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A new strategy of the Machine learning based data calibration method for
boundary layer observations with a low-cost mini-radiosonde system

Shih-Hao Su'*, Min-Lun Wu!

IChinese Culture University, 2National Taiwan University

Abstract

Even today, radiosondes remain the most direct method for measuring atmospheric vertical profiles. Generally, their high
cost has limited sampling frequency in field campaigns. Low-cost mini-radiosondes now enable high-frequency, dense
3D observations, but maintaining consistent data quality across instruments is crucial. This study presents the strategies
of the machine-learning (ML) based calibration method for the novel mini-radiosonde system, Storm Tracker (ST). To
address temperature and moisture errors caused by solar radiation heating. We adopted a couple of ML modules as the
kernel for data calibration. We used the co-launch radiosonde data from ST and Vaisala-RS41 between 2018 and 2022 as
a training dataset to develop the ML model. The data calibration system can correct the temperature using the ML modules
and then calibrate the moisture based on the corrected temperature.

The results show the linear calibration model exhibits good calibration capability for observing the planetary boundary
layer (1000-700 hPa). On the other hand, the non-linear calibration model, with a more complex structure, maintains even
better calibrating performance statistically. The data correction modules mentioned above are all based on a "point-to-
point" data structure. However, for vertical atmospheric structure characteristics, such as atmospheric stability, it is likely
more important. Based on this concept, we propose a new mini-radiosonde data correction strategy that can be more
suitable for sequential data architectures. This approach integrates the sequential variation of radiosonde measurements

into the correction model.

Key words : data calibration, machine learning, radiosondes
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Quality Control Analysis of Abnormal Meteorological Observations During Typhoon Danas(2025)
Abstract

This study conducts a systematic data validation and quality control process for automatic weather station
observations during Typhoon Danas. The outlier detection procedure includes temporal and spatial consistency
checks, reference to nearby station observations and model-based estimates, as well as evaluations of siting effects.
Through multi-source comparisons and cross-validation, extreme values caused by instrument malfunction were
effectively identified and excluded. The results indicate that integrating multi-source validation and siting condition
analysis can significantly enhance data quality control performance. It is recommended that future quality control
frameworks strengthen validation logic and incorporate field inspections and model-assisted verification to ensure the

accuracy and consistency of meteorological observations.

Key words : Typhoon Danas, Data Validation, Site Effects



C Bl S e Pl B8 222 i L R P il s /ARG IR 2

ERReth EER R REE

B ATRAT] R R SR

wm E

CoRz Bl S P pR B A2 NV B+ B R B S FSE 5 A& o HE T 75 88 B BT Y {1
=Rk KB BA S ZE iy ERh it e R N S 2 e BRERiEET
(Quantitative Precipitation Estimation, QPE)fZ Mt T [H{ LAY i & =4 & BE Bhpk = IS EUHIFR
il > BFFAR S B TR TR B S - — ST S5 EEQPENRFER FH T A R A A e
YR B RE RERETI AV EERFKIEN - B0 KRR EZEE 2 BRI A 2R e S g
(REREEDHIAAR & » S b E A B (R R 2 R SR i o 5 i DU o
Ko A ERIER GBS R A 5 PR E R AR A M > Rsiized o BRIz R
B Z St s B [Pl 2R 2 QPEBR S (R = S (M) A3 2 S KB PR 2GR QPE » F1JH2025
TERRR LT > BIR E R A R BTSRRI E B S SIS - HIEAR
BRI AE R » HAEZZ R B i N B S P R M KPR R - 15515
BRI L ETE M o 45 RBURR M ER AR R (G AR R = A N B R R PR R 7
TERESTE R A R E i H R = -

B« PISKPEMEE ~ EREMGET



FRREE 114 FE=TNERRITARET &

39" Conference on Weather Analysis and Forecasting

B E BRKRIR TS MERIT 2 &

FHEE RIRRE HEES REE ERE
'R RSB R

=

R H AiE A4 M 85 222 [BDR S MER T 7S 1-2 /NI B 2-3 /NI Y TR BE 1 B0 2 B R R AR Y
T B BN R S AV L PR IR - A B AT E R RS I77E » HIGE IMEAY TR DD 5 HE T
A8 7 E B2 /K BIIE% TE#R (Quantitative Precipitation Nowcasting, QPN) > TEERAE )] - &R [E14%
AREERAEZE AT ELR G 1% - (B AR AMEE AR e M TH RS R -

PRI AR T 18 AR FSHELEMN R ERE » WA BE IR R
BEFA 17 (New Probability-matched ensemble Mean, NPM)#ETTER ZE [BEYMETERR > BRINNE
TOREVETHEAYRE - (HEL AR EIRFEEA Embs T RAPREL © Bk - 18 BRI THET
HEARERER HEEGERNMBE  HIO SR EIE MEERNE RG22 R 7R K
VRSN - B RINFFSE SRR B E -

PRILL » AWHZEHE— 2 S5 2 SRk B R A TR A R AT T U o A7 - DASRAL 2 S AE = AR

IS HEHE - #5HELE &R B EI R I - ?&&{I%EF‘B@WFEW§7K2*7%EE\: » B SE IR L
TR S ANLASIER » BT AT O B THER 25 AR MR LA W e MER B AR 1 - R Vst R & A
BRENE -

BEAN - Hr gt [FIZR B (UM P 2R B L2 AT TR RS MG B R T B - BFAS & S BEAAEA

[E SRR T BB M BRI - DIRIR AR B ME TR F e A A R BB E T -

B TE /K RIS H ¥z



R REFNAFER R EETHERA &
B i LB R K ER R M BT

BEE M5
hIRREE I RENH

=

DRI 288 B A M AR 17 2023 768 2 1 BT o " il B B R BEMIA > DR BB R Ry o
Ve P B (- 3 AL SRR IR A IR RS 22V it L P A L BB A 7 R AR R 5 PR B PR Y R
o~ SRR B S AR I R o 3% th A B 5 - A FE(E S ILESI PR B Co B
{1 28 2 DA s T PR B 0 - IR o O SRR a8 P e e Y K PR B (R R A P R
4omm/hr A b) > iREES Ry KPR 2 DU IR R EZE > BRE T & e B S e ] - o
(LS BHIRF B AR -

I T SR ZEEE BN - REL T HIARI(E FAE R AL R - HZor(Z2EREY)
B > M Koe(EL 22 BAR (L 22) Th AL B A K - B REDEEE > Zor T OZEOZHT N - 1Mo
Kop (L EAZH BT > 23EEAAR VST » HZ@ S B S e A A S R S E
40mm/hrZ FiTEE A o 111 FEK PR {18 2 H Zor it [R5 RS T H o (i 80200 12 2 %5 > {HKoe
i BT HaEs - H P BERRS R - MRSt EE R - ATDIE RS R
L2 BIRE TR Z B U AT 25 (R -

BRI RS2



RENEE FTREMAIK BT
Observational Study of Precursors to Summer Afternoon Convection
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Data Analysis and Application of Lightning Detection System
Abstract

Lightning can directly cause disasters and affect atmospheric physical and chemical changes. Lightning data
can provide disaster prevention information and can be used to monitor short-term severe weather and long-term
climate change. In short-term severe weather, lightning is a direct response to the strong thundercloud electric field,
which is generated by strong atmospheric moist convection and active precipitation of ice particles, and can help
monitor the development of thunderstorms. In long-term climate change, lightning discharges will produce lightning
nitrogen oxides, which in turn produce greenhouse gases such as ozone in the upper troposphere, affecting air quality.
Related studies in lightning climatology show that lightning increases with climate change due to the increase in cloud
ice and convection intensity. Overall, lightning provides useful information about various atmospheric processes and
provides important scientific insights into a wide range of disciplines such as weather, climate, atmospheric chemistry,
and lightning physics. In addition, lightning itself directly threatens public safety, and some recurring hotspots are even
struck repeatedly year after year. In order to analyze and apply lightning strike detection system data, this study uses
lightning data from the Central Weather Administration, Weather Risk Corporation, and Taipower Corporation to
analyze the spatiotemporal distribution characteristics of lightning and explore its correlation with short-term weather

and long-term climate.

Key words : Lightning
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Abstract

Taiwan is a mountainous island in the subtropics, where snowfall can occur at high altitudes during winter and
spring. However, complex terrain, limited observations, and model resolution constraints make snowfall forecasting
difficult. This study uses Yushan Weather Station to examine historical solid precipitation characteristics and focuses
on the 2024/2025 winter-spring season to verify forecasts and analyze related meteorological parameters. Results
show snowfall mostly occurs from November to April, especially from January to March, with snow being the most
common type, followed by ice pellets, snow grains, graupel, and freezing rain. During 2024/2025, solid precipitation
was also reported at altitudes above 3000 meters, such as Mount Syue and Mount Hehuan, and at altitudes of
15002000 meters, such as Taipingshan and Wuling Farm. Events were linked to lower freezing levels and deeper
moisture layers. ECMWF ensemble forecasts provided useful guidance for near-term and significant events, though

terrain mismatch must be considered.

Key words: High mountains areas of Taiwan, solid precipitation, snow forecast, ensemble precipitation-type

probability forecast
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Abstract

The heavy rainfall events on 12-13 June 2025 (TD02, Case 1) and 21-22 September 2024 (TD19, Case 2) due to
the influence of tropical depressions brought severe flash floods with landslides, damage of roads, houses and crops in
Taiwan areas. The objective of this research is to realize the large-scale dynamic conditions, and furthermore, the
physical mechanisms from the mesoscale point of views to find out the approximate approaches for disaster
prevention and early warning.

The primary findings for Case 1 suggest that under the influence of Pacific High and TS Wutip (%), a
convergent effect of southeasterly steering flow was located off the east and northeast area of Taiwan in an intensely
unstable environment, and this weather pattern made TDO02 propagate northwestward in moving speed~15 mys.
Furthermore, just before the landfall at Fengbin, Hualien ({ZEE25%), its vertical structure was in a tilt form and a
secondary vortex was obvious at the south-southwest flank of the primary one, probably organized by the Taiwan
complex terrain and mountains. The low-pressure belt was formed and shifted northward near the south coast of
Taiwan, and, combining the circulation flow of Pacific High, the southwesterly flow with moist and warm air resulted
in the heavy rainfall over the south part of Taiwan with maximum hourly rainfall rate of 89 mm (S X&) and daily
rainfall rate of 239 mm (FF5EEH), respectively. Also, in Case 2, the vigorous water vapor was delivered from the
South China Sea to Taiwan, Japan and Korea areas, and the positive vorticity in low level and negative vorticity in
high level off the northeast coast of Taiwan brought an unstable environment for maintenance of TD. Again, the
coupling effect of Taiwan terrain and circulation of TD19 as well as the intrusion of a cold moist tongue from the east
coast of China to the north coast of Taiwan triggered the initiation and development of deep convection between
TD19 and Taiwan topography. Based on the radar observations, the cloud top of the well-defined deep convection
could reach more than 10km in altitude, and it resulted in the maximum hourly and daily rainfall rates were 102mm
CHTIE=3055) and 369mm GHrIE2), respectively.

The forecasts of TD track, duration of stay, amount of accumulated rainfall and intensity of wind field are the key
factors for disaster preparation, and more information input for nowcasting is quite significant for well preparation,
including intensive satellite and radar observations. Hopefully, the preliminary concept models combined from these
two catastrophic flooding cases could offer a multiscale weather scenario for the early warning of disaster.

