultation slant total
electron content (TEC) observations. The study extends the model's altitude boundary from the ionosphere to the
lower plasmasphere, ranging from 1,000 to 21,000 km. An observing system simulation experiment (OSSE) is
conducted to assess the accuracy of the reconstructed electron density, with results indicating that the model
effectively reconstructs both the ionosphere and the plasmasphere. A significant geomagnetic storm occurred on
Mother’s Day of 2024 (May 10-12), with the Dst index dropping to -412 nT, the lowest value since November
2003. GIS electron density analysis indicates that this geomagnetic storm significantly affected the ionosphere for
approximately two days, whereas the plasmasphere remained affected for more than two days. Furthermore, after
the geomagnetic storm began to affect the plasmasphere, plasma density rose sharply for one day, then declined

noticeably for more than a day.

Keywords: Data Assimilation, GNSS-RO, Ionosphere, Geomagnetic storm
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Estimate of Drift Velocity of lonospheric Sporadic E irregularities Made with High

Frequency Surface Wave Radar

Yen-Hsyang Chu?, Ching-Lun Su? and Yu-Lei Lai?
1 Center for Astronautical Physics and Engineering, National Central University

2 Department of Space Science and Engineering, National Central University

Abstract

It has long been shown that the ionospheric clutters detected by HFSWR can be
exploited to explore useful information on ionosphere. In this study, a diffuse type of
ionospheric clutters observed by a high frequency surface wave radar (HFSWR),
which are characterized by widely spread both in range and Doppler velocity with a
distinct bottom boundary in a concave upward (or necklace-like) pattern, are
employed to deduce horizontal U and vertical W drift velocities of the plasma
irregularities associated with diffuse sporadic E (Es) layer. Under the assumptions of
W<<U and straight line approximation to the Doppler velocity contour in radar
illuminating area, a theoretical quadratic function that relates Doppler velocity Vr of
ionospheric clutters to their ranges R is derived. A comparison shows that the
theoretical R-Vr function can well describe the bottom boundary of the ionospheric
clutters. After best fitting the theoretical quadratic function to HFSWR-observed
ionospheric clutters, vertical and horizontal drift velocities together with height of
the Es irregularities responsible for the necklace-like ionospheric clutters can be
estimated. The result shows that the estimated heights of the Es irregularities are
consistent with the virtual height of the diffuse Es layer observed by ionosonde. In
addition, we find that the horizontal and vertical velocities are in ranges between 30
and 80m/s and -5 and 10 m/s, respectively, which are in general agreement with the

predictions of horizontal wind model (HWM) in magnitude.
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Gravity Wave Breaking atop Storms Occurred along Coastal China
on July 29, 2016: Observations, Modeling, and Impact

Pao K. Wang!?34 Yen-Liang Chou', Daniel Lindsey®, and Chung-Rui Lee!

'Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan
Department of Aeronautics and Astronautics, National Cheng Kung University, Tainan, Taiwan
SDepartment of Atmospheric Sciences, National Taiwan University, Taipei, Taiwan
‘Department of Atmospheric and Oceanic Sciences, University of Wisconsin-Madison, Madison, USA
SRAMMB/NOAA, Fort Collins, USA

Abstract

This is an eyewitness account of the internal gravity wave breaking atop storms occurred along coastal
China on 7/29/2016 and model simulation of the event. A group of sea breeze thunderstorms occurred on
July 29, 2016 in 1300-1700 LST along the coastal region south of Yangtze River in China. On that day, the
senior author (PKW) took a commercial flight from Beijing to Taipei and eye-witnessed the development
of this group of storms and made plenty photographic recordings of the storm top features as seen from the
aircraft during the flight. The storm tops exhibit clear features of internal gravity wave breaking as
manifested by the presence of jumping cirrus, turbulent anvil surface and above anvil cirrus plumes
(AACP). In order to gain a wider perspective of the storm environment, we retrieved the Himawari-8
satellite visible images of these storms.

