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Pan-Arctic IIEE : ABSTRACT: The response of Arctic sea ice to a warming climate is a critical indicator in climate modeling, as studied in earth system models (ESMs), including the models from the Coupled Model Intercomparison
: Project Phase 6 (CMIP6). Our comprehensive analysis evaluates the historical representation of sea ice against satellite observations, the Pan-Arctic Ice Ocean Modeling and Assimilation System, and the Regional
Arctic System Model. We found that, while the CMIP6 multi-model mean captures the mean annual cycle and the 1979-2014 sea ice trends, individual models demonstrate substantial variability in spatial distribution
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and sea ice decline rates. Notably, 40% of the CMIP6 models and 13% of the ensemble members depict the observed trends and acceleration in sea ice area (SIA) decline. However, simulations of sea ice volume Gow 190 2000 00 om0 190 2000 200 1980 e 2000 2010

(SIV) present a larger spread and uncertainty, suggesting a need for improved observational constraints. Our findings reveal pronounced regional model biases and errors in ice edge and thickness, particularly in

marginal and shelf seas, highlighting the models' limitations in capturing key physical processes potentially tied to oceanic forcing. The sea ice trend analysis indicates that models with higher ocean heat transport

better simulate sea ice declines, hinting at an emergent constraint related to ice-ocean interactions and the necessity for enhanced modeling of processes like frazil ice growth. Therefore, accurate projections of Arctic
_ climate change are required to 1dentify model deficiencies, refine our understanding at the process level, and possibly enhance model physics.
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U Similar to the CMIPS5, all CMIP6 models simulate a decline of sea ice, regardless of their
initial conditions, but the accelerated rates appear to vary in intensity between models.
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| ( , g Most CMIP6 models show an accelerated decline in
5p | / ’ o7 & & O both sea ice area and sea ice volume.
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Observations (10° km? decade™)
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fre mms | Figure 9. Anomaly trends (TW yr'; 1979-2014) of the 18 CMIP6 model's poleward ocean heat transport (OHT; underestimate the observed trend of SIA decline.
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demonstrates skill in simulating the observed

decline and accelerated trends in SIA.

It requires further process-level investigations into
the model simulation of ocean heat transport to
better understand its impact on sea ice decline.
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The RASM is a limited-domain, fully-coupled, high-resolution
atmosphere, ocean, ice, and land model. The primary
components are the Weather Research and Forecasting
(WRF3.7), Los Alamos National Laboratory (LANL) Parallel
Ocean Program (POP2) and Sea Ice Model (CICE®6), the
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