Key words : tropical depression, flash flood, disaster prevention



A P RRRE 114 R =T NER R TR T
- YTRERTHR —

TN FREAV R T GRS BPHEaA)
W RS RS » T T RS “Times New Roman”FR8 - FIF A/ NAHSCHR
ZEWORD 5] -

HsZ English
(—) &EH .16 1. title : 14 points, bold
(&) 1EEMEML 10 2. Author(s) and affiliation(s) : 10 points, bold
(2 B# 14 3. paragraph heading : 12 points bold
oy IE 110 BE 4. other : 10 points
(F) &K=0:A4(1E 5051, 246/51],225F/1#) 5. size :A4(60 rows X 2 col./page)

() #HIE:A4ARTRE A R BT822 0% 6.scope:2cm left from edge on right, left, and top



AWIPS-II NSHARP FEERBHIERITA R RABE P HVE R ER

Practical Application of AWIPS-II NSHARP during
Special Weather in Taiwan Area

MEE (Lin, Ting-1)

PR EETRRIL

Meteorological Forecast Center, Central Weather Administration

W B

NSHARP SESEE{EZAER L (SPC) AHIZERET L (AWC) THEREAIAER Skew-T [E]~E{E
IS TEREE MRV LA - i NCEP fHs A\ ElEisE] AWIPS-IL iy "HEfds , » ficky AWIPS A
UL (CAVE) HYRHRGE Y - Aty 2 SRR AR RSROIMTT R 2R - N EiEe it
RERFSREZEITSE > DUGRE NSHARP fER B 3B - (R AR T a7 A B
B BRI RCE T EE - AACERENEEREA T B B W B2 BGE TERE - KRR aE
ERPARRE I > TolE AWIPSITNSHARP DhRESHEE ] -

g © AWIPS-II NSHARP, Skew-T, Hodograph
Abstract

NSHAREP, a tool used by the U.S. Storm Prediction Center (SPC) and the Aviation Weather Center (AWC)
forecasters for displaying Skew-T plots, Hodograph, and various stability indices, was transferred from the NCEP
developers to the AWIPS-II “plug-in software”, which is an integral part of the AWIPS Visualization Environment
(CAVE). This report focuses on the application of NSHARP in weather analysis, including a case study of special weather
in Taiwan to verify the applicability of NSHARP in localization. The research results are generally in line with
expectations, and have good value for local actual operations in weather diagnosis and analysis. In the future, if we can
strengthen the establishment of a local statistical database of physical parameters, it will be more in line with the
characteristics of the special weather changes in Taiwan, and the function of AWIPS-II NSHARP will be utilized to the
fullest extent.

Key words: AWIPS-II NSHARP, Skew-T, Hodograph
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Abstract

In using the GNSS reflectometry method to retrieve the information of wind over an ocean surface, a physical
parameter of great importance is the roughness of ocean surface which is due to wind driven waves essentially. In
considering the power of GNSS signals scattered from the ocean surface (Juang et al. 2016), the mean square slope of
waves on the ocean surface plays a key role affecting the normalized bistatic radar cross section (NBRCS). For
characterizing the roughness of ocean surface, in fact they are three ways readily found in the literature, namely, the
roughness height ks characterizing a fully-roughened flat-plate turbulent boundary layer (Clauser 1956; Schlichting 1968)
since the atmospheric boundary layer under consideration can be regarded as one of this kind, the roughness length zo
which is appeared in an empirical relation concerned with the phenomenon of the air-sea interaction (Charnock 1955),

and the mean square slope of waves, MSS, mentioned above. In this study, a comparison of the three quantities was



enabled with the wind and wave data obtained simultaneously on an offshore met tower near Taichung Harbor. A
correlation between the two quantities of ks and zo was examined over a range of wind speeds based on the data obtained
from an ultrasonic anemometer. Theoretically speaking, ks and zo should be correlated because they are introduced in
the respective log-law velocity profiles. Along with the MSS values reduced from the wave gauges on the met tower, a
correlation between MSS and ks (or zo), which were non-dimensionalized by the friction velocity (u*) and the kinematic
viscosity of air (v), was examined as well. It is worthwhile to mention that the MSS values reduced from the present
wave data were in good agreement with those reported by CYGNSS mission at the locations near the met tower within a
distance less than 70 km.

This work is supported by TASA under the contract number: TASA-S-1130505. Acknowledgement should also be

given to Taiwan Generations Corp. for the use of the offshore met tower.
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Abstract

This study investigates wind direction discrepancies at different locations along the west coast of Taiwan during

strong northeast monsoon events. A total of 20 representative monsoon cases were selected during two periods of time:



October 2016 to March 2017, and October 2022 to March 2023. Wind measurements were obtained from three
meteorological masts: the Taipower (TP) offshore mast (approximately 6 km offshore, 95 m height), the Taiwan
Generations Corp. (TGC) offshore mast (approximately 8 km offshore, 86 m height), and the BSMI onshore mast in
Qingshui, Taichung (approximately 100 m height). A total of 11 (2016-2017) and 9 (2022-2023) strong monsoon
events were collected for comparison. All data underwent quality control based on Tests 6, 7, and 8 as defined in the
Manual for Real-Time Quality Control of Coastal and Oceanic Wind Observations published by NOAA (2003),
ensuring logical consistency and data reliability. The overall data rejection rate was below 1%, with the exception of
Test 7, which flagged approximately 5% of the records which revealed no significant issues by visual inspection.
While the NOAA manual is designed for U.S. coastal and atmospheric environments, it remains a commonly
referenced guideline in the absence of a Taiwan-specific quality control standard for wind data.

The results revealed significant discrepancies in wind direction between the locations of the offshore and onshore
masts. During 20162017, the TP offshore mast recorded a mean wind direction of 316.02° (NNW), while BSMI
recorded 29.58° (NNE), with a difference of over 70°. In 2022-2023, TGC offshore mast recorded 345.71°, and
BSMI recorded 28.69°, with a difference exceeding 40°. Surface weather charts showed a stable northeasterly flow
during these events, and ground-level observations in Taichung also indicated typical northeast wind direction.
However, the offshore masts showed a northwesterly direction, suggesting that the wind direction shifted with the
locations of the wind masts.

Multiple mechanisms may contribute to this discrepancy, including the Ekman spiral effect, differences in surface
roughness between ocean and land, and terrain-induced channeling or deflection. While Ekman theory suggests
clockwise turning of wind with height in the Northern Hemisphere, it is generally accepted that within the first 100
meters above ground, the turning angle is rather limited (Tse et al., 2016). Additional factors such as local terrain
effects and surface friction may significantly influence the wind direction in atmospheric boundary layer subjected to
different weather conditions (Pena et al. 2014).

This study demonstrates that along the west coast of Taiwan, the atmospheric boundary layers at different locations
show substantial wind direction shifts at the elevation height of 100 m, which could be due to the effects of surface
friction and terrain topology. These findings highlight the importance of accounting for spatial wind variability and

boundary layer processes in offshore wind resource assessments.

Acknowledgment is given to Bureau of Standards, Metrology and Inspection (BSMI), Taipower Company and
Taiwan Generations Corp. for the meteorological wind data available to this study.
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Abstract

Doppler lidar measurements made at Taichung Harbor in February 2025 unveiled that when strong north-east wind
prevailed the atmospheric boundary layer can be treated as a time-averaged two-dimensional boundary layer with a
thickness up to 1 km, capped by a thermal inversion layer of 0.5 km in thickness. This observation provides a physical
ground for an analysis on the atmospheric boundary layer over the ocean surface offshore Taichung Harbor. The analysis
was enabled with the wind and wave data obtained from an offshore met tower near the harbor. By assuming that the
boundary layer is fully roughened by waves on the ocean surface, the characteristic roughness height was reduced from a
log velocity profile (Clauser 1956; Schlichting 1968). Since at the ocean surface the viscous force is balanced by the
pressure gradient (White 1975), the pressure gradient term was successfully evaluated with a near-wall velocity profile by
adopting an expression inspired by Spalding (1962). Subsequently, a momentum budget analysis for flow in the
freestream was carried out, in which two forcing terms of the pressure gradient and the Coriolis force are included
(Pedlosky 1979). As a result, it is found that the pressure gradient effect is predominant over the Coriolis force effect in

this case.

Key words: Doppler Lidar, Northeast Monsoon, atmospheric boundary layer
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Abstract

During the period from February 6 to April 29, 2025, a Doppler Lidar (Halo Photonics Stream Line XR+), on loan
from the Central Weather Administration (CWA), was employed to collect the data on the atmospheric boundary layer
during the Northeast Monsoon season. On February 8, 2025, which was the day the Northeast Monsoon arrived, wind
speeds steadily maintained around 20-25 nv/s with wind directions relatively stable at 20°-30° at the elevation 100 m to
700 m. Between the elevation 700 m to 1500 m wind speed gradually decreased to 0 m/s with the wind direction
remained. Above the elevation 1500 m, the wind direction shifted drastically to approximately 220° (southwesterly) and
transitioned to 270° (westerly) with increasing altitude. This transformation in freestream wind speed and direction was
also observed in the sounding balloon data released from Penghu Island at the same time. The temperature inversion layer,
shown in a slant temperature profile, indicates a temperature increase from 1000 m to 1500 m altitude. Based on the
estimation of a Richardson number of 0.3, this suggests a stable atmospheric boundary layer with minimal turbulence.
The structure of the atmospheric boundary layer mentioned above was repeatedly seen in the scanning lidar data when
the northeast wind prevailed.

Key words: Doppler Lidar, Northeast Monsoon, atmospheric boundary layer
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Evaluation of GPM DPR Rain Parameters with North Taiwan Disdrometers
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Abstract

Global precipitation demonstrates a substantial role in the hydrological cycle and offers tremendous
implications in hydrometeorological studies. Advanced remote sensing instrumentations, such as the NASA
Global Precipitation Measurement (GPM) mission Dual-Frequency Precipitation Radar (DPR), can estimate
precipitation and cloud properties and have a unique capability to estimate the raindrop size information
globally at snapshots in time. The present study validates the Level-2 data products of the GPM DPR with
the long-term measurements of seven north Taiwan Joss—Waldvogel disdrometers from 2014 to 2022. The
precipitation and drop size distribution parameters like rainfall rate (R; mm h—1), radar reflectivity factor
(dBZ), mass-weighted mean drop diameter (Dm; mm), and normalized intercept parameter (N,; m > mm ')
of the GPM DPR are compared with the disdrometers. Four different comparison approaches (point match,
5-km average, 10-km average, and optimal method) are used for the validation; among these four, the
optimal strategy provided reasonable agreement between the GPM DPR and the disdrometers. The GPM
DPR revealed superior performance in estimating the rain parameters in stratiform precipitation than the
convective precipitation. Irrespective of algorithm type (dual- or single-frequency algorithm), sensitivity
analysis revealed superior agreement for the mass-weighted mean diameter and inferior agreement for the

normalized intercept parameter.

