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Abstract Primary production in the Bering and Chukchi Seas is strongly influenced

by the annual cycle of sea ice. Here pelagic and sea ice algal ecosystems coexist and
interact with each other. Ecosystem modeling of sea ice associated phytoplankton
blooms has been understudied compared to open water ecosystem model applications.

This study introduces a general coupled ice-ocean ecosystem model with equations and
parameters for 1-0 and 3-D applications that is based on 1-0 coupled ice-ocean eco­
system model development in the landfast ice in the Chukchi Sea and marginal ice
zone of Bering Sea. The biological model includes both pelagic and sea ice algal habi­
tats with 10 compartments: three phytoplankton (pelagic diatom, flagellates and ice
algae: D. F, and Ai) , three zooplankton (copepods, large zooplankton, and micro­
zooplankton: ZS. ZL, ZP). three nutrients (nitrate + nitrite, ammonium, silicon:
N03 • NH4 , Si) and detritus ( Del). The coupling of the biological models with phys­
ical ocean models is straightforward with just the addition of the advection and diffu­
sion terms to the ecosystem model. The coupling with a multi-category sea ice model

requires the same calculation of the sea ice ecosystem model in each ice thickness cat­
egory and the redistribution between categories caused by both dynamic and thennody­
namic forcing as in the physical model. Phytoplankton and ice algal self-shading effect

is the sole feedback from the ecosystem model to the physical model.
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1 Introduction

The Bering and Chukchi Seas are important high-latitude ecosystems that are subject to
amplified global warming effects. The contribution of sea ice associated primary production
to the annual production increases from the seasonally ice covered Bering, Chukchi and
coastal Beaufort Seas to the perennially ice covered central basin of the Arctic Ocean. The
rising temperature and reducing sea ice cover in the Bering Sea in recent years has pro­
foundly impacted the ecosystem in many ways, such as shifting the timing and magnitude of
the sea ice algal and other pelagic phytoplankton production, and their contribution to the
pelagic and benthic food webs [1-3]. Ecosystem changes have also been reported for the
Chukchi Sea. Ice-associated phytoplankton blooms are important, not only because of their
contribution to the annual primary production, but also because of their role in timing, mag-
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