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Dynamical Downscaling of CMIP6 Climate projection for Taiwan

Chao-Tzuen Cheng

(National Scince and Technology Center for Disaster Reduction (NCDR), Taiwan)

Dynamical downscaling is essential to retrieve high resolution local climate
information from global climate projection of different anthropogenic warming
scenarios. Two sets of global climate projection data, the CMIP6 TaiESM1 with 1-
degree resolution and the HIRAM with 0.25-degree resolution, were downscaled in
Taiwan Climate Change Projection Information and Adaptation Knowledge Platform
(TCCIP) in order to provide climate change data service for Taiwan. TalESM1 can
provide projection data from 1980-2100 with wide spread emission scenarios from
SSP1-2.6, 2-4.5, 3-7.0, and 5-8.5, but it underestimated the genesis of tropical cyclones
of northwest Pacific a lot, therefore 16-member ensemble of HIRAM was used to
provide the projection data of thousands tropical cyclones affecting Taiwan. Through
examining the future changes in temperature and precipitation of Taiwan area of all
CMIP6 multi-model ensemble, the results of TaiESM1 all fall within the +33%
likelihood range. Although the area-averaged results of the dynamical and statistical
downscaling data of TalIESM1 are comparable, the former show more regional variation
than the latter and was able to provide more spatial and temporal details. Regarding to
the projection of tropical cyclones affecting Taiwan simulated by HIRAM, decreases in
frequency and increases in intensity were found. Although the results are similar to
what we found in earlier study, this ensemble data contains thousands of tropical
cyclones can help to reduce the uncertainty of extreme event projection.
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Evolution of Regional Heatwave Circulation Characteristics in
Taiwan Under Warming Scenarios: An Event-Based Analysis

Yu-Shiang Tung

(National Science and Technology Center for Disaster Reduction, Taiwan)

Numerous studies have evaluated heatwaves using either historical or projected data;
however, most rely on heatwave indices, while only a few assess heatwaves as complete
events from onset to withdraw. An event-based approach is essential for identifying the
atmospheric circulation patterns associated with these phenomena. At regional spatial
scales (e.g., Township Levels, Urban Scales), understanding these circulation features
can enhance forecast reliability, mitigate disaster impacts, and facilitate the formulation
of climate change adaptation strategies. This study utilizes high-resolution dynamical
downscaled data from Taiwan Climate Change projection and adaptation Information
Platform (TCCIP), employing machine learning to detect individual heatwave events
and clustering analysis to categorize consistent circulation characteristics. Furthermore,
we evaluate how these circulation features of heatwave events change under various
global warming levels.
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Climate Change Adaptation Platform: Development & Services
LIU XING YU
(National Science and Technology Center for Disaster Reduction, Taiwan)

As the impacts of climate change continue to intensify, transforming climate risk
assessment results into adaptation-related information to inform decision-making has
become a prominent issue in climate governance. In the past, climate change
information has primarily focused on risk identification and was not flexible enough to
support users of diverse professional background in the evaluation and planning phase
of adaptation.

This study aims to establish an “Adaptation Application” section centered on theoretical
adaptation framework on the Taiwan Climate Change Projection Information and
Adaptation Knowledge Platform (TCCIP). This application section is designed in
accordance with the Climate Change Adaptation Assessment Guidelines issued by the
Ministry of Environment (MOENV) in Taiwan by offering a clear and systematic
processes of risk identification, impact analysis, and adaptation assessment. The section
interface consists of modules including a risk identification map and an adaptation
simulator. The risk identification interface integrates hazard and impact indicators
related to climate change, providing query functions for different scenarios and
indicators to facilitate understanding of spatial risk distribution and variation. The
adaptation simulator applies quantitative simulation methods to calculate sector-
specific risk indicators and illustrates differences in risk conditions before and after
adaptation interventions, thereby supporting adaptation assessment and planning
analysis.