Keywords: GPM DPR, disdrometers, north Taiwan.
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Abstract

This study examines the rain microphysics of tropical cyclones (TCs) that experience rapid intensification
(RI) and slow intensification (SI) over the North Indian Ocean (NIO) between 2014 and 2023, with a focus on the
Arabian Sea (AS) and Bay of Bengal (BOB). Out of the 114 TCs recorded, 42 underwent intensification, with 22
classified as RI and 20 as SI. The probability density functions (PDFs) of key rain microphysical parameters differ
according to intensification mode (RI vs SI) and precipitation type (total, stratiform, and convective). Storm height is
found to be slightly greater in RI TCs compared to SI TCs, particularly in convective systems, highlighting the
structural differences between the two categories. The contour frequency by altitude diagrams and vertical mean
profiles show that RI TCs exhibit higher rain rates (R), stronger reflectivity (Z), larger drop sizes (D), and lower drop
concentrations (V,,) compared to SI TCs. These findings could be used to improve the ability to predict RI from SI in

TCs.
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Abstract

With the advancement of renewable energy policies, solar photovoltaic (PV) systems have been widely
installed in campuses and urban areas; however, their actual impacts on local microclimates remain to be clarified. In
this study, we deployed ground-based mobile monitoring systems, self-developed miniature temperature and
humidity sensors, and thermal imagers at multiple sites including National Central University and Taoyuan Senior
High School. Through radiative and meteorological observations, we analyzed microclimate changes in temperature,
humidity, radiation, and wind fields near PV installations under different weather conditions and wind regimes. In
addition, we incorporated one-dimensional land surface process models to simulate various land use types and
parameter adjustments, which can help assess environmentally friendly strategies for future PV site deployments. This
study provides scientific references for urban heat island mitigation, sustainable energy planning, and campus

microclimate management.

Key words : solar photovoltaics, microclimate, urban heat island
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A Comparison of Chiayi Airport on August 6 and 7.
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Abstract

From August 6 to 7, 2022, under weak synoptic environment of the Pacific High, a convergence of north and
south winds in Tainan, which, combined with thermal effects, led to strong afternoon thunderstorm (AT). On August
6, AT was stagnated away 8 to 16 km from southeast of Chiayi Airport, influenced by north winds from 3 to 10 km.
On August 7, north winds from the surface to 2 km (800 hPa) caused AT to move south. As these ATs matured, south
winds from 3 to 6 km (450 hPa) pushed them north, resulting in heavy rainfall at Chiayi Airport. In conclusion, the
wind field from the surface to 3 km helps predict AT formation, while the movement of the ATs is influenced by the
wind field at altitudes from 3 to 6 km.

Key words : Chiayi Airport, afternoon thunderstorms (ATs), X-band radar, precipitation structure.



Microphysical Characteristics of Heavy to Extremely Heavy Rainfall Events Over Taiwan
Jayalakshmi JANAPATI'™, Balaji Kumar SEELA'2, Pay-Liam LIN"
"National Central University, Taiwan, 2Academia Sinica, Taiwan

Heavy to extremely heavy rainfall events are the major source of flash floods, landslides and agricultural
damage. An increase in heavy rainfall events, more particularly in between May to September months,
over Taiwan necessitate for the detailed investigation. The present study is aimed to investigate the
spatial and temporal variations in the heavy rainfall events over Taiwan. Long-term data sets from the
ground-based rain gauges, disdrometers, airborne radars (TRMM/GPM DPR) are used to investigate
the rainfall and microphysical attributes of heavy rainfall events. The results showed higher occurrence
frequency of heavy rainfall events over central Taiwan than the rest of the island. The contour frequency
by altitude diagram of rainfall and raindrop size distribution estimates from the GPM DPR data products
revealed contrasts in the microphysical features of heavy rainfall events across Taiwan. Apart from this,
Modern-Era Retrospective analysis for Research and Applications, Versions2 (MERRA-2), re-analysis.
Moderate Resolution imaging spectroradiometer (MODIS) and re-analysis data sets are also used to

explore the influence of aerosol-cloud interactions on heavy rainfall events over Taiwan.
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Deployment and Assessment of MPAS-A at Taiwan’s Central Weather
Administration

'Wu, Y.-J., 2W. Wang, 'H.-L. Huang 'P.-S. Lin, 'L.-F. Hsiao
1Central Weather Administration, Taiwan
2University Corporation for Atmospheric Research, Boulder, Colorado

The Model for Prediction Across Scales—Atmosphere (MPAS-A) is being evaluated as a
prospective next-generation regional forecast model for the Central Weather Administration (CWA) of
Taiwan. Prior research has identified a persistent negative pressure bias aloft on the downstream side of
south-central China during winter when the Tibetan Plateau is included within the MPAS simulation
domain. This upper-level pressure anomaly may further influence springtime cyclogenesis, altering the
intensity of developing systems as well as the timing of frontal passages and associated moisture
transport affecting Taiwan.

To further assess MPAS-A’s performance, a series of variable-resolution mesh experiments were
conducted to investigate the impact of the regional modeling domain on forecast quality. Preliminary
results indicate that overall model errors are substantially larger in magnitude than the variations
introduced by modifying the regional domain coverage. Additionally, quantitative precipitation forecast
(QPF) skill was evaluated against the current operational Weather Research and Forecasting (WRF)
model. In selected 2024 afternoon thunderstorm cases over Taiwan, MPAS-A demonstrated superior

QPF performance compared to WREF, regardless of differences in model configuration.

Key words : MPAS-A, variable mesh, regional modeling
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Track Deflection of Intense Tropical Cyclones Past
a Mountain Range as Explored by Idealized Simulations
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Investigation of the Stagnation and Dissipation Mechanisms of Typhoon Krathon (2024)
Using the MPAS Regional Model
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A Numerical Study of the Tornado-Like Vortex Event over Oahu, Hawaii, on
8 June 2003
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Research Center of Environmental Changes, Academia Sinica
“Hawaii University, USA, *Howard University, USA

=

FEIEIENTE S PR RERET T 200356 H FLEH &t B0y — JGRIE R B - HARMS AT
—IGERAGREIE R - BMEMBUABRR DT T B EFEERERIP RARER R - LRI It
EFAVRTZEEE LS AR Y BE R AT 1 PR P AR S - Bl AR - K
({5 I e b T R T AR B R F IR AV T RIS ) - 40ORAVEE MR - 58K
BT o BRI T SR iE R - B AU B L EAIER - B
2B AE T B e BT A E TR EhH ISR oA - SEI T SRRV - MY
GERRY] > RS2 LR E MR - B S HIEIR SRS Z A A E A
AR o HRPYEREERIENR S 800 NICRA - AT AT AR T —(E98hE - Mtk - il
ETERERUE - ARSI ASUEL TIRITE - 58 T _EEEY TR © EEEiE
[EASREFE EUB HETE THER B R ED o FRMAVIAZEAS SR 7T 58 A B U BUE R R PR A -
A B R R S TR S SR KSR B

BHEET - B M LG > SIRUEFEEE - ST
Abstract

In this study, we revisit a heavy rainfall event over central Oahu in June 2003, during which a
rare weak tornado occurred. We used a numerical model to analyze the meteorological conditions
that led to the formation of the tornado. Previous studies on this event have analyzed convection
initiation over the semiarid region using a numerical model with 1.5-km grids. By contrast, we used
an ultra-high-resolution model to simulate the formation and movement of the tornado-like vortex.
An appropriate grid size of 40 m, coupled with the large-eddy simulation method, successfully
reproduced the weak vortex event. This simulation facilitated a detailed analysis of the vortex’s
initialization and downstream movement, demonstrating the model’s effectiveness despite minor
discrepancies in the tornado’s exact location. Our results indicated that the tornado event was
influenced by the interactions among Oahu’s local land and sea breeze, thermally induced
convective systems, and topography. A weak vortex formed near the ground due to downdrafts
from the land-sea breeze and convective systems. Subsequently, through the coupling effect of the
upper and lower layers, the incoming convective system exerted a suction effect that enhanced the
upper-level downdrafts. This process allowed the tornado vortex to connect from the top to the



bottom. Our findings may help improve numerical weather prediction models and assist forecasters
in predicting similar weather events over tropical islands.

Key words : bottom-up coupling, weak island tornadoes, ultra-high resolution



Effect of Low-level Jets on the Movement of the Mei-yu Front

Mu-Qun HUANG™"™, Pay-Liam LIN"™, Chuan-Chi TU", Shuwei HSU", Yi-Leng CHEN?"

"National Central University, Taiwan, 2University of Hawaii at Manoa, United States
During Taiwan's Mei-Yu season, abundant moisture transported by low-level southwesterly monsoons
frequently causes heavy rainfall events. On June 2, 2017, a Mei-Yu frontal case, influenced by favorable
synoptic conditions and northern terrain blocking effects, produced 645.5 mm of accumulated
precipitation in northern Taiwan. With barrier jets observed along Taiwan's western coast, this study
employed numerical simulations and four sensitivity experiments to investigate how barrier jet intensity
affects Mei-Yu frontal movement and precipitation distribution. The researchers designed sensitivity
experiments including complete terrain removal, southern mountain terrain modification (half-height and
complete removal), and barrier jet enhancement, while preserving northern Taiwan's complex
topographic influence. Results revealed that enhanced barrier jets significantly impeded the southward
movement of the Mei-Yu front, concentrating rainfall and increasing precipitation accumulation.
Conversely, weakened barrier jets allowed rapid southward frontal propagation, dispersing rainfall areas
and notably reducing accumulated precipitation. This study clearly demonstrates that barrier jets play a
crucial role in modulating Mei-Yu frontal movement and the development of heavy rainfall events in
northern Taiwan, which has significant implications for improving extreme precipitation forecasting

capabilities in northern Taiwan.
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Performances of Regional Model for Prediction Across
Scales (MPAS) in Simulations of Typhoon Gaemi (2024)
impinging Taiwan

&1£%' (Sul.-H.) ¥=55H’ (Huang C.-Y.)
INational Central University

Abstract

This study utilizes the regional version of Model for Prediction Across Scales (MPAS) to investigate the track
deflection of typhoon Gaemi in 2024. In previous experiments, the results reveal that when the domain is enlarged
beyond a certain threshold, the simulation results such as typhoon track may resemble those produced using a global
domain configuration. This finding suggests that an appropriately chosen limited-area domain can effectively
reproduce key features of a tropical cyclone while reducing computational costs.

Based on the preliminary domain tests, this study applied a regional domain at 20-2 km resolution to simulate
Typhoon Gaemi (2024) associated with a looping track offshore near northern Taiwan. Due to the topographic
influence of the Central Mountain Range (CMR), Gaemi took a southward deflection caused by the effect of flow
channeling near east of the central CMR, then followed with a rapid north turn to form a looping track. Compared
with the global MPAS simulations at 60-15-1 resolution, this study aims to explore how well regional MPAS captures
the track and intensity of Gaemi. Different physic schemes were tested for an optimal simulation of Gaemi’s track
looping and potential vorticity budget analyses then were conducted for illustrating the typhoon structure and motion
at the looping stage in this study.