The simultaneous aircraft and satellite observations make it possible to identify individual storms in
both sets of data. By carefully matching up the storms in aircraft photographs and satellite images, we can
make very clear interpretation of features seen in satellite images from the respective aircraft photos of
specific storms.

We performed both single cloud model simulations of a few selected storms to understand the
dynamics and thermodynamics of the storms and WRF modeling of the complete storm group to
understand the impact of the storm activities to the stratosphere. The single cloud model results demonstrate
that the internal gravity wave breaking causes the water vapor to penetrate through the tropopause and enter
the stratosphere. The WRF model results show that the storm activity produced extensive gravity waves
that transported substantial energy and momentum from the troposphere to the upper atmosphere.
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Investigation of space weather impacts on global ionospheric electron

density distribution by using FORMOSAT-7/COSCMIC-2 observations
Rajesh, P. K.!, C. H. Lin!, C. Y. Lin?, and S. P. Chen!

'National Cheng Kung University, Tainan

INational Central University, Taoyuan

The objective of this study is to examine the ionospheric response to major and minor
geomagnetic disturbances during 2019-2025, a six-year period involving deep solar
minimum conditions and solar maximum days with intense geomagnetic activity. There
were about 185 geomagnetic disturbances occurred during this period, with the disturbed
conditions persisting for multiple days during most of the events. Out of these, 25 events
were major geomagnetic disturbances, including two extreme events. These disturbances
triggered intense positive variations in the low- and mid-latitude ionosphere on several
occasions and long-lasting negative storm effects over a wide range of longitudes. Hourly,
three-dimensional, Global Ionosphere Specification (GIS) electron density profiles
constructed from the slant total electron content measurements by FORMOSAT-
7/COSMIC-2 constellation and ground-based global navigation satellite system receiver
network are used to estimate the impact of the minor and major geomagnetic storms. A
superposed epoch analysis is carried out, with the time of maximum interplanetary
electric field as the zero-epoch time, and the local-time and latitude variations of the GIS
electron density are investigated by using previous 5-day average as the quiet-time
reference. The results reveal ~200% enhancement in the average electron density over
low latitudes over the longitude that falls at local-noon sector at the zero-epoch time.
Maximum electron density response occurs within about 3.5-4 hours after the zero-epoch.
In the night sector, the enhancement occurs after 5-12 hours of the zero-epoch. The
latitude variation reveals classic storm-time behavior in solar maximum, with stronger
response occurring earlier over mid- and low-latitudes and propagating to equatorial
region. The storm effect lasts for about 3-days over the mid- and low-latitudes. The results
are further compared with the corresponding variations of IMF parameters and O/N2
ratio, and the possible factors that contribute to the observed extreme positive response
are examined.
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Spatiotemporal analyses of pre-earthquake ionospheric anomalies
associated with the M7.1 Indonesia earthquake observed by
FORMOSAT-7/COSMIC-2

Fu Yuan Chang?, Jann Yenq Liu*

Center for Astronautical Physics and Engineering, National Central University, Taiwan

Abstract
FORMOSAT-7/COSMIC-2 (F7/C2) was successfully launched on 25 June 2019 into a mission orbit at
about 550 km altitude, with a 24° inclination and an orbital period of about 97 minutes. The mission
consists of a constellation of six small satellites, providing observations with high temporal and spatial
resolution. Each satellite is equipped with a Tri-GNSS Radio Occultation System (TGRS) and an lon
Velocity Meter (IVM), enabling simultaneous measurements of ionospheric electron density vertical
profiles as well as in situ plasma parameters at satellite altitude, including ion density, ion temperature,
and ion velocity. These instruments are well suited for investigating the structure and dynamical
characteristics of the equatorial and low-latitude ionosphere. In this project, F7/C2 radio occultation
and in-situ measurements, together with total electron content (TEC) data from the Global lonosphere
Map (GIM), are used to investigate ionospheric disturbances associated with the M7.1 earthquake that
occurred on 14 November 2019 near Kota Ternate, Indonesia.  Preliminary results indicate that the GIM
TEC above the epicentral region exhibited a pronounced enhancement approximately 19—20 days prior
to the earthquake. Further spatial and temporal analyses reveal that this anomaly shows clear regional
localization and persistence, suggesting that it may be related to the earthquake preparation process.
This project aims to fully exploit the advantages of the F7/C2 constellation in terms of high
spatiotemporal resolution and multi-parameter observations. Through a detailed case study of the M7.1
Kota Ternate earthquake, the analysis seeks to achieve spatiotemporal anomaly detection capabilities
comparable to those of global ionospheric maps, while further integrating in-situ plasma parameters, pre-
earthquake electric fields inferred from ion velocity measurements, and vertical electron density structure
derived from radio occultation profiles. This integrated approach is expected to provide a more
comprehensive characterization of the spatiotemporal behavior and physical consistency of pre-
earthquake ionospheric anomalies (PEIA), and to establish a concrete and reproducible research

