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1 VECTORS Overview

‘VECTORS seeks to develop integrated, multidisciplinary research-based understanding that will
contribute the information and knowledge required for addressing forthcoming requirements, policies
and regulations across multiple sectors.’

Marine life makes a substantial contribution to the economy and society of Europe. In reflection of
this VECTORS is a substantial integrated EU funded project of 38 partner institutes and a budget of
€16.33 million. It aims to elucidate the drivers, pressures and vectors that cause change in marine life,
the mechanisns by which they do so, the impacts that they have on ecosystem structures and
functioning, and on the economics of associated marine sectors and society. VECTORS will
particularly focus on causes and consequences of invasive alien species, outbreak forming species,
and changes In fish distribution and productivity. New and existing knowledge and insight will be
synthesized and integrated to project changes in marine life, ecosystems and economies under future
scenarios for adaptation and mitigation in the light of new technologies, fishing strategies and policy
needs. VECTORS will evaluate current forms and mechanisnms of marine governance in relation to
the vectors of change. Based on its findings, VECTORS will provide solutions and tools for relevant
stakeholders and policymakers, to be available for use during the lifetime of the project.

The project will address a complex array of interests comprising areas of concern for marine life,
biodiversity, sectoral interests, regional seas, and academic disciplines and especially the interests of
stakeholders. VECTORS will ensure that the links and interactions between all these areas of interest
are explored, explained, modeled and communicated effectively to the relevant stakeholders. The
VECTORS consortiumis extremely experienced and genuinely multidisciplinary. It includes a mixture
of natural scientists with knowledge of socio-economic aspects, and social scientists (environmental
economists, policy and governance analysts and ervironmental law specialists) with interests in
natural system functioning. VECTORS is therefore fully equipped to deliver the integrated
interdisciplinary research required to achieve its objectives with maximal impact in the arenas of
science, policy, management and society.

WWW.marine-vectors.eu
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1 Executive Summary

This deliverable describes a series of products made available to the consortium. The products
consist of a generic methodology for calculating new production, total primary production and f-
ratios. The methodology has been tested and compared to new runs of existing numerical
models for the years 2003 to 2008 in the North Sea region. All underlying data, model outputs
and software tools for aggregation, comparison and visualization of the results are available on
the VECTORS repository at Deltares, the Netherlands, and will be managed according to
WP7.5 data management procedures.
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2  Summary

A generic model for new primary production has been developed and made available to the
consortium. The model is based on the work of Heath and Beare (2008). It calculates new
production based on the decrease of interpolated measurements of nitrate concentrations
during the growth season. Due to reasons of data availahility, the model cannot be applied in
the Western Mediterranean yet. For conceptual reasons, the model is expected to perform
poorly in the Baltic Sea, for this reason it has not yet been applied for the Baltic Sea area. For
the North Sea, new primary production is about 10 -50 % of the total primary production on
average, depending which model is used for calculating total primary production. Remote
Sensing derived primary production were highest, while two coupled physical-biological model
systems gave lower results. All model results, software tools for aggregation and analyses are
available for the consortium via the VECTORS repository at Deltares.

3 Introduction
WP2.2. Task 2.2.1 Assess energy input to the system.
Start citation DoW:

“A model for ‘new primary production will be constructed utilizing a combination of satellite
data, nutrient input data and hydrodynamic flow fields. The quantity of energy being input to the
system will then become a base line for quantifying the fate of production as it dissipates
through the trophic network. We will combine satellite derived estimates of total primary
production with estimates of new primary production to produce spatio-temporally explicit
distributions of f-ratio. (Note: In oceanic biogeochemistry, the f-ratio is the fraction of total
primary production fuelled by nitrate (as opposed to that fuelled by other nitrogen compounds
such as ammonium). This fraction is significant because it is assumed to be directly related to
the sinking (export) flux of organic marine snow from the surface ocean by the biological punp
(Eppley and Peterson, 1979). New production will be estimated using the extensive European
databases of nitrate concentration available from the International Council for the Exploration of
the Seas (ICES), taking advantage of the fact that the annual increase in phytoplankton growth
in spring results in a rapid depletion of nitrate in the water column which is required for building
biological tissues. These uptake rates will be quantified over large scales of space and time,
and estimates of new primary production will be cross-validated with modeling results of
existing deterministic models (e.g. North Sea model) to develop a generic methodology that
can be applied for all regional seas. “

End citation DoW.