Key words : Regional Model for Prediction Across Scales (Regional MPAS), Potential Vorticity (PV), Dynamic Vortex
Initialization (DVI)
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Evaluation of the Benefits of Data Assimilation for Near-Surface
Coastal Radar Data in Taiwan
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Integration of Dual-Polarization Radar Data Assimilation with the
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The Role of Moist Absolutely Unstable Layer (MAUL) in Orographic
Precipitation: A Case Study from TAHOPE IOP 2
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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 (MAULs; 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 MAULSs 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)

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-0. 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 MAULSs extending from near the surface up
to ~5 km altitude. Trajectory analysis reveals that these MAULSs 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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Application of Stochastic Parameter Perturbation (SPP) Scheme in

the YSU PBL Parameterization

Abstract
The Taiwan Central Weather Administration’s operational WRF-model based regional ensemble, the WRF

Ensemble Prediction System (WEPS), generates 20 ensemble members using multiple physics schemes, initial
condition perturbations, and lateral boundary condition perturbations. However, the use of multiple physics schemes can
lead to forecast clustering and maintenance challenges. Therefore, the future plan aims to gradually replace the multiple
physics schemes with a single physical parameterization suite combined with Stochastically Perturbed Parametrizations
(SPP), a commonly used perturbation method in operational models. SPP introduces random perturbations to specific
physical parameters or variables, creating stochastic variability based on changes in physical characteristics, thereby

increasing the ensemble spread.

We initially applied SPP to the Yonsei University (Y SU) planetary boundary layer (PBL) scheme. Various
physical parameters within the YSU scheme were perturbed, including those in the K-theory formula for PBL, as well as



constants related to PBL mixing and stability. The impact of perturbing individual and combinations of YSU PBL
variables on the spread of WEPS forecasts was assessed. The results show that introducing SPP perturbations to the
YSU scheme indeed improves both forecast accuracy and spread compared to corresponding ensemble forecasts
without SPP, leading to an improved spread-error relationship. These findings are promising and suggest it may be possible to
eventually simplify the complex structure of the multi-physics WEPS configurations with a single PBL scheme and SPP.

KEYWORDS: Ensembles; Stochastically Perturbed Parametrizations (SPP); YSU PBL Scheme
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Characteristics of East Asian monsoon cycle represented by the western Pacific-
Indian Ocean regional low-level circulation types and the relationship with
ENSO

Yin-Min Cho and Mong-Ming Lu
Dept. of Atmospheric Sciences, National Taiwan University

Abstract

The East Asian monsoon cycle is identified by the western Pacific-Indian Ocean regional low-level circulation
weather types (WTs) of daily 850hPa winds from 1979 to 2024 based on the ERAS data. The intensity of the East Asian
summer and winter monsoons are well represented by different kinds of WT evolution. Nine low-level circulation types
were identified. We found that a strong (weak) winter monsoon tends to follow a strong (weak) summer monsoon. The
in-phase relationship between the summer and winter monsoon is driven by the ENSO. A strong (weak) summer monsoon
tends to occur during an La Nifia (El Nifio) developing year. The winter monsoon is strong (weak) during La Nifa (EI
Nifio) winters. However, a strong or weak summer monsoon has no clear relationship with its preceding winter monsoon.
Anomaly anticyclone circulation (strong summer monsoon) over the SCS and PHS associated with the strong SST
anomalies are observed during La Nifia developing summers, which represents a summer monsoon condition. When the
strong SST anomalies move eastward along with the La Nifia, the SCS is cover by strong cyclone circulation (strong

winter monsoon).

Key words: East Asian monsoon, low-level circulation weather types, ENSO
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Abstract

The South Asian High (SAH) is the most important upper tropospheric summer system
over Asia. This study aims to analyze the variability of the SAH and its relationship with
the mid-latitude waves. The SAH in this study is represented by the geopotential height
at 200 hPa (Z200). Its extent is defined by the 12520-gpm contour at 200 hPa, which
covers the region of (20-35°N, 40-110°E) based on the 44 years of climatological mean.
Within this region, the maximum Z200 tends to occur over the Iranian Plateau (45-65°E)
and the Tibetan Plateau (80-100°E). The SAH variability is further investigated by EOF
analysis of the Z200 over the SAH region. The spatial pattern of the first mode displays a
monopole structure with its center to the north of the Iranian Plateau. The spatial pattern
of the second mode exhibits a dipole structure in east-west direction. The dipole structure
comprises the primary variation center over the northeast of the Tibetan Plateau,
accompanied by a secondary variation center with a reverse sign to the north of the
Iranian Plateau. The variation centers of SAH variability are all located near its northern
boundary where the Asian westerly jet exists. The tripole spatial structure in east-west
direction of the third mode reflects geographical enhancement of the eddies trapped
within the jet stream waveguide. The temporal variability of the leading modes shows
two distinct timescales: quasi-biweekly (10-20 days) and quasi-monthly (20-40 days).
The quasi-biweekly perturbations over the SAH appear as the perturbations intruding
from higher latitudes to the north of the Iranian Plateau and the northeast of the Tibetan
Plateau. The quasi-monthly perturbations are strongly influenced by blocking or trough
patterns between 30-60°E, situated to the northwest of the Iranian Plateau. The wave
train passing through the north of the SAH, characterized by several eddies trapped
within the jet stream waveguide, can be observed on both the 10-20-day and the 20-40-
day timescales. Finally, we use the 1989 summer to illustrate that the variability of the
SAH on the quasi-biweekly timescale is associated with eddies embedded in the jet
stream waveguide, with some influenced by the southward penetration of mid-latitude
waves originating from 50°N or further north in the longitude range of 60-90°E and 90-
120°E.

Key words : Asian summer monsoon, South Asian High, Quasi-biweekly oscillations
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Biases in stratosphere—troposphere coupling in subseasonal forecast
systems

Simon Lee

School of Earth and Environmental Sciences, University of St Andrews

Abstract
Differences between a model’s climate and the climate of the real world — known as model biases — are a ubiquitous problem in
climate modelling. Biases can arise due to fundamental errors, model resolution, parameterisations or circulation feedbacks owing to
the former. For initialised models used in weather and climate prediction, the evolution of the atmospheric state from the initialised,
real-world climate toward the model’s mean state — the ‘drift” — occurs rapidly during the subseasonal-to-seasonal (S2S) timescale

(from 15 days to 2 months ahead).

As part of a recent community effort by the APARC Stratospheric Network for the Assessment of Predictability (SNAP), we analyse
biases in the polar vortex and associated stratosphere-troposphere coupling in S2S forecast systems. Here I will focus on results for the

Northern Hemisphere winter, and present a set of diagnostics which can be used in model evaluation and development.
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The influences of ISO modulation on Tropical cyclone
activity to the Philippines

Lai Tzu-Ling' Chen Jau-Ming'

"Department of Maritime Information and Technology, National Kaohsiung University of Science and
Technology, Kaohsiung, Taiwan

Abstract

This study demonstrates that the 30-60-day intraseasonal oscillation (ISO) systematically affect tropical
cyclones (TCs) originating from the western North Pacific (WNP) to affect the Philippines. During the convective
ISO phases, TCs affecting the Philippines (TCs-PH) via a westward-northwestward (W-NW) path are mainly
modulated by a zonally-extended anomalous cyclone across the Philippines. During June-October (JJASO), the WNP
TCs follow anomalous easterly/southeasterly flows in the northem section of an anomalous cyclone toward the
northern (southern) sector of the Philippines when the cyclonic center situates north (south) of 150N. During the
non-convective ISO phases, TC movement toward the Philippines is influenced by anomalous easterly/southeasterly
flows in the southern section of an anomalous anticyclone over the northwestern WNP. Over the 1200-1400E zone,
these anomalous flows expanding southward to regions south (north) of 150N result in TC tracks toward the southern
(northern) sector of the Philippines. For both the convective and non-convective phases, ISO modulations on TCs
with a W-NW path into the southern sector of the Philippines exhibit similar processes between JJASO and
November-December (ND). TCs-PH turning northward during JJASO mainly follow anomalous southeasterly flows
in the northeastern part of an anomalous cyclone stretching northwestward from the Philippines toward Taiwan during
the convective phases. During the non-convective phases, TCs-PH move from the Philippines toward an anomalous

cyclone extending from Taiwan to southeastern China to result in a northward track. .

Key words : Tropical cyclone, The Philippines, Intraseasonal oscillation modulation



MJO Influence on Philippine Extreme Rainfall Frequency Associated with
Spring to Summer South China Sea Climatological Intraseasonal Oscillation
Mode and Westerly Monsoon Onset

Yun-Ting Jhu' and Mong-Ming Lu’
International Integrated Systems, Inc.

INational Taiwan University

Abstract

The East Asian monsoon system shows strong annual cycle with the wet season in summer and dry in winter. Apart from
the annual cycle, the monsoon system exhibits distinct climatological intraseasonal oscillations (CISOs) (Wang and Xu
1997), also known as the fast annual cycle (LinHo and Wang 2002). This study focuses on investigating the relationship
between CISOs, South China Sea (SCS) westerly summer monsoon onset, and the commencement of Philippine rainy
season. The SCS-CISO mode during the spring to summer transition period (March-June) is determined as the
intraseasonal (20-73 days) variations of the area (10°-20°N, 110°E-120°E) mean OLR data during the 44 years from
1979-2022. A statistically significant dry (wet) singularity over the SCS is identified with the positive (dry) peak in early
May and negative (wet) valley in late May. When an individual-year SCS-CISO mode shows distinct shift from dry to
wet during the time window from mid-April to early-June (pentads 22-31) and the wet phase coincides with the wet
singularity, the year is identified as a year of normal SCS-CISO. It turns out that 72% of the 22 normal SCS-CISO years
show concurrent wet SCS-CISO and westerly monsoon onset, and about one half of the concurrency was influenced by
MJO through an intensified southwest-northeast oriented moisture transport path from Indian Ocean extended to northern
SCS and extratropical western North Pacific. The extended moisture transport path is associated with a MJO-Rossby
wave like anomalous cyclonic circulation. It can enhance the Taiwan-Okinawa Mei-yu front and the extreme rainfall over
northern Philippines. However, the fact that only in one half of the normal SCS-CISO years showing MJO influence

suggests the spring to summer fast annual cycle and CISO over the SCS cannot be fully explained by MJO.

Keywords: South China Sea summer monsoon, Climatological intraseasonal oscillations, Madden-Julian Oscillation,

Extreme rainfall
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The Evaluation of CWA Seasonal Forecast Model
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Abstract

Short-term climate models, which generate forecasts months in
advance, have become essential tools in climate prediction. These
models provide critical information for sectors such as agriculture,
water resource management, energy planning, and disaster
preparedness. Seasonal forecasts—long-range projections of climate
conditions—aim to anticipate general trends in temperature
variability and precipitation patterns by simulating key drivers such
as atmospheric circulation and sea surface temperature. A key
challenge in seasonal forecasting lies in the accurate prediction of
extreme climate events, which often have significant socio-economic
consequences. By systematically examining model performance in
representing historically warm, cold, wet, and dry events, the study
provides insights into the relative strengths and limitations of each
model, offering guidance for improving operational seasonal

forecasts and enhancing preparedness for future extremes.

Key Words : Seasonal Forecast
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Abstract

This study, based on station data and the heatwave event detection method (Lo et al., 2021), is applied to
high-resolution TaiSA grid data to investigate the occurrence and temporal trends of heatwave events in Taiwan
from 1991 to 2023. The study found that heatwave events in the four regions of Taiwan (North, Central, South,
East) show a gradual increasing trend, with the event durations also expanding, characterized by an earlier onset
and later end. In the southern region, heatwave events exhibit a fluctuating distribution, which may be related to
changes in atmospheric conditions or other climatic factors. Additionally, event detection using the high-resolution
TaiSA grid data revealed that heatwave events in the northern and central regions primarily occur from June to
August, while those in the southern region span a broader timeframe, with the eastern region experiencing

heatwaves primarily during the peak summer months.