framework for PEIA studies.

Keyword: FORMOSAT-7/COSMIC-2, pre-earthquake ionospheric anomaly, pre-earthquake
electric fields
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The Spatial Distribution of Heat and PM_5 in the Urban Area

With Green Spaces
Siang-Heng Wang

Climate Change Research Center, National Environmental Research Academy, Taoyuan, Taiwan

Abstract

Urban green space plays a critical role in buffering the air quality and extreme heat for the population living
in the city area under increasingly serious climate challenges. Urbanization deteriorates air quality through
traffic pollution and poor ventilation, and the heat island effect is enhanced through impermeable paving and
waste heat. A balanced solution is needed to maintain commercial and living functions and benefit the
population’s physical and psychological health in the city area. However, the government’s urban planning
began many decades ago. How the evidence of urban green space shows beneficial function for the population is
critical for designing a new urban layout for the next generation. This study used meteorological parameters and
PM_s data in Taipei and Taichung in Taiwan to analyze the relationship between urban green space and air
quality, Urban Heat Island Index, and Physiological Equivalent Temperature. The results may be helpful for

urban planning and informed consideration of ecosystem service values of urban green space.

Keyword: urban green space; air pollution; UHI; PET
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Observational Characteristics of Raindrops, Cloud Properties, and
Aerosol in Warm Cloud Precipitation

Chian-Yi Liu, Dinh Hoang Long Nguyen, Meng-Yue Lin
Research Center for Environmental Changes, Academia Sinica

Abstract

This study investigates high-temporal-resolution interactions between aerosols, cloud properties, and raindrop
characteristics during two winter seasons in Northern Taiwan, thus addressing the limited temporal resolutions of
previous studies. Observational data of rain characteristics from a Parsivel2 disdrometer, cloud data from the
Himawari-8 satellite, and PM2.5 aerosol concentrations were used to estimate variations in the raindrop size
distribution (RSD) for different cloud intensities, aerosol levels, and relative humidity (RH). The results showed
that warm rain predominantly contributes to winter precipitation, exhibiting shallower cloud tops, warmer cloud
temperatures, larger cloud optical thickness, and smaller cloud droplets compared to non-warm rain. Regarding
rain types, drizzle characterized by uniform small raindrop size and light rain demonstrated a greater variability
of raindrop size with a high concentration of large drops. During warm rain cases where intense cloud, elevated
PM2.5 levels, and high RH co-occur, drizzle generated larger raindrops with a wider RSD compared to light rain.
In contrast, under high PM2.5 levels, light rain experiences constrained raindrop growth due to the saturation
effect and a lower RH. These findings reveal that variations in the RSD—particularly the mass-weighted mean
diameter (Dm)—are driven by distinct cloud property responses under intense cloud conditions, high aerosol
loadings, and varying RH, highlighting complex interactions among aerosols, cloud properties, and raindrops
Keyword: Aerosol-cloud—precipitation interactions, raindrop size distribution, cloud properties, aerosol
loading, cloud intensity, winter precipitation
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Interactions between Anthropogenic Pollution and Plant
Emissions on Aerosol Formation Mechanisms and Properties:
Experimental and Observational Studies

