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Developing a drift—free multi—year Earth System Prediction System

Axel Timmermann'?, Yoshimitsu Chikamoto®, Yong—Yub Kim!?, June—Yi Lee!?

ITBS Center for Climate Physics
?Pusan National University
*Utah State University

Multi-year Earth system model forecasts can offer valuable information to improve decision-making in
various sectors, including agriculture, renewable energy, water resources, coastal resilience, infrastructure
planning, humanitarian aid, forestry, public health, and fisheries. Here, | will present an overview of a multi-
year prediction system (MYPS), which we initially developed at the International Pacific Center at the
University of Hawai'i and which has been further improved since then at the IBS Center for Climate Physics
and Utah State University. The MYPS is based on the Community Earth System Model (versions 1 and 2)
and uses a simple 3-dimensional data assimilation scheme for temperature and salinity anomalies. Using
ocean anomaly rather than full ocean data assimilation has many notable advantages: it i) reduces coupling
shocks, ii) eliminates the need for a posteriori skill corrections, iii) helps to disentangle contributions from
internal variability (1st order predictability) and external forcings (2nd order predictability). The prediction
system has remarkable multi-year skill for key climate processes, such as the AMOC, modes of decadal
climate variability, vegetation, soil moisture, and even wildfires in North America. In my presentation, | will
also discuss challenges in initializing marine biogeochemical variables using physical constraints only, and
present an improved method to determine the “true” forecast skill of multi-year forecasts, which eliminates
artificial skill inflation from ensemble mean trajectories.
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Understanding Land Surface Processes: A Key to Improving Weather
Forecast and Climate Predictions

Eunkyo Seo

'Department of Environmental Atmospheric Sciences, Pukyong National University
2Center for Ocean—Land—Atmosphere Studies, George Mason University

Land surface models (LSMs) have been treated primarily as boundary conditions for atmospheric
models, with limited emphasis on their evaluation or feedbacks with the atmosphere, leading to substantial
biases in land reanalysis products. These shortcomings reduce confidence in understanding land-
atmosphere interactions and relevant hydrometeorological extremes, which requires the comprehensive
evaluation against ground-based observations and process-based model development that explicitly
incorporates land-atmosphere coupling. Improving the representation of land surface variables is critical to
reducing surface biases and enhancing the physical realism of LSMSs.

The role of land processes extends well beyond boundary forcing. For weather forecasts, realistic
initialization of land states (i.e., soil moisture) improves short- to medium-range prediction by influencing
surface water and energy balance and its influence on boundary-layer development, directly affecting
heatwaves, convection, and rainfall. For climate predictions, slowly varying land variables (i.e., snow cover
and vegetation) provide relatively longer memory that contributes to predictability on monthly to seasonal
scales, while long-term changes modulate variability and extremes. The realism of land processes and their
cooperation into coupled prediction systems will enhance forecast skill and climate projection, supporting
better preparedness for extreme events and climate risks.
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