Past studies indicate that extreme heat events are typically associated with large-scale atmospheric patterns such as
southwest monsoonal flow, typhoons or peripheral circulation, and the dominant influence of the Pacific
subtropical high. Through classification and analysis of the heatwave events, this study found that the heatwave
types across Taiwan differ significantly. In the central region, heatwaves are mainly linked to high-pressure
systems and fronts; in the southern region, heatwave events are more likely to be influenced by fronts and

southwest winds, which lead to more extreme temperatures. In the northern and eastern regions, heatwave events



are more common during mid-summer, with some events potentially associated with tropical systems (such as
typhoons or tropical depressions). However, the precise environmental conditions within these regions require
further detailed data analysis for clarification. By investigating heatwave events, this study aims to deepen the
understanding of the occurrence patterns of heatwaves across Taiwan and provide insights for future predictions

and responses to extreme climate events.

Key words : Heatwave, High temperature events
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Abstract

Weather forecasting for localized rainfall in Taiwan remains an area with room for improvement. Due to
Taiwan’s complex terrain, the limited grid resolution of numerical weather prediction models constrains their
ability to fully simulate fine-scale topographic features, resulting in underestimation of localized heavy rainfall.
As a result, human forecaster experience continues to play a critical role in identifying rainfall events not
captured by models and issuing timely early warnings.

Since 2024, our team has been producing daily regional rainfall forecasts across Taiwan to meet
operational needs. We conducted a systematic verification of these forecasts during the May to November wet
season, using quantitative indicators such as Bias Score, Probability of Detection (POD), False Alarm Rate
(FAR), and Threat Score (TS). In addition, we employed Student’s t-test, Wilcoxon signed-rank test, and
probability density function (PDF) analyses to evaluate forecast stability and distributional differences from
multiple perspectives. The results show that forecasts for rainfall events below the heavy rain threshold tend to
exhibit larger deviations. However, forecasts during typhoon periods generally demonstrated effective
performance in estimating extreme rainfall. Both the t-test and Wilcoxon test indicated a statistically significant
match between forecasted and observed rainfall during typhoon impacts, although some extreme rainfall events
showed deviations exceeding several hundred millimeters. This reflects limitations in current models'
capability to capture terrain-driven and localized convective systems, and highlights room for improvement in
subjective forecasting—especially for complex phenomena such as afternoon convection and remote
precipitation systems.

Moving forward, enhancing the integration of multi-source observational data and implementing real-
time rolling correction mechanisms will be essential for improving responsiveness and situational awareness
during localized hazardous weather events.

Keywords: rainfall forecast, regional forecast verification, t-test, contingency table, statistical validation
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Abstract

In response to the increasing threats of short-duration heavy rainfall and severe convection under climate change,
the TAIDA Weather Group has integrated multi-source data, including the Central Weather Administration’s Instant
Torrential Rain Alerts and QPEplus radar quantitative precipitation nowcasts (QPN), to develop and operate a
customized weather alert system along railway lines since 2024. After alerts were issued along railway lines in 2024,
the success ratio (SR) for hourly rainfall exceeding 40 mm was 0.42, while the actual proportion of disasters occurring
(such as flooding, trees falling, and landslides) was about 3%. Although ground observation data available for
validation were limited, the probability of detection (POD) for strong wind events reached 0.90, but the false alarm
ratio (FAR) was also as high as 0.85.

In this year (2025), this system has been further extended to newly formed landslide zones characterized by
steep terrain and sensitive rainfall response, providing monitoring and notification services. Among events since May
this year, where reference stations in high-risk areas exceeded alert thresholds, the POD was 0.34. For many cases
with “alert delays™ or “spatial displacement,” the potential causes are presumed to include the lower alert thresholds
compared to the issuance criteria for Instant Torrential Rain Alerts. A case study of the eastern Taiwan thunderstorm
on 20 May revealed positional bias and underestimation in QPN data over complex terrain, highlighting the need to
adjust regional algorithms.



Comprehensive validation shows that the multi-source data integration system has considerable potential for
disaster mitigation related to severe convection. However, continuous improvements in rainfall estimation and alert
credibility remain necessary. Future efforts will focus on multi-case validation, user feedback integration, and
algorithm refinements to enhance the capability to respond to short-duration heavy rainfall and other severe weather

events.
Keywords: Instant Torrential Rain Alerts, QPEplus, severe convection, real-time alerts, radar quantitative precipitation

nowcasting



PR R E I C R e ok

Taipei City Response to Typhoon Danas (2025 July Case Study)

{55! (Hsiu Radiant R-G.) 528 (Wu Z.-L.) B (Yang K.-X)) 23! (Lu D.-G.)
%ﬁﬁz (Jiang M.-L.) )‘%2 (Hong W.-B.) Eﬁl.%l (Jou Ben J.-D.)

BB RERRIEET R BB R
! Center for Weather and Climate Disaster Research, National Taiwan University

2 Preparedness and Response Division, Fire Department, Taipei City Government

wm E

FHIFGRREEY 2025 £ 7 H 5 BSOS HTERAER - YIS REZIE754) 700
NEZ S OERERIG] - SR RERTNS e OMRERERER - R RS - MEFE
fEEGTIREES T - DUV R RIS M S e - Bk - 2ozt
FHEPARTT - Bl LPSETTHETES - 7 HERE LTEIhmERN RS » T NE
BORE AN AL - JSEF N EZE 45 mm > £THEZE KR -

ERREZEFNTH3 BT S nie A S A et - IEHR7H4H
VIR EFTE TIRP SN BT R RIS - FERe S MRl s Ao ple 2 FTREME: ~ B
RS EILTZE  WITREAR T REREETES  hKERIAZRET NS RER
EREIH - EHIP R R R B R B R 3% 5 R R E R R B T A (i B

SH8KF3057 7/ L &L - HIFAER 6 H S RIETRM a3 - BRI EETEE R
A EL AT RERY PR IR0 ~ R SEmE S HILLYES - S fFDs SE BE A S E R me R\ Y T A%
SH T FEBAE R SR E R E e - E R Re MBS e e B - SSEEITRI A =550 - B
TEF AL T8 AlE EERE R R R bk - MaTamE & R T — AR AT
e

AL 6 H 11 Rp g A EEmE - 2107 SEEEEE P OBET 14 Rt Bk
B ~ 19 BT Ry—4) » $RTT- BRI 4R i R T T & o B S b e el i e B R A
e
6 H 16 ELR R F TN E R - R TN CESRRETH Lray M &
BBt B T 7 SE N B RTES S - R AT REAET H AL EIRAVIRGHIIEIE - 5906 H 198k
TTIEVERATRG 3 - (R RS E R P THEHR | ORF B8 - METTRSRAT S5 - N THIERE T
BRI EZIFIIEREERE - JLILERPR SR REIEA] » D7 HIRE EOE BER - (ERkED I TR D
ZEIEREIEE IR -

7 H Ol 55 =R AT &k P e A T 9y S bR - RS/ - THET P PRTA
SfRPRIE ERem T SRR MR —ABHE  HINSSIEEAA S - TR A BB AR
B N TR EERAER o BERI 1R300 fRFREE FRE SR - sl f =40
BB -

FRARR - HEFHIPARRE A i 2 0 R AR - EUBRIRER - (H7H3 LR
HEATERRZR > B R A e R R - TIFRCAREER > DU SRR EIR T 5
& (RIEFIETHEER TR BRE RS RA T A EIASK - ph B g 8 - SUHERE AT
IRRNATEREH Ty - (EEESEBRAAR - BURTHIEER; S BRI 2 8 -

BRI PIsRmEE - CERESE - rERBE - BIEAR - 2L



Abstract

Typhoon Danas formed near Dongsha Island on 5 Jul 2025. Early growth was inhibited by an upper-level
cold-core low ~700 km to the north; once it retreated, the system intensified rapidly and steered by monsoon
southwesterlies, took an unusual northeastward track toward southern Taiwan. Terrain disruption after landfall
weakened the primary core while a secondary center reorganized near Hsinchu. Taipei experienced little through the
momming of 7 Jul, but afternoon outer rainbands produced localized hourly rainfall ~45 mm over Yangmingshan;
citywide impacts were minor.

The NTU team flagged development on 3 Jul and briefed Taipei City responders 4 Jul; customized guidance
followed the 5 Jul Sea Warning, When Taipei entered the Land Warning 6 Jul, the EOC escalated to Level-2 (14 LST)
and Level-1 (19 LST); CWA consultation and intercity coordination informed a decision to keep work/school normal
7 Jul (coastal Taoyuan excepted). Rapid weakening on 7 Jul allowed staffing drawdown; the Land Warning lifted 11:30
LST and activation reverted to routine.

This case underscores how early alerting, tiered activation, and science-based, cross-jurisdictional coordination can

reduce urban typhoon risk.

Key words : Typhoon Danas; disaster response; Tiered Activation; Science-Based Decision Making; Taipei City
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Abstract

In order to provide strong gust warnings, mitigate strong wind disasters and improve flight safety, this study
uses the surface wind speed forecast of the WRF Ensemble Prediction System (WEPS) of the Central Weather
Administration (CWA) and the observed gusts at the Civil Aviation Administration's stations, combined with the
Micro-genetic Algorithm (MGA) to provide gust forecast products. According to the research of Yang and Tsai
(2019), the correlation between the 10-meter wind speed of the numerical model and the 10-minute maximum gust of
the station is successively updated by the MGA in a rolling manner, and this correlation is applied to the valid surface
wind speed forecast data to obtain the gust forecast product. The verification and assessment will be conducted based
on a strong wind special report (Beaufort scale reaching level 8 or above) issued by the CWA and the case of
Typhoon Danas (2025).

Keywords : Ensemble prediction, gust
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Droughts are often associated with precipitation and atmospheric circulation anomalies at the
subseasonal-to-seasonal (S2S) timescale. Developing S2S climate monitoring techniques is therefore essential for
enhancing drought early warning capabilities.

In this study, we established a "seasonal calendar" framework consisting of six sub-seasons annually, based on
literature related to the East Asian monsoon studies. Using 44 years of high-resolution CFSR reanalysis data, we
developed an objective method for diagnosing sub-seasonal progression through a deep learning approach. This
method combines feature extraction and similarity comparison to determine which seasonal phase the current
atmospheric circulation state best corresponds to and to assess whether the season is progressing earlier, later, or on
time. A comparison between our diagnosed onset dates of the Taiwan Meiyu season (i.., South China Sea monsoon)
over the past 44 years and those defined in the literature shows good agreement, demonstrating the method’s
applicability.

Furthermore, under the seasonal calendar framework, we developed a machine learning—based weather type
identification technique that incorporates not only multivariable East Asian circulation fields but also Taiwan’s
precipitation patterns. Integrating this technique with the seasonal progression diagnostics enables the interpretation of
precipitation anomalies from both subseasonal and synoptic-scale perspectives. Using the Meiyu season as an

example, we demonstrate the application of these techniques in supporting drought early warning information.



The seasonal progression monitoring procedure has been operationalized, and the weather type identificaiton
system is currently being integrated. Both products have been incorporated into the drought early warning platform to

provide real-time monitoring services.