Hui-Ming Hung
Department of Atmospheric Sciences, National Taiwan University

Abstract

In this study, we investigate the impact of interactions between SO (an anthropogenic pollutant) and plant-
derived VOC emissions on aerosol formation and properties. Using chamber experiments, we quantify how
the addition of SO, alters the oxidation pathways of biogenic/anthropogenic VOCs, and the resulting
secondary organic aerosol (SOA), affecting composition, volatility, nucleation, and growth dynamics.
Parallel field observations, made with our air-quality box (AQB) systems, monitor chemical composition
(CO, NO, NO3, O3, and COy), ambient aerosol number/size distributions, and temporal variation under real
atmospheric conditions. Together, these experimental and observational datasets allow us to assess how the
combination of natural and anthropogenic emissions affects the physical and chemical properties of aerosols.
The combined results enhance our understanding of aerosol generation mechanisms and variability in real-
world environments, with implications for air quality, aerosol-cloud interactions, and regional climate
effects.

Keywords: Aerosol, SOz, VOC, SOA, Air quality box.
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The concentrations of PM2 s and O3 are strongly influenced by polluted weather
patterns and meteorological conditions. This study first examined these three factors—
namely, pollutant concentrations, polluted weather patterns, and meteorological conditions—
individually, followed by an analysis of their pairwise interactions. PM» s and O3 episodes
were each classified into 12 distinct categories. Based on observational data from 2006 to
2024, 37.2% of PM2 5 episodes in Taiwan during the northeast monsoon season were
attributable to a combination of long-range transport (LRT) from the Asian continent coupled
with local pollution in northern, central, and southern Taiwan (PW1), as well as LRT alone
(PW2). Similarly, 35.1% of O3 episodes occurred under comparable conditions (OW1 and
OW?2). Nevertheless, stratospheric intrusion may constitute an additional source that requires
further validation. Orographic blocking by the Central Mountain Range (CMR) induces the
polluted weather patterns PS1, PS2, PW3, PW4, PTY, OS1, OS2, OW3, OW4, and OTY,
which collectively account for 20.4% and 24.1% of all PM» s and O3 pollution episodes,
respectively. Seasonal variations reveal that PM s concentrations peak in winter, followed by
spring and autumn, with the lowest values observed in summer. In contrast, O3 concentrations
are highest in spring and autumn, moderate in winter, and lowest in summer. The ventilation
index (VI) remains low across southern Taiwan, indicating poor dispersion. Only a minor
fraction of easterly airflow crosses the Central Mountain Range (CMR) and subsides over
northern, central, and southern Taiwan. Northerly and easterly flows are more turbulent than
westerly and southerly flows. For PW1, PW2, and PTN polluted weather patterns, wind
speed, temperature, and relative humidity (RH) are lower, while VI is higher, compared to
“other” polluted weather patterns and PM> s-ordinary days. For OW1, OW2, and OTN
patterns, O3 concentrations are relatively high in the CM, CE, YCN, and KP air quality areas,
with average sunshine duration (SS) of 6.4-7.1 hours and global radiation (GR) of 15.0-16.7
MJ m™. For “other” polluted weather patterns, average SS and GR across Taiwan range from
5.1-7.3 hours and 15.8-17.7 MJ m™, respectively.

BT © PMas, Os, polluted weather patterns, meteorology
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How the Recondensation-Induced Nucleation Shapes Urban Aerosol Number
Jen-Ping Chen'®, I-Chun Tsai®, Li-Wei Kuo', Gong-Do Hwang*

'Department of Atmospheric Sciences, NTU

2International Degree Program in Climate Change and Sustainable Development, NTU

*Research Center for Environmental Changes, Academia Sinica

“NVIDIA Singapore

Abstract

Air-quality models frequently underestimate urban particle number concentrations (PNC), particularly in the
nucleation and Aitken size ranges, while reproducing PM:.s mass more accurately. This persistent low-
PNC/high-PM..s bias suggests that key number-forming processes are missing from current modeling
frameworks. Here we investigate Recondensation-Induced Nucleation (RIN), a physically motivated mechanism
in which pre-existing ambient aerosols are vaporized during engine combustion and subsequently re-nucleate as

exhaust gases cool, enhancing particle number with little net change in mass.

