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K-R20 in Action: Bridging Research and Operation through the
APCC Testbed for Seasonal Climate Prediction
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Given the importance of operation and development of seasonal climate prediction system, a
customized research-to-operation process tailored for circumstances in South Korea (K-R20) has been
proposed to increase our capacity for resource-sharing and collaborative efforts for the improvement of
a climate prediction model. It follows a stepwise process from planning and R&D to operation, through
testbed, with different parties, such as Korea Meteorological Administration (KMA), National Institute
of Meteorological Sciences (NIMS), academies and APEC Climate Center (APCC), responsible for its
components. The new aspect of K-R20, testbed by APCC evaluates the techniques developed by the
R&D parties in the near operational environment, and consequently leads the proper techniques to
operationalization.

As practical application of this framework, the coupled data assimilation initialization, adjustment of sea-
ice albedo, and application of new convection scheme developed by academies are tested and evaluated in
APCC testbed to improve the current operational climate prediction system, the Global Seasonal Forecast
System version6 (GloSea6), of KMA and NIMS. The case study of coupled initialization for 2022 shows that
warm and wet biases over the tropical western Pacific for boreal summer in the current operation could
be decreased, and better Madden-Julian Oscillation (MJO) and Boreal Summer Intraseasonal Oscillation
(BSISO) could be represented, based data assimilation. The appropriate adjustment of sea-ice albedo
could in general lead the improvement in predicting Warm Arctic-Cold Eurasia (WACE) pattern and the
variability of boreal winter temperature over the East Asia. The implementation of new convection scheme
shows the limited reproducibility of convective precipitation and associated underestimation of water vapor
dissipation, suggesting the further development. Some technical and scientific issues on these techniques
for the operationalization are discussed. Finally, the plan for testbed and operationalization of the current
operational prediction system, and the potential of the testbed for the new and next-generational climate
predictions system will be addressed.

Keywords: Research-to-Operation (R20), Testbed, GloSea6, Seasonal climate prediction
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The East Asian marginal seas (EAMS) are among the most rapidly warming regions of the global ocean,
exerting strong impacts on seasonal climate and regional extremes. This study investigates the predictability
of sea surface temperature (SST) in the EAMS using a mode-based statistical framework. A season-reliant
empirical orthogonal function (SEOF) analysis is applied to SST anomalies, identifying leading modes
connected to large-scale teleconnection patterns and higher-order modes that mainly represent regional
subseasonal variability. The leading modes reveal robust links to remote climate processes and provide
generally high prediction skill across both short- and long-lead times in different seasons. By comparison,
current dynamical forecast systems capture aspects of the SEOF-derived structures at short leads but show
limited ability to reproduce these teleconnection-linked patterns at longer leads. These findings highlight the
importance of teleconnection-resolving modes for regional SST predictability and suggest opportunities for
improving seasonal prediction inthe EAMS.

Keywords: East Asian marginal seas, sea surface temperature (SST), predictability, teleconnection,
season-reliant empirical orthogonal function (SEOF)
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Wind energy is central to global decarbonization strategies, yet its long-term reliability under climate
change remains poorly understood. Using a large ensemble of Community Earth System Model 1.2
simulations with symmetric CO, positive and negative emission scenarios, we assess the asymmetry and
hysteresis in global wind energy resource (WER). Our findings reveal that approximately 59% of global land
areas exhibit irreversible changes in WER, where wind resources fail to return to baseline levels despite full
CO, recovery. Strong hysteresis is identified in the Central United States, Argentina, South Australia, and
Central Africa, driven by altered mainly surface warming and vegetation feedbacks. In contrast, regions
such as Western Europe and South Asia show weak or reversed hysteresis. These results highlight a critical
knowledge gap in energy-climate planning: wind energy potential may not rebound with CO, drawdown,
challenging the assumption of resource reversibility and requiring adaptive energy policy and infrastructure
strategies.

Keywords: Negative CO, emission, wind energy, supply-demand, wind speed.
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