Key words: seasonal progression, machine leamning, weather type, drought early warning
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Abstract

Several coastal nuclear power plants are located along the southeastern coast of China near Taiwan, and release
tritiated water intermittently each year. In response to the need for forecast and early warning of radioactive material
dispersion in the ocean following the Fukushima incident in Japan, the Central Weather Administration (CWA)
developed the "Oceanic Dispersion Forecast System for Radioactive Substances." This study applies the system in
conjunction with historical ocean current data from 2021 to 2025. Based on three criteria—including the direct
distance to Taiwan (including offshore islands), annual discharge volume, and regional ocean current
characteristics—three representative nuclear power plants were selected: Fuqing in Fujian, Qinshan in Zhejiang, and
Daya bay in Guangdong. Simulations were performed under continuous tritium discharge scenarios, using the annual
discharge limits published in the 2020 China Nuclear Energy Industry Annual Report. Results indicate that ocean
currents on the western side of the Taiwan Strait are primarily influenced by the China Coastal Current, making the
offshore islands of Kinmen and Matsu more susceptible to trittum dispersion. Around Taiwan’s main island, however,
the impacts become more pronounced during seasonal transitions, when current velocities decrease, leading to tritiated
water accumulation or northeastward transport toward the island. The findings suggest that the CWA can provide site
selection recommendations and responsive strategies based on the distinct dispersion characteristics under varying

geographic locations and seasonal current conditions.

Key words : Oceanic Dispersion Forecast System for Radioactive Substances * China nuclear power plant(s) * tritiated

water
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Abstract

Typhoon Danas hit southern Taiwan in July 2025, causing severe flooding in coastal areas,
including Qigu, Tainan. As a result, local arecas were exposed to storm surge disasters and
demonstrated the significant contribution that improved storm surge forecasting accuracy could make.

Tide gauge observation revealed that this event characteristics distinct from previous events,
especially the "drop-then-rise" phenomenon observed at Dongshi during the landfall of the typhoon.
This phenomenon indicated significant wind shear effects on the station during the typhoon's landfall
in southwestern Taiwan. The operational forecasting models, limited by topographic and numerical
grid resolution, were unable to accurately capture the unusual tide level variations at Dongshi. To
address this issue, this study employs the COMCOT-SURGE model coupling with TPXO, to
investigate the causal mechanisms behind this anomalous storm surge event. The study first presents
the verification results of operational model forecasts during the typhoonand identifies two critical
improvement areas: enhancing topographic resolution to better model coastal effects, and optimizing
wind field settings based on observed data and TWRF model. This research effectively assesses

existing models and establishes priority directions for future model improvements.

Key words : COMCOT-SURGE, TWREF, Idealized Wind Model, Typhoon Danas, Inundation
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Abstract

Typhoon-induced storm surges have long posed a serious threat to coastal regions in Taiwan, highlighting the
need for accurate and timely forecasts to support disaster mitigation and early warning systems. Currently, the Central
Weather Administration (CWA) operationally produces storm surge forecasts using meteorological fields from the
TWREF atmospheric model with a horizontal resolution of 15 kilometers. However, Taiwan’s highly complex
terrain—especially the presence of the Central Mountain Range—significantly influences typhoon structure and
intensity, and such effects are not adequately resolved at the existing model resolution.

This study aims to improve the accuracy of storm surge forecasts by integrating high-resolution meteorological
data from the CWA’s Regional Deterministic Weather Forecasting System (WRF D), increasing the input grid
resolution to 3 kilometers. A key focus of this research is to strike a balance between computational cost and forecast
accuracy.

Using Typhoon Kong-Rey as a case study, we compare storm surge simulations forced by both the original and
high-resolution atmospheric fields, evaluating differences in predicted typhoon structure and coastal water levels.
Additionally, we assess the computational expense of high-resolution simulations and quantify the forecast
improvements. The results provide a scientific basis for optimizing storm surge forecasting systems in regions
characterized by complex topography, such as Taiwan.

Key words : COMCOT-Storm Surge Forecasts, TWRF Atmospheric Model. Model Resolution, WRF D
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Abstract

This study presents a case of ocean circulation simulation incorporating satellite sea level data through data
assimilation. The built-in four-dimensional variational (4D-Var) data assimilation scheme of ROMS was employed,
assimilating gridded satellite sea level products from the Copernicus Marine Service at 00:00 UTC daily. The modeling
period spans from July 2018 to April 2019 and covers the regional seas surrounding Taiwan. The assimilation process
iteratively adjusted the model's initial and boundary conditions by simulating a linearized dynamical model to obtain
optimal initial and boundary conditions. These optimized conditions were then used to initialize and constrain the full
nonlinear model, producing analysis fields. The sea level in the analysis closely matched the assimilated satellite sea level,
while the associated current, temperature, and salinity fields remained dynamically consistent. The analysis fields were
compared with current measurements from five moorings deployed east of Taiwan during 2018-2019. From September
to November 2018, the unassimilated model showed large discrepancies on the 100-m currents measured by the three
onshore moorings, whereas the assimilated results were more consistent with observations, indicating improved accuracy
due to data assimilation. Similarly, better agreement was observed at the offshore moorings from mid-November to
December. This study will also present the impact of data assimilation on modeling the Kuroshio transport and its central

position.

Key words : ocean circulation model, data assimilation
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Abstract

The Central Weather Administration Ocean Current Model (CWA-OCM) is a three-dimensional operational
forecasting system for ocean currents that uses initial and boundary conditions from global models such as RTOFS
and HYCOM. Although the model output is currently adjusted daily using a pseudo data assimilation approach, the
absence of a true data assimilation system limits the accuracy of forecast corrections. To address this gap, the
development of a dedicated data assimilation system—rteferred to as the CWA-OCM-DA—is essential.

CWA-OCM-DA integrates the Parallel Data Assimilation Framework (PDAF) as its data assimilation module
and adopts the Earth System Modeling Framework (ESMF) as the data exchange interface. ESMF is one of the few
frameworks capable of supporting unstructured grid models and allows integration without modifying the original
source code, relying instead on dynamic libraries.

Unlike traditional approaches that require extensive modifications to the model code, CWA-OCM-DA utilizes
ESMF to control ensemble computations. The SCHISM model code is adapted to comply with ESMF specifications,



enabling seamless coupling with other components. All modules—ESMF, SCHISM, and PDAF—are treated as
independent libraries, allowing each to be updated and compiled separately without interfering with one another. This
modular design ensures long-term maintainability and compatibility across future versions.

This study applies the CWA-OCM-DA system to simulate Typhoon Soudelor (2015) as a case study. Publicly
available satellite data and Argo profile observations are assimilated to correct model outputs and generate analysis
fields that serve as improved initial conditions for forecasts. The model domain covers the waters surrounding Taiwan.
Results show that the assimilated sea surface temperature (SST) forecasts exhibit reduced root mean square error
(RMSE) when compared with satellite observations on the first forecast day, demonstrating the effectiveness of the

data assimilation system in improving forecast accuracy.

Key words : Unstructured Ocean Current Model, Ocean Current Ensemble, Data Assimilation
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Abstract

Infra-gravity waves are low-frequency, long-period waves (typically >20 s) generated through nonlinear
interactions among short-wave groups and commonly observed in nearshore shallow waters. Although their
amplitudes are generally smaller than those of wind waves, infra-gravity waves can contribute to coastal erosion,
harbor resonance, and pose risks to nearshore ecosystems and recreational safety. Monitoring these waves requires
long-term, continuous data, making field observations more challenging than those of wind and swell waves and
requiring appropriate instrumentation.

Global Navigation Satellite System (GNSS) buoys, known for high-precision water level measurements, have
been successfully used for wave and tide monitoring. This study utilizes a self-developed GNSS continuous water
level buoy to collect nearshore data and analyze low-frequency energy variations, assessing its feasibility for
infra-gravity wave observation.

Data from the Tainan GNSS buoy station (2024-2025), operated by the Central Weather Administration, were
analyzed using Empirical Mode Decomposition (EMD) to filter tidal components and isolate wave energy. Results
show infra-gravity wave heights were typically <0.5 m under normal conditions but exceeded 1 m during Typhoons
Gaemi, Krathon (2024), and Danas (2025). The findings confirm the buoy’s capability to monitor infra-gravity waves,

offering valuable data for coastal erosion, ecosystem assessments, and coastal safety applications.
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Abstract

In recent years, sea level rise induced by global climate change has posed an increasing threat to both human
societies and natural ecosystems, making continuous monitoring of coastal sea-surface variations essential.
Conventional coastal observations rely primarily on tide gauges, whose maintenance is difficult and whose
measurements are prone to bias from local vertical movement. In this study, we apply Global Navigation Satellite
System Interferometric Reflectometry (GNSS-IR) to coastal GNSS stations by analyzing signal-to-noise ratio (SNR)
time series and integrating these observations with precise positioning solutions to estimate absolute sea surface
changes. In parallel, we collect raw observations from GNSS buoys and tilt sensors and process them using Precise
Point Positioning (PPP) and relative kinematic positioning techniques to derive independent sea surface heights. The
resultant GNSS-based sea level time series are then rigorously compared against co-located tide-gauge records and

satellite altimetry data to assess accuracy and reliability.

Key words : Sea surface change, GNSS-IR * GNSS Buoy
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Abstract

Due to the distinct governing equations and force representations for waves and ocean currents, traditional
numerical models often operate independently. However, interactions between waves and currents involve mutual
forcing, which necessitates a coupled modeling approach to better resolve the spatiotemporal variations of ocean
currents. To address this, we have integrated tides, currents, and waves into a coupled modeling system to improve
upon conventional, decoupled forecasting methods.

The coupled wave-tide-current numerical model employed in this project dynamically integrates the
third-generation wave model WWMIII with the hydrodynamic model SCHISM. This dynamic coupling is achieved
by using a common unstructured grid and identical time steps to ensure synchronized calculations. In the coupled
framework, wave fields are computed first to derive surface forcing (radiation stress), which is passed to the
hydrodynamic model. The hydrodynamic model incorporates this stress to update the current and water level fields.
The surface currents and water levels are then relayed back to the wave model to compute the next time step, forming
a continuous two-way feedback loop.

An operational wave-tide coupled modeling system has been established for Taiwan's coastal waters. This
system includes predictions of astronomical tides, storm surges, waves, and their coupled interactions. Meteorological

forcing is provided by the Central Weather Administration's WRF forecast, and the system generates twice-daily



forecasts with a 96-hour lead time. The forecast outputs are validated against observational data, including tidal gauge
records and wave buoy data from the Central Weather Administration’s Taiwan Ocean Observation Data Service and
Open Data platforms.

This study focuses on two typhoon cases in 2024—Typhoon Kaimi and Typhoon Saudel. We evaluate model
performance through validation analyses of wave height and water level using quantitative metrics such as
root-mean-square error (RMSE) and Pearson correlation coefficient. The results demonstrate the forecasting system’s

accuracy and stability.

