LA-UR-22-27180

Approved for public release; distribution is unlimited.

Title: Simulating physical and biogeochemical dynamics of the Arctic Ocean
Author(s): Maltrud, Mathew Einar

Intended for: Report

Issued: 2022-07-20

1% Los Alamos



1% Los Alamos NYSE

NATIONAL LABORATORY National Nuclear Security Administration

Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National Nuclear Security
Administration of U.S. Department of Energy under contract 89233218CNA000001. By approving this article, the publisher recognizes that the U.S. Government
retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution, or to allow others to do so, for U.S. Government
purposes. Los Alamos National Laboratory requests that the publisher identify this article as work performed under the auspices of the U.S. Department of
Energy. Los Alamos National Laboratory strongly supports academic freedom and a researcher's right to publish; as an institution, however, the Laboratory does
not endorse the viewpoint of a publication or guarantee its technical correctness.



Simulating physical and biogeochemical dynamics of the Arctic Ocean (w21_arcticbgc)
Mathew Maltrud (T-3)

Ocean physics (currents, mixing, air-sea transfer of heat
and gases) and biogeochemistry (carbon and oxygen
cycles, ecosystem dynamics, nutrient distributions) are
tightly coupled.

We used the DOE-developed Energy Exascale Earth
System Model (E3SM) to simulate physical and
biogeochemical dynamics of the global ocean, with an
emphasis on the western North Pacific.

In particular, we used the grid refinement capability of
E3SM’s ocean component (LANL-developed MPAS-
Ocean) to quantify the effect of model resolution on the
carbon and oxygen cycles using a pair of century-long
simulations that differ only in the western North Pacific
grid.

Regional grid refinement has a noticeable impact on
biogeochemistry. Distribution of important nutrients
(such as nitrate) changes the amount of photosynthesis
by phytoplankton, which in turn affects air-sea transfer
of CO2 and the local carbon cycle.

LATITUDE

LATITUDE

T
1207 60°W 4

T T T I
1200 BOW o o

T
80°E

Cell-averaged grid length (km) of (a) the standard mesh and (b) the Kuroshio-focused
mesh showing enhanced resolution (minimum of 12 km) resolution in the North Pacific
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Surface NO3z concentration (mmol/m3) at the same model time for (a) the standard
mesh and (b) the Kuroshio-focused mesh. The size of the grid cells can be seen in the
coarse resolution regions of both grids.



