Novel spectrally resolved bio-optical module to improve representation
of biogeochemistry in the North West European Shelf
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Objectives

Implementation into ERSEM

I Develop stand-alone spectrally resolved optical module within the
Framework for Aquatic and Biogeochemical Models (FABM).
I Integrate the module into European Regional Seas Ecosystem Model
(ERSEM) to improve representation of biogeochemistry on the North West
European (NWE) Shelf (AMM7 domain).
I Assimilate the observed phytoplankton functional type spectral absorption
into ERSEM.
Overview of the module

A novel stand-alone module that uses the atmospheric inputs (eg. ERA
interim data for ozone, water vapour, cloud cover) to calculate radiation
entering the water column. Unlike the previously used light modules here
the short-wave radiation is: A) spectrally resolved, which is important since
different wave-lengths are absorbed differently (e.g by phytoplankton,
dissolved organic matter), B) the module resolves the angle of the incoming
radiation (direct vs diffuse radiation), the angle being an important factor
in how the light penetrates into the water column. The light module is
expected to have substantial impact on how the ecosystem model represents
primary production and consequently the whole ecosystem dynamics.

Left panels show the spatial maps of total chlorophyll-a surface annual
median concentrations (mg /m3) comparing the model run without the
optical module (”old model”) with the satellite CCI data (”EO”). Right
panel shows the difference in surface chlorophyll-a (mg /m3) due to the
bio-optical module. The bio-optical module changes the total chlorophyll-a
dominantly in the northern part of the domain, mostly increasing its
concentrations. This is probably due to enhanced primary production driven
by the positively biased SWR.

The light field and the primary production in the water column at a selected
location in the central North Sea. The upper plot shows the SWR in the
water column, the middle plot the chlorophyll-a distribution in the water
column and the bottom plot shows the difference in chlorophyll-a
concentrations due to bio-optical module.
Validation using total
chlorophyll-a in situ ICES
data-set on the NWE Shelf.
The in-situ validation showed
that bio-optical module
improved the ERSEM skill to
represent chlorophyll-a, and the
improvement was better in
deeper water. The skill was
improved by 13% in < 10m
depth, 22% in 10-40m depth
and by 52% in > 40m depth.

Validation

Conclusions

Validation of total downwelling ShortWave Radiation (SWR) flux into the
water column (before albedo). The model output is compared with the ERA
interim product. The left panel shows SWR bias relative to the observed
values. The (positive) bias is < 20% in most of the domain, but grows to
100-120% in the north-east part of the domain. The right panel displays
the diffuse-to-total short-wave radiation ratio and clearly shows that the
SWR positive bias is related to areas where direct radiation dominates over
diffuse radiation. The (positive) SWR bias is therefore assumed to result
from model underestimating the amount of light scattered by aerosols.

The in situ validation showed that the novel bio-optical module improved
ERSEM skill to represent primary production on the NWE Shelf and the
improvement gets better with the increased depth. The module increases
positive bias in surface chlorophyll concentrations within the northern part
of the domain (mostly outside the Shelf). This is because the module
overestimates total SWR in the northern regions, probably due to
underestimated aerosol light scattering. Work is being undertaken to 1.
improve the representation of aerosols in the module, 2. to implement data
assimilation of optical absorption into ERSEM, 3. in the future the module
will be used to provide bogeochemical feedback on physics (temperature
profiles).
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