Key words : Wave-Tide Coupling Model, Wave—Current Coupling, Extreme Wave
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Abstract

With the advancement of ocean observation technologies, smart unmanned vehicles equipped with
autonomous navigation and automated marine meteorological data collection capabilities can perform observation
tasks under extreme or hazardous sea conditions. These systems significantly enhance ocean monitoring capacity and
provide richer datasets that can improve weather and wave forecasting and reduce disaster-related losses. This study
aims to develop a marine meteorological observation system mounted on a smart vehicle and verify its stability and
accuracy through systematic testing, using the THETIS Smart Vessel as the testing platform. The data acquisition and
analysis system developed in this study demonstrated stable performance during laboratory testing and was
subsequently installed on the vessel. Three harbor trial voyages were completed, achieving a 100% data reception rate
and confirming the proper operation of the instruments and control systems. Offshore trials were then conducted, and
observational data collected onboard were compared with those from nearby buoys. The results showed consistent
trends across most parameters, including wind, waves, water temperature, and ocean currents. Correlations for wave
height, wind speed, and surface water temperature exceeded 90%. However, root mean square errors for wave period
and surface current speed were approximately 0.6 seconds and 0.11 mys, respectively, indicating areas for further
improvement. Preliminary verification confirms that the system is capable of stable and feasible marine
meteorological data collection, though additional data and validations are necessary to ensure the long-term reliability
of the observation system.

Key words : Smart Unmanned Vehicles, Marine Meteorological Observation, RAOs
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Abstract

As global warming intensifies, sea level rise has become a critical issue in climate change. To effectively address
risks posed by marine environmental changes and extreme climate events, accurately understanding sea level
variations is essential for environmental monitoring and early warning systems. Long-term tide gauge records provide
essential data for analyzing ocean tides and sea level variations; however, these records may be affected by factors
such as datum shifts, resulting in systematic errors that subsequently affect their practical applications. This study
develops a systematic procedure for detecting and correcting datum shifts, based on historical tide gauge records
managed by the Central Weather Administration of Taiwan. Multiple detection techniques, including harmonic
analysis, optimal partitioning, and Jumps Upon Spectrum and Trend (JUST), are applied to test and compare various
simulated datum shift scenarios, aiming to establish a feasible and robust detection procedure. Finally, we employ
harmonic analysis combined with step functions to correct the simulated datum shifts, and quantitatively evaluate the

effectiveness of these corrections.
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Abstract

The susceptibility of coastal fish to monsoonal oceanographic alterations significantly affects sustainable fishing,
especially in biodiverse and intensively exploited areas such as southwest Taiwan. Moonfish (Mene maculata), a species
of ecological and commercial importance, is increasingly influenced by seasonal oceanic dynamics. This research
examines the monsoonal influence on their habitat distribution using generalized additive models from Taiwanese purse
seiner catch data between 2014 and 2020. The findings indicate a significant link between chlorophyll levels and
moonfish distribution during the southwest monsoon (SWM), and sea surface height during the northeast monsoon
(NEM). Despite seasonal fluctuations in habitat size, the primary fishing area remained consistent within 21.5°-25°N and
119°-120°E. Expanded habitats were noted during NEM, but a westward extension occurred in SWM along the Taiwan
Bank. These findings provide critical insights into the seasonal habitat dynamics of moonfish, facilitating resource
management and adaptation techniques in response to changing climate conditions.
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Abstract

The THO Working Group on Tides, Water Level and Currents (TWCWG) revised Resolution M-3 in 2022,
emphasizing the importance of international sea level change monitoring for understanding climate change, and
further adding stringent requirements for tide station management, particularly concerning the newly proposed
resolutions on metadata for tide and tidal stream/current records. To improve the quality of water level data within
CWA and align with international standards, this document integrates findings from the 2010 preliminary study on
tide station establishment standards by the Ministry of the Interior, recent NOAA tide station specifications and
deliverables, and the CO-OPS open-source software research on water level quality control visualization. It proposes
the following reference guidelines for enhancing tide station management strategies and optimizing quality control
accuracy and efficiency:
1. Adjust initial observation strategies to enhance data quality, including explicitly marking non-natural signals during
instrument maintenance periods and storing the standard deviation of 6-minute water levels.
2. Systematize and implement facility and benchmark management, strengthening the professional knowledge and
rigorous attitude of management personnel, to meticulously retain traceable metadata records in an auditable manner.
3. Promote and set up instrument calibration mechanisms for water level observation, improving capabilities in water

level data correction, quality control, and calibration.
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Abstract

Regions outside of Low Earth Orbit (LEO, altitudes above approximately 2000 km) are classified as “deep
space”, including Medium Earth Orbit (MEO), geostationary orbit (GEO), as well as cislunar and lunar 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
the rideshare and hosted payload model aboard government and commercial lunar missions, developing the capacity
to design and implement payloads and other space avionics for this environment is of increased importance this
decade. Utilizing one of the growing number of rideshare opportunities offered by commercial lunar mission
providers, National Central University (NCU) has completed the rapid development of Taiwan’s first scientific
payload for lunar lander use, which was launched aboard the Hakuto-R Mission 2 (M2) Resilience lander from ispace,



inc. on Janaury 15, 2025, immediately commencing operations following post launch checkout. This Deep Space
Radiation Probe (DSRP) provided 5 months of measurements of radiation dose, dose rate, and single event upset
(SEU) rate during two and a half unar swing by orbits, the low energy lunar transfer transit, and in lunar orbit. DSRP
was developed by a student team, in consultation with experienced engineers from the ispace lunar lander team. We
report on the objectives, concept of operation, design, implementation, and results of the DSRP project. The radiation
data provided by DSRP covers a period of high solar activity, with dose rates considerably higher than on missions
during lower solar activity, including several solar particle events, geomagnetic storms, and transit through the Van
Allen radiation belts. The data will be beneficial for the development of future deep space spacecraft avionics, as well
as crewed missions, and has also served to build the capacity for deep space spacecraft and payload development at
NCU. The payload itself is also being modified for future missions based on lessons learned from the Hakuto-R M2

flight.
Key words : Tonizing radiation, space environment, radiation belts, galactic cosmic rays, solar energetic particles, single

event effects.
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Abstract

The period from 2023 to 2025 marks the recent solar activity maximum. In addition to the increase in
high-energy particles that will cause SEU events on satellites, the increased solar radiation will also heat the Earth's
medium atmosphere, causing the density of the neutral atmosphere at the altitude of the satellite to increase by one
order. Increased air resistance will reduce the satellite's altitude and shorten the time it stays in space. Here, we will
demonstrate how space weather affects satellite operations and how we maneuver satellites, in order to maximize the
satellite's effectiveness to get more observation for atmosphere and ionosphere.

The FORMOSAT-7 satellite uses two antennas to track GNSS signals to achieve precise orbit determination
with an accuracy of less than 5 mm. Thanks to this accuracy, we can deduce the neutral atmospheric density on the
satellite orbit from the orbital changes. This information will aid in future space weather forecasts and satellite program

planning,

Key words : FORMOSAT-7, Space weather, Air drag
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Abstract

Equatorial plasma bubbles (EPBs) are large-scale ionospheric irregularities that pose significant threats to
satellite-based communication, navigation, and surveillance systems. These depletions in plasma density, triggered by
post-sunset instabilities in the equatorial F-region, lead to trans-ionospheric signal scintillation and degradation. To
address the need for real-time monitoring of such disturbances, this study proposes a deep learning—based method for
the automatic and near-instantaneous detection of EPBs using all-sky airglow imagery. We develop a convolutional
neural network (CNN) trained on deviation images generated from 630.0nm airglow data collected by a
ground-based all-sky imager (ASI). The network is designed to distinguish plasma bubble structures from background
emissions, enabling pixel-level identification without manual labeling or post-processing. A dataset of labeled EPB
events was constructed for training and validation, incorporating various nighttime conditions and geophysical
environments to ensure generalizability. Unlike previous studies that relied on handcrafted features, thresholding, or
offline pipelines, our method enables high-speed inference directly on processed ASI data streams. Evaluation at a
low-latitude ASI observatory shows that the model achieves high precision and recall in detecting EPBs, with average
inference time suitable for real-time applications. The system provides not only binary detection but also spatial
localization of EPB regions, offering a valuable tool for integration into future space weather nowcasting and alert

systems. This work represents an important advancement toward operational, automated EPB monitoring using



optical remote sensing and deep learning techniques. It also lays the foundation for expanding into multi-instrument
integration for improved situational awareness of ionospheric conditions affecting GNSS and communication

reliability.

Keywords: plasma bubble, equatorial ionosphere, all-sky imager, convolutional neural network, airglow, real-time

detection, GNSS scintillation, space weather
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Abstract

BURSTT is a radio experiment in Taiwan looking to detect millisecond bursts in radio frequency (Fast Radio
Bursts, FRBs) that originates from unknown sources located in distant galaxies. In addition to detecting the FRBs,
BURSTT also aims to identify the host galaxy of each FRB. This is achieved by comparing the arrival time of the
burst to a series of stations that are 100s to 1000s kilometers apart. Conventionally, the effect of atmosphere is
calibrated by referencing the observation to a nearby known target. However, since FRB is unpredictable in direction
and time, adequate astrometry calibration is non-trivial. On the other hand, the GNSS satellites already maps the
ionospheric delays all the time. In this study, we explore the concept of employing the slant TEC measurements

toward individual satellites in the correction of radio observations. Initial results and limitations will be presented.

Key words : radio astronomy, ionosphere, total electron content, fast radio burst
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Beyond Stationarity: Can ML Decipher Future North Atlantic Behaviour in a Warming
Climate?

Iaona Colfescu

School of Earth and Environmental Sciences, University of St Andrews

Abstract
As the climate system evolves, the assumption of stationarity in dominant modes of variability like the North
Atlantic Oscillation (NAO) is increasingly questioned. This study leverages machine learning (ML) predictions and
interpretable ML to assess whether historical relationships between NAO drivers (e.g., SSTs) remain predictive
under future forcing (SSP3.7.0). We train ML models in a ’perfect model’ framework using large ensembles of initial
conditions (for example, large ensembles of UK-ESM) to explicitly account for internal variability. By evaluating the
performance of the model among the members of the ensemble, we quantify how internal variability influences the
predictability of the NAO and whether its role changes under future forcing. Strong generalisability across ensembles
would suggest robust physical mechanisms insensitive to internal noise, while degradation may signal
nonstationarities (e.g., emerging teleconnections from Arctic amplification or jet stream shifts). By integrating
interpretable Al (gradient-based maps) with a large-ensemble diagnostics, this work bridges data-driven and
dynamical perspectives, offering a novel pathway to detect climate change impacts on atmospheric variability. Our
approach highlights how ML can identify emergent patterns masked by internal variability, providing information for

climate modelling and predictability studies.