We present controlled four-stroke engine experiments conducted under three intake conditions: ambient air,
particle-free purified air, and aerosol-laden air. A distinct nucleation mode below ~30 nm appears only when
ambient or seeded aerosols are present in the intake air, providing direct laboratory evidence for RIN. Increasing
intake aerosol loading enhances exhaust PNC, but with a strongly sub-linear response, indicating a self-limiting
process. To interpret these findings, we employ idealized aerosol parcel-model simulations of the H>SO+—H-0
system that resolve heating-induced evaporation and cooling-induced nucleation. The simulations demonstrate
rapid in-cylinder evaporation of pre-existing particles, followed by burst nucleation during cooling that is

regulated by condensation and coagulation sinks, explaining the observed saturation behavior.

A parameterized RIN module is then implemented in the Community Multiscale Air Quality (CMAQ) model and
applied to regional simulations over Taiwan for November 2020. Without RIN, CMAQ underestimates observed
PNC at the urban Xitun site by ~75% while overestimating PMz.s by ~21%. Incorporating RIN substantially
improves model performance: depending on assumed particle size distribution parameters, the PNC bias is
reduced to as low as 14%, with negligible impact on PM..s. The RIN mechanism effectively transfers aerosol
mass from the accumulation mode to Aitken-mode number, also correcting the long-standing underestimation of

the Aitken-to-accumulation number ratio in urban environments.

Our results demonstrate that RIN provides a missing mechanistic link between combustion microphysics and
ambient ultrafine particle abundance. Including this process in air-quality models significantly improves the
simulation of health-relevant particle number concentrations and helps reconcile the divergent biases in aerosol

mass and number commonly found in urban simulations.
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Impact of PBL Processes and Urbanization on Fine-Scale
Meteorological Simulation

Fang-Yi Cheng, Yi-Cheng Lin, and Yhen-Jhen You
Department of Atmospheric Sciences, Naitonal Central University, Taiwan
Abstract

The planetary boundary layer (PBL) plays a critical role in regulating meteorological variability
and the transport and dispersion of air pollutants in metropolitan regions. In recent decades, rapid
economic development and urban expansion in Taiwan have resulted in substantial land-use changes,
intensifying the urban heat island effect and exacerbating air pollution. In this study, a high-resolution
meteorological modeling system coupled with urban canopy parameterizations and multiple PBL
schemes is employed to investigate PBL physical processes and to characterize the thermal and
dynamic structures of the PBL over urban areas. The simulations further incorporate the Local Climate
Zone (LCZ) classification framework, using ten LCZ urban types to improve the representation of
urban land use and building morphology. To examine urban air pollution in greater detail, an air quality
model is applied to explore the interactions among urbanization, PBL processes, and air quality.
Preliminary results indicate that simulations using the ten LCZ urban types exhibit more pronounced
spatial heterogeneity than those using a single urban category. In addition, the PBL schemes tend to
overestimate daytime vertical mixing and underestimate nocturnal cooling, leading to an

underestimation of pollutant concentrations. Details can be discussed during the conference.
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Ice Nuclei Influence on Wintertime Marine Boundary-Layer-Topped
Clouds over the Northwestern Pacific
Chung-Kai Wu and Jen-Ping Chen
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Impact of climate extremes on local carbon and hydrological
cycles

Mao-Chang Liang
Institute of Earth Sciences,

Academia Sinica

Abstract

Global warming is often discussed in terms of rising average temperatures (+1.1 °C since pre-industrial
times), but the most profound impacts on biogeochemical cycles arise from changes in climate variability rather
than mean trends. A warmer atmosphere holds approximately 7% more water vapor per degree Celsius
(Clausius-Clapeyron relation), energizing the hydrological cycle. This leads to an intensification of weather
patterns where wet regions become wetter and dry regions drier, punctuated by increasingly frequent and severe
extremes such as heatwaves, droughts, and heavy precipitation events. These extremes act as "shocks" to the
global/regional/local carbon and hydrological cycles, often triggering non-linear responses that can override
years of gradual carbon sequestration or stable water flow. As noted previously, extreme events can
instantaneously reverse the carbon sink function of ecosystems, releasing vast amounts of CO2 and creating
positive feedback loops that further accelerate warming. This study is thus proposed to study the impact of

climate extremes on local/regional carbon and hydrological cycles.