The energy input into marine ecosystems can be defined in different ways, but is usually
expressed as the net amount of carbon produced per area per time. It can be estimated in
different ways. In principle, it can be measured directly by determining the carbon uptake of
phytoplankton in a grid that is spatially and temporally sufficient to cover an area, e.g. the North
Sea. Such measurements are expensive and time-consuming, and notoriously difficult to
perform resulting in high inaccuracies and high costs. For that reason, the energy input is
calculated using derived variables, such as nutrient concentrations, phytoplankton biomass and
often in combination with mathemetical modeling techniques. Remote sensing can be used to
improve spatial coverage of phytoplankton biomass estimates.
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4  Objectives
This deliverable is one of the products of WP 2.2.

WP 2.2 has four objectives: To identify and describe generic mechanisms of change in
productivity and species distributions within and across ecosysters:

1. To identify the changes in pathwmays and/or rates of turnover which impact the flow of
primary production on its passage up the subsequent trophic cascade/network.

2. To determine how this flow of energy affects, and is in tumn affected by, the life cycles,
motilities, and spatial distributions of species within the ecosystem

3. To distinguish those mechanisms of changes in fish distribution and productivity that
are caused by environmental and humantinduced changes including evaluation of
feedback mechanisms between altered availability of this biomass for harvesting, and
exploitation patterns.

4. Advance integration of mopdels to assess the feedback effects of changes in
productivity on distributions.

This deliverable provides a baseline of primary production in European regional seas to be
used by other models within VECTORS, and therefore contributes to objectives 1 and 4., The
deliverable will be used by other work packages as

- abaseline for energy input into marine ecosystems

- for integration of primary production in other model components and data products.

5 Intended use of primary production fields in the project —connections with other
work packages

The results of the primary production models can be successfully used in the project when the
output parameters fulfil the needs of the models that they feed into. Within the different work
packages in VECTORS, different model systems are used to describe distribution and
productivity of fish and other higher trophic level organisms. All of these models may require
the primary production fields produced in this deliverable. Since there is no standard way of
expressing primary production or primary producer standing stocks, the different receiver
models have specific requirements concerning the way that primary production is expressed.
The results presented here are predominantly in production terns i.e. fluxes of carbon, the
most relevant unit when defining energy inputs into ecosystems and energy flows through food
webs. However, model outputs also contain concentrations of nutrients, and, dependent on the
model, biomass concentrations of algal species groups. Furthermore, post-processing of the
presented results should provide each higher trophic level model with its required input
parameters.

As such, WP2.2 contributes to other work packages that deal with the effects of changing
pressures on the functioning of ecosystems, WP 3.1 (Ecosystem structure and functioning),
WP3.2 (Ecosystem Services) determining changes in carbon flows that contribute to the
ecosystem service of climate regulation, and future projections of changes in ecosystem
productivity and higher trophic level species distributions due to varying pressures, \WP5.1
(Ecosystem futures).
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6 Methods
6.1 Nitrate-based “new production”

6.1.1 Principles

Primary production is accompanied by the uptake of nutrients in the photic zone. The total
community uptake of nitrate is estimated by the decrease of spatially aggregated nitrate
concentration data during the spring phytoplankton gronth season, combined with known
influxes of nitrate during that period and an estimate of the vertically transported nitrate from
deeper layers (Heath & Beare, 2006).

Rate of nitrate uptake = riverine input + atmospheric input + vertical exchange — observed rate
of change

In practice, riverine and atmospheric inputs are accounted for in months where nitrate uptake is
low, because they contribute to the observed concentrations. For the spring growth season,
inputs need to be added to the fitted model. As a first approach, the explicit addition of riverine
and atmospheric loads in the growth season was left out. This results in a slight
underestimation of new primary production in the order of 5% (river discharge) and 3 %
(atmospheric depasition) (Heath & Beare, 2006).

The model was fitted in the open source statistical package R Version 2.15.0. See Appendix A
for details on the model.