Seasonal Transition — Spring, Autumn, and Seasonal

Prediction

John Chien-Han Tseng

Central Weather Administration

Abstract

Isentropic potential vorticity (IPV) has obvious seasonal changes on the isentropic surface of
340K, with fast propagation rate in winter and slow propagation in summer. The wave propagation
slows down in summer, which can be indicated by the length of the PVU=2 contour line retained in the
60-120E region. Correspondingly, the local wave activity (LWA) integrated over the entire troposphere
also has obvious signals at 60-120E, indicating that the westerly wind is weakening and the wave
transmission is slowing down. During the seasonal transition, such as spring, it can be found that the
process of slowing down the fluctuation starts from the pv streamer in the Pacific. That is, Rossby
wave breaking begins in the eastern Pacific, causing westerly circulation, and eastward wave
propagation begin to be blocked (traffic jammed), and finally become blocked or stationary at 60-120E.
The entire change process can be well controlled by IPV at 340K. After the IPV variables are
calculated by ISOMAP, the principal components can be trained through neural networks to make

seasonal forecasts for 1-3 months.
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Weather type clustering and classification for Taiwan’s Meiyu season
using machine learning methods
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Abstract
This study investigates Taiwan's Meiyu season using machine learning techniques, focusing on weather type
clustering and classification. We analyze the ERAS circulation data from 1979 to 2023, and GPM IMERG
precipitation and TCCIP Taiwan rainfall from 2001 to 2022. A CNN-Autoencoder is employed to extract latent
features, followed by unsupervised clustering and supervised classification. The results identify eight synoptic-scale
weather patterns linked to varying rainfall over Taiwan: intense fronts (IF), moderate fronts (MF), southwesterly (SW),
southerly (S), cyclonic circulation over the South China Sea (CC-SCS), southward-shifted southwesterly (SS-SW),
fronts over the East China Sea (F-ECS), and subtropical high dominant (SH). Five machine learning classifiers and
one ensemble voting classifier (EVC) are developed using the extracted features and weather type labels. The EVC
integrates predictions from the five classifiers via a voting mechanism to determine the final classification. The soft
voting EVC achieves the highest average accuracy and F1 score, both exceeding 0.9 across all types. By integrating
high-resolution local rainfall with synoptic-scale circulation, the framework enables precise classification of Taiwan's
precipitation-related weather types. This study shows strong potential for analyzing historical interannual variability

and evaluating long-term model performance across synoptic regimes.

Key words: Meiyu season, Machine learning clustering, Weather type classification
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Abstract

Geostationary satellite-based precipitation estimation plays a vital role in both short-term extreme rainfall
monitoring and long-term climate monitoring. This project developed the AIQPE (Al-based Quantitative Precipitation
Estimation) deep learning model to enhance the spatial and temporal resolution and accuracy of rainfall prediction. In
2024, by adjusting input variables, optimizing training hyperparameters, and experimenting with alternative loss
functions, we successfully established a summer-specific precipitation estimation model. Building upon this foundation,

a corresponding winter model was developed, completing the core framework for multi-seasonal rainfall estimation.

In practical applications, the seasonal models need to switch automatically based on seasonal shifts and weather

conditions to support a consistent and reliable year-round operational workflow. To address the limitations of manual



model switching and reduce the risk of operational errors, the project introduced the Mixture of Experts (MoE)
architecture in 2025. By employing a gating neural network, the system can automatically determine the appropriate
seasonal model for each time point, enabling adaptive model selection based on input features and significantly

improving operational efficiency and flexibility.

Preliminary validation results indicate that the MoE-based system maintains consistent and reliable estimation
performance across different seasons. Compared to static switching or single-season models, the MoE approach
demonstrates superior generalization capability and ease of use. The technical framework and evaluation results of this
study will be presented at this conference, aiming to provide a more robust and practical solution for year-round

satellite-based precipitation estimation.

Keywords: Deep learning, satellite remote sensing, precipitation estimation, mixture of experts



Enhanced Prediction of Rainfall Kinetic Energy Using GPM DPR Data and Deep
Learning Models

Jayalakshmi Janapati', Balaji Kumar Seela, Pay-Liam Lin"*

I Department of Atmospheric Sciences, National Central University, Taiwan.

Abstract

Rainfall kinetic energy (KE) is a critical factor in soil erosion, hydrological modeling, and climate
impact assessments. Traditional empirical models often fail to capture the spatiotemporal variability of KE
due to their reliance on limited observational data. In this study, we leverage Global Precipitation
Measurement (GPM) Dual-frequency Precipitation Radar (DPR) data to develop a deep learming-based
framework for KE prediction. advanced deep-learning networks are employed to extract spatial and temporal
features from precipitation profiles. The model is trained and validated using historical JWD simulated GPM
parameters data, showing superior accuracy compared to conventional KE estimation methods. Results
highlight key atmospheric variables influencing KE distribution and demonstrate the deep learning model’s
potential for improving rainfall impact assessments. This approach provides a robust tool for hydrological

forecasting, erosion modeling, and disaster risk management.

Keywords: GPM DPR, rainfall kinetic energy, deep learning.
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GNSS-R Wind Speed Retrieval under High Wind Conditions:

A Neural Network Approach with TRITON
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Can machine learning integrate physical processes to accurately reconstruct
satellite-derived sea surface temperature under cloud and cloud-free areas?
Yu-Chien Cheng!, Chung-Hao Wang"*, and Chih-Chieh Young'?

!Department of Marine Environmental Informatics, National Taiwan Ocean University, Keelung City 202301, Taiwan
2 Center of Excellence for Ocean Engineering, National Taiwan Ocean University, Taiwan

* Email; howardwang@ntou.edu.tw

ABSTRACT

Sea surface temperature (SST) plays a crucial role in weather patterns, climate systems, and marine ecosystems, as it
reflects the energy exchange between the ocean and the atmosphere that regulates the climate. Hence, obtaining
continuous, high-quality SST data with broad spatial coverage and long temporal duration is a fundamental requirement
for various applications in atmospheric and oceanic sciences, marine resource management, and disaster prevention. With
the rapid advancement of remote sensing technology, meteorological satellites have been launched over the past decades
to monitor weather activities over the ocean. However, satellite remote sensing with infrared sensors can be affected by
interference from atmospheric conditions, particularly cloud cover. Therefore, we proposed a physically-informed
machine learning approach to reconstruct daily SSTs in both cloud-covered and cloud-free regions. Following this core
concept, we developed the Temporal-Spatial Radial Basis Function Neural Network (TS-RBFNN) and suggested an
appropriate model evaluation procedure to address the lack of data in cloudy areas. Overall, the TS-RBFNN showed
significantly improved performance in full SST reconstruction; it achieved up to a 60% improvement compared to

traditional statistical methods (Data Interpolation Empirical Orthogonal Function).

Keywords:Sea surface temperature, Reconstruction, Satellite observation, Physical process, Machine learning, TS-

RBFNN.
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Application of Artificial Intelligence Technology in
Airport Visibility Forecasting Operations
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Abstract

Taiwan Taoyuan International Airport (RCTP) frequently experiences prolonged periods of low
visibility due to dense fog from January to March each year. This phenomenon significantly impacts air
traffic control, dispatch operations, and overall airport efficiency, posing considerable challenges for
air traffic controllers, dispatchers, and airport authorities. This study aims to develop a customized Al-
driven visibility forecasting model for RCTP by integrating artificial intelligence (AI) models with
historical observational data from the airport. This system is expected to enhance the accuracy and
precision of visibility forecasts, thereby optimizing aviation meteorological services and ensuring flight
safety within the Taipei Flight Information Region.

This research employs a Long Short-Term Memory neural network (LSTM) machine learning model,
trained on RCTP observational data collected during the January-March periods from 1979 to 2022. It
has successfully established a 6-hour visibility forecasting model, which exhibits an average forecast
error of approximately 1500 meters. A case study analysis of the January-March 2023 data indicates
that a portion of the model's error stems from the LSTM model's difficulty in precisely distinguishing
the effects of rain versus haze on visibility.

Comparing the LSTM model's forecasts with actual observations at RCTP from January to March
2023, using 1600 meters and 5000 meters as low visibility thresholds, the threat scores were found to
be 0.29 and 0.3, respectively. Notably, the occurrences of visibility below 1600 meters were
predominantly concentrated in February, with threat scores for that month reaching 0.27 and 0.4. This
further demonstrates the LSTM model's superior ability to capture visibility changes caused by dense
fog events (i.e., visibility below 1600 meters).
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Abstract

The freak wave warning system is developed using Al methods; however, the freak wave cases available for
training and validation poses a challenge to system development. To address this issue, this study explores the
application of data augmentation techniques to enable system construction even when case data remain insufficient.
Three commonly used data augmentation methods were selected for comparison and implementation: Noise Injection,
SMOTE, and Mixup. Noise Injection involves adding Gaussian random noise to simulate variations in real
environments, thereby enhancing the model’s generalization ability. SMOTE analyzes minority class samples and
synthesizes new samples in the feature space using the K-Nearest Neighbors algorithm to achieve class balance and
improve model training effectiveness. Mixup generates virtual samples by linearly interpolating between two existing
samples and their corresponding labels, effectively expanding the distribution of the training dataset. Preliminary test
results show that all three methods offer distinct advantages and can significantly improve model performance and
generalization under conditions of limited and imbalanced data. This study aims to identify the most suitable
technique for training rogue wave prediction models, providing a methodological foundation for future data modeling

and practical applications.
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Fog Suppresses Microclimate Spatiotemporal Variability
by Weakening Land—Atmosphere Interactions
Yi-Shin Jang 5E#%:C» 1, Min-Hui Lo ZE 80 1, Yen-Jen Lai #£1 2 {F 2

! Department of Atmospheric Sciences at National Taiwan University
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National Taiwan University

Abstract

Land type is the critical driver of the surface energy budget and determine the partition of heat
fluxes, thereby defining the core characteristics of land-atmosphere interactions. The spatial
heterogeneity of land use creates microclimate spatial variation and enhance local circulation.
Cloud and fog dynamic strongly modulate the downward radiation that drives land—atmosphere
interactions. These variations play a crucial role in shaping the spatial heterogeneity of hydro-
climatological cycles. However, limitation 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-situ meteorological observation and 40m tethered balloon. During fog events that
simultaneously affect both a forest 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, cloud and fog temporarily weaken land—
atmosphere interactions by reducing incoming shortwave radiation, thereby suppressing surface
heat flux and forming a stable and vertically uniform atmospheric structure. This process also
diminishes the spatial heterogeneity of near-surface microclimate. These findings highlight the
pivotal role of fog in modulating the spatiotemporal variability of microclimate and underscore
its broader implications for understanding land—atmosphere coupling under shifting land use and
climate. As fog frequency declines under future climate scenarios, regions that were once
frequently fog-covered may become more vulnerable to microclimatic impacts driven by land-use
change.

Keyword: Montane cloud forest, Land-atmosphere interactions, Microclimate
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Advancing Sounding Capabilities within the Atmospheric
Boundary Layer Using Multirotor Unmanned Aerial Vehicle
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?Department of Atmospheric Sciences, National Central University

Abstract

Taiwan’s complex terrain, dominated by the Central Mountain Range that runs north to south and divides the
island into eastern and western regions, results in significant regional meteorological variability. Over the years,
Central Weather Administration (CWA) has built a comprehensive surface weather observation network. Recently,
efforts have increased to improve observation capability within the atmospheric boundary layer by developing vertical
profile techniques, such as Multirotor unmanned aerial vehicle (UAV) Observation System and Mini-sonde
Observation System, aiming to enhance the completeness of three-dimensional meteorological data.

This study primarily introduces the UAV weather observation system (Mini-sonde observation system will be
presented in another article). The system is equipped with the compact sensor capable of measuring essential
meteorological parameters such as temperature, humidity, air pressure, wind direction, and wind speed, as well as a
PM.s concentration sensor. It allows atmospheric and environmental monitoring from the surface up to approximately
3 km altitude.

The UAV Observation System is characterized by their flexible deployment and mission-oriented operation,
allowing customization based on specific observational objectives. Notably, during Intensive Observational Periods
(I0Ps), the UAV system can conduct hourly vertical profiling to provide high-temporal-resolution data, significantly
contributing to the understanding of regional weather phenomena and improving short-term weather forecasting
capabilities.

Key words : Multirotor unmanned aerial vehicle (UAV), Atmospheric boundary layer
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