Keyword: Global warming, climate extremes, terrestrial carbon cycles, hydrological cycles
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Exploration of complex physical and chemical processes of a severe
haze episode over central Taiwan

Chuan-Yao Lin*, Wen-Mei Chen, Yang-Fan Sheng, Wan-Chin Chen, Hing Cho Cheung, Charles,
C. K. Chou

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

Abstract

Nitrate is one of the significant inorganic aerosols and is frequently experienced as the dominant
component during air quality events in central Taiwan. This study examined a haze event with
unprecedented PM2.5 levels and peaked at 110 pg/m?® in central Taiwan's urban areas (UAPRS station)
during 04-05 November 2021. Data showed PM2.5 at UAPRS was 29.0 pg/m?® during the day and 89.7
pug/m? at night. Notably, nitrate dramatically increased from 4.4 to 39.0 ug/m?, contributing 43.5% to the
nighttime rise in PM2.5 in central Taiwan on the event day.

Simulation results indicated that the lee-side vortex, driven by the interaction between the ambient flow
and the Central Mountain Range (CMR), facilitated the accumulation of pollutants, transporting them
northward to the ocean and then returning as the ambient wind direction changed from easterly to
southeasterly. Additionally, the swept-back plume in the afternoon, driven by the lee-side northwesterly
flow and overlaid with urban pollution, was a key contributor to the first PM2.5 peak at 20:00-22:00 LST
on November 4. The mechanisms study revealed that nitrate aerosol was dominant, with N2Os hydrolysis
playing a critical role in its formation in the nocturnal atmospheric chemistry. Furthermore, the
convergence of the lee-side northwesterly flow with the mountain downslope wind at midnight,
combined with the reduction in planetary boundary layer height, enhanced the second PM2.5 peak, which
occurred between 02:00 and 03:00 LST on November 5. The findings of this study can be applied to

other regions with similar complex topography, pollution environments, and comparable relief.
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Abstract
Numerous studies have shown that exposure to excessively hot environments or poor air quality can cause
cardiovascular and respiratory diseases. In Taiwan’s Central Air Quality Control Region, Nantou County
experiences relatively few days of good air quality, with Zhushan Township being the most affected.
Accordingly, this study focuses on the Zhushan area to investigate particulate matter (PM) and heat exposure
among elementary school children in their daily living environments. A total of 28 elementary school children
were recruited for personal exposure monitoring. Among them, 7 participants in summer and 8 in winter were
further selected for simultaneous indoor and outdoor household monitoring. Continuous 24-hr measurements
were conducted over five consecutive days without disrupting daily routines. Each child carried three miniature
monitoring devices: a portable all-in-one micro-sensor (AS-LUNG), a temperature and illuminance data logger
(HOBO UA), and a temperature/humidity/illuminance/external-channel logger (HOBO U12). These instruments
collected data on PM, carbon dioxide, temperature, relative humidity (RH), and illuminance. Temperature, RH,
and illuminance data were converted into wet bulb globe temperature (WBGT), and multiple regression models
were applied to assess the factors influencing personal PM exposure. Results showed that personal PMz.s and
PMio exposure in summer and winter complied with 24-hr air quality standards across all microenvironments.
WBGT-based heat hazard levels consistently fell within the cautionary and alert ranges. In households, PM..s
and PMio concentrations in both seasons remained below regulatory thresholds: outdoor levels complied with
Taiwan’s ambient air quality standards, while indoor levels met the requirements of the Indoor Air Quality
Management Act. Correspondingly, WBGT heat hazard levels in household settings also remained within the
cautionary and alert categories. When personal exposure was examined in relation to indoor and outdoor levels,
the analysis showed that a 1 ng/m?® increase in indoor and outdoor particulate concentrations resulted in personal
exposure increases of 0.0259-0.0377 pg/m?® and 0.0103-0.0275 pg/m?, respectively, with R? ranging from 59%
to 67%. Using indoor measurements to predict personal exposure, increases in indoor PM, RH, and carbon
dioxide levels, as well as decreases in temperature, were all positively associated with higher personal exposure
(R2= 55-66%). When using outdoor measurements, increases in outdoor levels and decreases in temperature
were significantly associated with higher personal exposure, though with slightly lower explanatory power (R2=
43-55%). Overall, this study demonstrates that summer and winter personal exposure and household indoor and
outdoor PM measurements were well below regulatory limits, while heat stress remained within cautionary
ranges. Predictive models based on indoor and outdoor measurements performed well, with the combined