6.1.2 Available data and other constraints in relation to case study areas

Nitrate and/or nitrite concentration data were obtained from the ICES oceanographic database
(wwuices.dk). This is a high-quality database of national monitoring and research cruise data
in marine water sustained by ICES countries. An online copy of the database is available for
VECTORS partners via a Deltares PostgreSQL/PostGIS database server. Data availability for
the years 2003 to 2008 is good as compared to cother years in general. However, data
availahility varies strongly per region. In the North Sea and Baltic Sea, nitrate data coverage is
reasonable to good for the different years, in the Western Mediterranean, hardly any data are
available from this database (Fgure 6.2). Also, no nutrient data for this period are available
from the European Environment Agency. To our current knowledge, there is no other central
database that could provide sufficient nutrient data for the Mediterranean at the moment.

The Baltic Sea is hydrographically complex, showing both a seasonal temperature stratification
and a permanent salinity stratification. Furthermore, primary production in the Baltic Sea is
partly based on atmospheric nitrogen gas through nitrogen-fixing cyanobacteria. Moreover, due
to low oxygen concentrations denitrification in the water colunmn is relatively high (e.g. VWUIff et
al., 2001, Savchuk, 2005). For these reasons, nitrate-based new primary production has so far
only been estimated for the North Sea.

6.1.3 North Sea
Horizontal and vertical resolution of the model

Monthly averaged data on nitrate-+nitrite concentration, when available, were calculated for
each ICES rectangle for the years 2003 — 2008 at two depth intervals, deeper and shallower
than 30 m, following the methodology of Heath and Beare (2008). When no nitrite
concentration was available at a position where nitrate was measured, nitrite concentration was
assumed to be zero. A General Additive Model was then fitted to model the variation in nitrate
+ nitrite concentration spatially and temporally. Different model fits were tried, and an inverse
link model was chasen to give the best prediction of the measured values (Fgure 6.1).

6
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The depth of each ICES rectangle was calculated as the average for all available depths (<0)
using the ETOPO5 5' gridded elevation data set for the North Sea area obtained from National
Geophysical Data Centre, wwwv.ngdc.noaa.gov/mgg/alobal/global.html accessed june 2012.

Nitrate consumption was then calculated as
suface © deep the difference between the maximum and
minimum depth-integrated nitrate
concentrations for each ICES rectangle.
Fnally, nitrate consumption was converted
into carbon production (g C m?2 yr1) by using
a C/N molar ratio of 6.625 (Redfield ratio) and
a carbon molecular weight of 12 folloning the
overall methodology of Heath & Beare (2008).

Foure 6.1. Observed and predicted nitrate
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Fgure 6.2: Data availability of nitrate measurements in the ICES oceanographic database in
the European regional seas. Colors indicating different years are partly on top of each other.

6.14 Model workflow

The model is run in the R environment. Nitrate data are selected and downloaded from a
postgreSQL/PostGIS database containing ICES oceanographic data up to 2010. Rasters at
ICES rectangle scale to be used to extract aggregated nutrient data from the database are

7
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available for all three regional seas in the database. Scripts and initial file with aggregated
nitrate data “nitrate2003-2008.csv’ are available at the VECTORS repository, but can easily be
updated when necessary according to the workflow presented in Fgure 6.3.

ICES Oceanographic database (PostgreSQL copy)

ICES
rectangles in
ocean icesraster the North
IR B _ns Sea,
[ geometry
PostgreSQL copy
of ICES
o?amgraparilc Database
atabase Runs
Deltares s

SQLAvg
Nitrate+nitrite
per month and
ICES rectangle VECTOR_
nitrate_new.r” Rl

SelectAndFetch nitrate2003-
_NOx.r 4 2008.csv

Hgure 6.3. Workflow of the new production model based on nitrate consumption.

6.1.5 Results

Nitrate-based new production maps show low production in the central North Sea, while higher
production occurs at the coast and the deeper northern parts of the North Sea area (Fgure
6.4). Deeper parts (>200m) of the North Sea were left out of the results presentation. In some
of the deeper parts, new primary production estimates were unrealistically high (up to 2000 gC
m2 yr-1) probably caused by the fact that they lie at the edge of the interpolated areas where
measurement frequency is low, and the depth-integrated production can be very uncertain due
to the great depth.
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Hgure 6.4. Modelled new production based on measurements of nitrate uptake during a
season (gC m?2 yrl). ICES rectangles with average depth > 200 m are excluded from the
analyses due to high uncertainty in such areas.
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6.2 Total net primary production from satellite data

6.2.1 Introduction- overview of satellite data related to primary production

The sensors of remote sensing satellites such as MODIS and ENVISAT MERIS are used to
measure the concentration of chlorophyll-a and hence to estimate net primary production of
the ocean water surface. The Moderate Resolution Imaging Spectroradiometer-MODIS (or
Moderate Resolution Imaging Spectroradiometer) is a key instrument aboard the Terra (EOS
AM) and Agua (ECS PM) satellites. The instrument has 36 spectral bands, measuring the
reflected sun light in range from 405 nmto 536 nm (visible spectrumred, green, blue, yellow) in
resolution from 250 to 500 meters to 1 (one) kilometre. The satellite views the entire Earth®
surface every 1to 2 days.