Through understanding the adaptation framework and establishing its supporting tools,
this study seeks to enhance the interpretability and applicability of climate risk
information. It then allows scientists to better assist users in incorporating risk
assessment results into adaptation planning and cross-sectoral discussions.
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Climate Change Risk Assessment and Implementation: Collaboration

Agreement with the Taiwan Ministry of Environment

Chia-Fa Chi

(National Science and Technology Center for Disaster Reduction, Taiwan)

Taiwan Legislative Yuan passed the amendment renaming the “Greenhouse Gas
Reduction and Management Act” to the “Climate Change Response Act” in 2023. The
amendment added an “Adaptation Chapter”, aligning Taiwan climate governance with
international trends and highlighting the growing importance of adaptation efforts.
Furthermore, The Ministry of Environment officially announced the ‘Operational
Guidelines for Climate Change Risk Assessment (OGCCRA)’ on July 16, 2025. The
OGCCRA is based on the “Climate Change Adaptation Framework” developed under
the Taiwan Climate Change Projection and Adaptation Knowledge Platform Project
(TCCIP). Following OGCCRA release, the fourth phase of Central Climate Change
Adaptation Action Plans and Local Adaptation Implementation Plans will be developed
in accordance with the OGCCRA for the first time. The National Science and
Technology Center for Disaster Reduction (NCDR) through a bilateral cooperation
agreement with the Ministry of Environment, continues to assist governments at all
levels in aligning with the guidelines for climate risk assessment and adaptation
planning. In this meeting, we will share Taiwan’s preparations for implementing
policies and the key operational concepts following the OGCCRA announcement.
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Event-Based Assessment of Extreme Precipitation over the East Asian Monsoon
Region under 2°C and 3°C Warming with TaiESM1 and TailESM-WRF
Pin-Yu Chao!, Chao-Tzuen Cheng?, Shih-How Lo?, Cheng-Ta Chen®
!National Science and Technology Center for Disaster Reduction
Academia Sinica

3National Taiwan Normal University

The East Asia monsoon region frequently experiences extreme precipitation driven by
tropical cyclones, frontal systems, and monsoon activity, often causing floods and
landslides. Rather than relying solely on extreme indices, event-based analysis can
provide additional spatiotemporal insights for risk assessment and adaptation planning
in the region. We compare extreme precipitation events from the climate projection of
TaiESM1 and downscaled TailESM1, TaiESM1-WRF, with observations and evaluate
future projections under global warming. Extreme precipitation events are identified
using the depth-first search algorithm with the 99.9th percentile as the extreme
threshold. The detected extreme events usually cover a certain extent in time and space
with large impact.

Both models project a significant increase in event frequency under 2°C and 3°C
warming, with changes much larger than model biases. The largest increases occur from
May to August, when model performance is generally better than in autumn and winter.
In terms of the spatial distribution, event hotspots in TaIESM1-WRF and observations
align closely with topography, whereas TaiESM1 shows a more widespread and inland
distribution. Furthermore, changes in event magnitude are analyzed by quantifying the
affecting area, duration, and mean rainfall intensity. Results indicate that TalESM1
tends to simulate shorter, and weaker events with larger area, while TalESM1-WRF
shares more similarities with observations due to its smaller model bias. Overall, these
results highlight the importance of using high-resolution, dynamically downscaled, and
event-based methods to evaluate extreme precipitation changes.
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Seasonal Extreme Precipitation over the Western North Pacific and East Asia
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The performance of the Coupled Model Intercomparison Project Phase 6 models
(CMIP6) in simulating the seasonal evolution and extreme precipitation indices in the
western North Pacific and East Asia region (WNP-EA) is evaluated and compared
with the results from Phase 5 (CMIP5). CMIP6 models better capture the seasonal
northward migration of the rain band from spring to summer and simulate more
intense precipitation, leading to higher skill score for the CMIP6 ensemble than for
CMIP5. Compared with observations, the simple daily intensity (SDII), total rainfall
occurrence (Totfq), and consecutive dry days (CDD) obtain higher spatial-pattern skill
scores than extreme precipitation intensity (R99p). The CMIP6 ensemble mostly gains
higher skill scores for extreme precipitation indices in the wet season, though
improvements are limited during spring and fall. The probability distributions for
maximum 1-day precipitation (RX1day), maximum 5-day precipitation (RX5day),
and R99p in CMIP6 models demonstrate a more realistic shape and stronger intensity,
indicating the improvement over CMIP5. However, the biased distributions remain,
with overestimated (underestimated) occurrence for lighter (heavier) SDII and shorter
(longer) duration CDD cases. The higher spatial-pattern skill scores for SDII, Totfq,
and CDD are likely due to the offsetting effects between the aforementioned biases,
implying further improvements are needed for correcting the deficiency in simulating
the precipitation occurrence.
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Rainfall associated with tropical cyclone (TC) activity contributes considerably to the
wet season precipitation in the western North Pacific (WNP). In high-resolution AGCM
simulations under a future warming scenario, a decreased precipitation and weakened
TC activity, as well as enhanced anticyclonic circulation are projected in the WNP
summer season. This study conducts a series of sensitivity experiments using a high-
resolution AGCM to explore how local and remote SST warming under a warmer
climate may affect the WNP TC activity, precipitation, and circulation. The results
reveal that various SST warming patterns (e.g., in the global SST warming pattern, the
tropical ocean belt, the Indian Ocean, tropical Atlantic, the subtropical northeast Pacific)
and the increase of greenhouse gas concentration tend to weaken the TC activity,
precipitation and monsoonal circulation. By contrast, SST warming in the WNP and
eastern equatorial Pacific have opposite and mixed effects, respectively, and tend to
weakly offset the dominant influences of remote ocean warming. These results indicate
that the WNP, being the epicenter of the global teleconnection of divergent and
rotational flow, is susceptible to the influence of SST warming in remote ocean basins.
The remote forcing as projected in future scenarios would overwhelm the enhancing
effect of local SST warming and weaken the circulation, convection, and TC activity in
the WNP. These findings further the understanding of how the decreased TC activity,
precipitation and enhanced subtropical high in the WNP may be easily triggered by
remote SST warming as revealed in the AMIP-type simulations.
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Abstract