indoor—outdoor approach providing the strongest predictive capability for personal particulate exposure.

Keyword: elementary school children, particulate matter, heat stress, research-grade low-cost sensor
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Abstract

Nighttime air pollution episodes frequently occur in central Taiwan during winter and early spring under
stable atmospheric conditions. This study investigates the role of nighttime radiative cooling and the development
of the nocturnal stable boundary layer (NSBL) in regulating PM2s concentrations over Douliu, Taiwan, during
2020-2025. Unmanned aerial vehicle (UAV) vertical observations are used to characterize the nocturnal vertical
structure of meteorological variables and PM2s, while ERAS reanalysis radiation data are employed to quantify
nighttime radiative cooling. A total of 351 nighttime UAV profiles were analyzed to examine the characteristics
of nocturnal temperature inversions and stable boundary layer. The curvature of the potential temperature profile
(v) is applied as a diagnostic parameter to describe the evolution of the NSBL. The results show that nocturnal
surface temperature inversions occur frequently, accounting for approximately 41% of nighttime flights, with the
bottom of the inversion layer mainly forming at altitudes below 50 m and an intensity of 1-4°C per 100 meters.
These inversion conditions are mainly associated with negative curvature (y < 0), indicating strong surface
radiative cooling and suppressed turbulent mixing. During inversion nights, surface PMzs levels averaged 65 ug
m=, representing a 15% increase compared to non-inversion nights (56.4 pg m=), demonstrating the critical
influence of nocturnal stable boundary layer on pollutant accumulation.

A case study conducted during 1-2 December 2024 illustrates the coupled evolution of radiative cooling,
NSBL structure, and PM2s under clear-sky and weak wind conditions associated with a persistent high-pressure
system. During this event, net longwave radiation remained below -60 W m throughout the night, leading to
progressively strengthened surface inversions, with the inversion height reaching up to 200 m and near-surface
PMz25 concentrations exceeding 80 pg m3. After sunrise, surface heating broke down the stable layer, shifted y
toward positive values, and rapidly reduced PMzs concentrations. The strong positive correlation (r = 0.66)
between inversion intensity and PM2s concentration confirms the dominant role of radiative cooling and induced
boundary layer stability in controlling nighttime air quality over Douliu. These results highlight the importance
of nocturnal stable boundary layer processes driven by radiative cooling in shaping wintertime air pollution over
Douliu and underscore the need to explicitly consider nighttime boundary layer dynamics in air quality assessment

and management.

