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Fig. 5 Taylor diagram of CMIP6 model simulations of 30-year seasonal mean sea ice distribution in the Barents Sea (a), Chukchi Sea (b),

and Bering Sea (c)
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Fig. 6 Monthly climatology of sea ice area, light duration under ice, mixed layer depth, surface nitrate concentration, and surface chloro-

phyll a concentration in the Barents Sea, Chukchi Sea, and Bering Sea
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Fig. 7 Simulation and grouping of earth system model parameters in the Barents Sea (a), Chukchi Sea (b), and Bering Sea (c)
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Analyze simulation errors of phytoplankton blooms in typical Arctic seas
based on CMIP6 models

Yang Meiqing', Feng Zhixuan"?, Song Hongjun’

(1. State Key Laboratory of Estuarine and Coastal Research, East China Normal University, Shanghai 200241, China; 2. Institute of Eco-
Chongming, East China Normal University, Shanghai 202162, China; 3. Key Laboratory of Marine Ecological Environment Science and
Technology, First Institute of Oceanography, Ministry of Natural Resources, Qingdao 266061, China)

Abstract: Phytoplankton blooms in polar regions with seasonal sea ice cover show a unimodal seasonality.
However, the bloom processes are controlled by multiple physical and biogeochemical factors, including sea ice,
light availability, mixed layer depth, and nutrients; those may result in great uncertainties in simulating phytoplank-
ton bloom by the Earth System Models (ESMs). In this study, the results of 11 Coupled Model Intercomparison
Phase-6 (CMIP6) ESMs were analyzed and evaluated with various types of observational products in order to de-
termine whether those ESMs can correctly model the phytoplankton blooms in three Arctic shelf seas, Barents Sea,
Chukchi Sea, and Bering Sea. By calculating multiple indices that represent light and nutrient limitations, the error
sources of simulated surface chlorophyll a concentrations were comprehensively analyzed. Our results show that
the 11 ESMs can be divided into three groups based on ice-adjusted photoperiod, rate of change of mixed layer
depth, and surface nitrate concentration. Some groups are characterized by the smallest bias between modeled in-
dices and observation-based reference, and those ESMs perform best in simulating phytoplankton bloom character-
istics. The other groups of ESMs differ significantly from the reference values in terms of surface nitrate and/or rate
of change of mixed layer depth, resulting in delayed occurrences of annual chlorophyll ¢ peak concentration and
greater differences in corresponding peak values. In general, in addition to the two primary constraints of light and
nutrients, the ESMs should also well represent the upper mixed layer controlled by temperature and salinity distribu-
tions, so as to accurately simulate the seasonal variation of surface chlorophyll @ concentration. The above analyses
indicate ESMs can be used in assessing polar planktonic ecosystems, and there is room for improving ecosystem-re-

lated parametrization in future ESM development.

Key words: Arctic Ocean; sea ice; phytoplankton bloom; upper mixed layer; earth system models; CMIP6
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