The ENVISAT MERIS satellite (Environmental satellite) is a medium resolution imaging
instrument, similar to MODIS. The satellite measures the chlorophyll concentration in 15
spectral bands, within a spectral range from 390 nm to 1040 nm (visible spectrum red, green,
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blue, yellow and near-infrared). The ENVISAT has a resolution of 300 meters, which is more
advanced compared with MODIS.

The advantage of the MODIS satellite is data availability and the option to get daily
measurements of chlorophyil concentration over the same area. There are several products
offered by NASA's (National Aeronautics and Space Administration, USA) MODIS data and
Ocean Color groups . The Net Primary Production product (see links below) is used in this
study and is estimated using standard and Eppley Vertically Generalized Production Models
(VGPM). The other estimations include particulate inorganic carbon (Gordon and Balch
algorithm), particulate organic carbon (Stramski algorithm), coloured dissolved organic matter
index (Morel algorithm), daily mean photosynthetically available radiation (Frouin algorithm)
and instantaneous photosynthetically available radiation.

Detailed descriptions of these MODIS data and products are available at:
MODIS data website- http://modis.gsfc.nasa.gov/
Ocean Color website- hitp://oceancolor.gsfc.nasa.qov

The archived data starting from the early 1980s is available at the Ocean Color archive, from
the CZCS and SeaWfs satellite. Table 8.2.1 presents a description of satellites and parameters
used as input in primary production models.

Table 8.2.1- Description of satellites

Satellite

Description of the products

Parameters for primary
production models

MODIS (250-500 meters
and 1km resolution)

MERIS ENVISAT
(resolution  over
1040mx 1200 m)

ocean

SeaWfs (1 km resolution)
archived data 1998-2010
(mission ended December
2010).

Measurement of  chlorophyll in
following wavelengths range:

405420 nm; 438-448 nm; 483-493
nm; 526-536 nm

The computation of chlorophyll is
result of ratio of blue and green bands
of the satellite sensor. Blue band
records the peak of reflectance by
water body in blue light; green band-
peak of reflectance of vegetation and
chlorophyll.

In general, phytoplankton absorbs
blue light more intense than the green
light.

Spectral range- 412-1050 nm.

The phytoplankton  (algae) is
measured using wavelength of 442.5
nm, where there is a peak of
chlorophyil absorption by blue light.

Measurement of ocean color, in
particular ~ the  variations  in
concentration of chlorophyll (mg/ims).
The highest chlorophyll concentrations
represents the bloom.

-MODIS surface
concentrations (Chlsat),
-MODIS sea surface temperature data
(SSD),

-MODIS cloud-corrected incident  daily
photosynthetically active radiation (PAR)

chlorophyil

The main applications of the MERIS data
to analyze the ocean upper layer are:

-the photosynthetic potential by detecting
the amount of phytoplankton (algae);

- the estimation of amount of yellow
substance (dissolved organic material);
Variations of chlorophyll concentration, in
mg/ne.

10
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6.22 Description of data availability for the North Sea, Baltic Seaand
Mediterranean Sea

6221 Fags

When data is processed from raw level, checks are made for different predefined conditions.
When certain tests and conditions are met for a given pixel, a flag is set for that pixel for that
condition, and the pixel is still processed. A total of 31 flags can be set for each pixel and for
each image pixel more than one flag can be applied.

The description of flags found in MODIS data:

Code Description

ATMFAIL Atmospheric correction failure frominvalid inputs
LANC Land

COASTZ Shallow water

CLDICE Clouds and/or ice

LOWMW Low water-leaving radiance at 555nn
CHLFAIL Chlorophyll not calculable

ABSAER Absorbing aerosol index above threshold
MAXAERITER Maximum iterations of NIR algorithir
CHLWARN Chlorophyll out of range

SSTFAIL Sea surface temperature failure flag
PRODFAIL Derived product failure

SEAICE Sea ice in pixel (based on climatology)
SSTWARN Sea surface temperature warning flag

Hags of Chlorophyll out of range, Shallow water and Clouds and/or ice are the most used flags
in MODIS data, especially in the North Sea area. The effect can be seen in averaging of the
values in NPP data, which as a result of substitution areas are taken out because of applied
flags. For the Baltic and Mediterranean Sea applied flags have not been studied in detail.