Keyword: Radiative cooling, Nocturnal Stable Boundary layer (NSBL), Nocturnal surface temperature,

Air quality, UAV observations.
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Field-based assessment of methane mitigation in rice paddies under

contrasting irrigation regimes in a subtropical region using DNDC model
Syu-Ruei Jhang **, Qi-An Yang !, Kai-Qing Zhuang %, Yu Hsuan Li %, Chih-Feng Chiang 2
! Department of Safety, Health and Environmental Engineering, National United University,
Miaoli 36063, Taiwan
2Agricultural Chemistry Division, Taiwan Agricultural Research Institute, Taichung 41362, Taiwan
Abstract

In response to growing concerns over greenhouse gas emissions from rice cultivation, water-saving irrigation
practices have increasingly been recognized as potential mitigation strategies. This study presents a comparative
evaluation of methane (CH4) emissions under two contrasting irrigation regimes—continuous flooding (CF) and
drip irrigation (DI)—based on a field experiment in a subtropical rice-growing region of Taiwan. By combining
direct field-based CHa flux measurements with process-based simulations using the DeNitrification—
DeComposition (DNDC), this work provides one of the first empirical assessments of DI-induced CHa responses
under subtropical region of Taiwan, offering diagnostic insights into how irrigation management influences
methane emission dynamics. Measured results showed that DI reduced mean CH4 emissions by 85.1% compared
with CF, while maintaining rice yield. Temporal variations in CH4 fluxes were characterized by low and stable
emissions during the fallow and maturity stages, whereas pronounced emission peaks occurred during the
vegetative stage, particularly following irrigation, fertilization and rainfall events. DNDC simulations captured
the general temporal patterns of CHa variability but showed notable discrepancies in soil moisture representation
and cumulative emission magnitudes, particularly under CF conditions. Sensitivity analysis further indicated that
simulated CHs emissions were most responsive to parameters related to soil water status and irrigation
management. This study provides field-based evidence that drip irrigation can effectively mitigate CHa emissions
from rice paddies in a subtropical region without yield penalties, and highlights the importance of hydrological
variability and event-driven processes in shaping both observed and simulated CH. dynamics.
Keyword: Rice paddy field, CHy, drip irrigation, continuous flooding, DNDC model
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Why Does PM2s Accumulate Inland?
Seasonally Distinct Roles of Autumn Sea—Land Breeze
Circulation and Winter-Spring Easterly Leeside Flow
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Abstract

Air quality deterioration over the inland and leeside plains of west-central Taiwan occurs recurrently during
different seasonal transition periods but is driven by distinct yet related meteorological mechanisms. This study
integrates long-term surface observations, intensive field measurements, ground-based remote sensing, vertical
profiles from unmanned aerial systems, and high-resolution numerical simulations to investigate multiscale
controls on inland PM_ s accumulation under two representative regimes: autumn sea—land breeze circulation and
late-winter to early-spring easterly flow associated with high-pressure peripheral circulation. During autumn,
weak synoptic forcing allows thermally driven sea—land breezes to dominate pollutant transport, with daytime
inland penetration of coastal air masses and nighttime boundary layer collapse promoting PM2 s accumulation
over inland urban areas. In contrast, during the winter-to-spring transition, persistent easterly background flow
interacting with the Central Mountain Range produces sheltered leeside environments characterized by reduced
wind speeds, low-level convergence, and shallow, stable planetary boundary layers over the west-central plains.
Under both regimes, vertical observations consistently show that elevated PM,s concentrations coincide with
boundary layer heights of only a few hundred meters and enhanced atmospheric stability, indicating strong vertical
confinement of pollutants. Mesoscale thermal circulations further modulate the leeside background flow,
enhancing inland convergence and nocturnal accumulation. Collectively, these results demonstrate that although
the dominant circulation drivers differ between seasons, inland PM, s deterioration in Taiwan is governed by a
common multiscale coupling framework in which weak synoptic forcing, terrain-modulated mesoscale
circulations, and diurnal boundary layer evolution jointly control horizontal transport and vertical dispersion. The
findings show the importance of seasonally dependent mechanisms and vertical structure observations for
understanding and forecasting air quality degradation in mountainous coastal regions.

Keyword: PM_ s accumulation, Sea—land breeze circulation, Easterly leeside flow, Boundary layer stability
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	The concentrations of PM2.5 and O3 are strongly influenced by polluted weather patterns and meteorological conditions. This study first examined these three factors—namely, pollutant concentrations, polluted weather patterns, and meteorological co...