There has been an increasing demand to reconstruct long-term gridded ECVs for
climate-change impact and application studies, especially for the regions with highly
complex topography like Taiwan. Furthermore, the need for climatic variables like
wind speed, relative humidity, etc has been rapidly increasing for diverse application
research mainly because sparsely distributed station-based observation data cannot
fulfill the requirement. This paper introduces the Taiwan Reanalysis Downscaling data
(TReAD) that re-forecasts a range of ECVs with 2-km resolution for Taiwan from 1980
to 2019. Based on the ECMWF's ERA5, TReAD was generated by dynamically
downscaling simulations using the WRF model. Overall, TReAD shows a comparable
long-term trend seen in the ground-based observation data while biases can still be seen
mostly in mountainous regions. Moreover, the ranking of the six ECVs in terms of
overall performance is atmospheric pressure, temperature, relative humidity, shortwave
radiation, wind velocity and precipitation. As for reproducing extreme weather events
such as typhoons, TReAD reasonably captured the temporal and spatial variability of
precipitation observed for Morakot in 2009. To our knowledge, TReAD is the first high-
resolution long-term historical climate reconstruction for Taiwan and has been applied
in climate-related studies. For instance, TReAD has been found to be a valuable (higher
weights) data source particularly in gauge-scarce areas when developing a multi-source
precipitation product in the hydroclimatic field. What’s more, the impact of typhoons
on cloud forests has been assessed by using TReAD’s wind velocity that could not be
achieved using gauge-based observation data alone.
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Abstract

Climate change threatens Taiwan’s marine ecosystems and fisheries, yet the coarse
spatial resolution of global ocean datasets constrains localized impact assessments. To
overcome this, the Taiwan Climate Change Projection Information and Adaptation
Knowledge Platform Project (TCCIP) developed high-resolution (4-9 km) ocean
climate projections for 1980-2080 through collaboration between academic and
governmental research institutes. Using CMIP6 TalESM1 outputs dynamically
downscaled with the WRF model to generate local atmospheric forcing, subsequent
Regional Ocean Modeling System (ROMS) simulations produced three-dimensional
fields of sea temperature, currents, salinity, sea level height, and mixed layer depth. The
dataset enables species-specific climate impact assessments, revealing spatial
variability in high-temperature days for Sergia lucens, a northward shift in Mugil
cephalus fishing grounds, and seasonal changes in suitable fishing days for Portunus
pelagicus. Furthermore, 9 km resolution sea level projections could greatly improve
coastal inundation risk evaluations. By addressing the long-standing limitation of low-
resolution ocean data, this data set provides a robust basis for assessing shifts in fishing
grounds, seasons, and ecosystem conditions under climate change. Continued cross-
sectoral collaboration will be essential to refine projections, enhance impact models,
and support adaptive management for Taiwan’s fisheries and coastal communities.
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