Computational Green Ocean
Sustainability
Chasing flexibility and performance in a universe of models, algorithms, hardware and programming languages

Green ocean
Why is ecosystem dynamics so important for interpreting climate change
impacts?
Firstly, because of the nature of food webs in the ocean. Phytoplankton, the
smallest marine organisms, transform energy from the sun into organic tissue.
Phytoplankton are eaten by zooplankton, which are eaten by small fish, and these
by bigger fish and so on. Changes in the abundance, type and distribution of
phyto- and zoo-plankton result in complex impacts on the distribution and
production of fish populations.
Secondly, because marine ecosystems have an influence on the composition of
gases in the atmosphere. Indeed, the production and sinking of organic particles in
the oceans helps regulate the concentration of the main greenhouse gas, CO2.
Without the action of marine ecosystems atmospheric CO2 would be 1.5 times
higher than it is today. Any changes in marine ecosystems could have an impact
on atmospheric CO2. Marine ecosystems also emit other greenhouse gases and
DMS (dimethyl sulfide), which has a cooling effect on climate.
http://www.coastalwiki.org/wiki/Green_Ocean_modelling
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Future Ocean: Sustainable ocean
Sustainable research in ocean sustainability
Sustainable software for numerical experiments
How? Make software development sustainable

We exemplified this for the biogeochemical component of the
Max Planck Institute Ocean Model (MPIOM), namely the
HAMburg Ocean Carbon Cycle (HAMOCC) model (see Figure
1).
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To integrate HAMOCC into the simulation framework we used
the application programming interface (API) for biogeochemical models (BGC) introduced by Piwonski and Slawig,
2016. The following code shows a Fortran realization of the
BGC API:
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Figure 1 Comparison of MPIOM/HAMOCC (left) and Metos3D/HAMOCC (right) simulation
runs. Top: Age tracer. Bottom: Global annual organic matter export.

subroutine bgc(ny, nx, nu, nb, nd, dt, q, t, y, u, b, d)
implicit none
integer :: ny, nx, nu, nb, nd
real(8) :: dt, q(nx, ny), t, y(nx, ny), u(nu),
real(8) :: b(nb), d(nx, nd)
end subroutine

Metos3D
Marine Ecosystem Toolkit for Optimization and Simulation in 3-D,
https://github.com/metos3d/
Metos3D is built around the BGC API and allows a flexible
coupling of different biogeochemical components. As such we
are able to compare different ecosystem modellings under the
same transport conditions (see Figure 2).
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Figure 2 Metos3D/HAMOCC spinup compared to a N, N-DOP and NPZD-DOP simulation run.
Left: Global annual primary production within the euphotic zone. Right: Global annual organic
matter export (HAMOCC: 90 m; N, N-DOP, NPZD-DOP: 120 m)

[Piwonski and Slawig, 2016]
Metos3D: the Marine Ecosystem Toolkit for Optimization and Simulation in 3-D – Part 1:
Simulation Package v0.3.2, https://www.geosci-model-dev.net/9/3729/2016/