The informetion on algorithm updates for flags and methods for data pre-processing are
provided in the document:

http://oceancolor.gsfc.nasa.qoviSeaWFS/TECH REPORTS/PLVoI22.pdf

6.2.3 Data aggregation workflow

Gridded monthly NPPP level 3 MODIS data products were aggregated in time and space in
order to compare to the new primary production calculation based on seasonal nitrate uptake.
The aggregation process was done using MatLal® 12 and the tools and files presented in
Fgure 6.5.

11
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www.openearth.eu
https://svn.oss.deltares.nl/repos/opene
arthtools/trunk/matlalyoetsettings.m
ICES
‘ Run rectangles in
- OETSETTINGS -~ the North
) Sea
geometry
MODIS_npp_
npp.year.stday.hdf/L>\\ W’ year_NPP.tXt/
_hanblockinterp.m

Fgure 6.5 Tools (orange) and files (green) that are used for aggregation of the net primary
production MODIS products on an ICES rectangle scale, and per year. Yellow notes are
comments to the different files and tools.

6.24 Results

Aggregated data for total net primary production are available at the VECTORS repoasitory.
Scripts for combining data for different years and making figures are made in R statistical
software and are all available on the repasitory.

The aggregated primary production fields obtained from the MODIS level 3 products are
visualized in the figures Figure 6.6, Figure 6.7 and FHgure 6.8.

6.24.1 North Sea

Total net primary production in the central part of the North Sea is relatively low (0—400gC m
2yr1). In the coastal zones, total net primary production is high (up to almost 2000 gC m?2 yr1
locally in the German Bight). The inter-annual variation is relatively low (Figure 6.6).

The North Sea hydrodynamics are influenced by seasonal heating cycles, atmospheric fluxes,
tides, river inputs and exchanges with the open-ocean. The significant input of nutrients comes
from river loads and estuaries and optically active constituents (suspended particulate material,
SPM, and coloured dissolved organic metter, CDOM). The primary production is limited during
the winter by low irradiance and low temperatures. During the spring the rise in temperatures
and irradiance levels and reduced water mixing can produce intense phytoplankton bloons
(Holt, et al, 2011).
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Hgure 6.6 Net primary production (QC m2 yr-1) for the North Sea for different years
aggregated over time (for each year) and space (ICES rectangles) from MODIS level 3 NPP

products.
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6.24.2 Baltic Sea
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Fgure 6.7. Net primary production (gC m2 yr2) for the Baltic Sea for different years aggregated
over time (for each year) and space (ICES rectangles) from MODIS level 3 NPP products.

The Baltic Sea is shallow with low water salinity. The main alternative limiting nutrients are
nitrogen and phosphorus. Results from modelling total primary production in the Baltic Sea
using the nutrient nitrogen and phasphorus ratio indicated seasonal variation from 10 kton C
day 1 to 200 kton C day 1 and extreme values are observed along the coast and estuaries in
the southern part of the sea (Wan, et al, 2012).

14
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6.24.3 \Western Mediterranean Sea
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Fgure 6.8 Net primary production (gC m2 yr-1) for the Western Mediterranean Sea for
different years aggregated over time (for each year) and space (ICES rectangles) from MODIS
level 3 NPP products.

The Mediterranean Sea is a deep and primary production occurs only along the shallow coastal
areas, close to the mgjor cities and estuaries. Chlorophyll production in Mediterranean Sea
starts in early spring because of the warm climate. In general, the sea has a very low primary
productivity system of <150 g C m? per year. The mgjor inflow to the sea is nutrient poor and
well-oxygenated water from the Gibraltar Straight. Analysis of primary production ( Uitz, et al,
2012) applied to a 10 years' time series of estimated primary production in 3 phytoplankton
classes (micro, nano, and picophytoplankton) indicated the dominant role of nanophytoplankton
and primary productivity of 68 gCm per year throughout the year and over the entire basin.

6.3 ECOHAM

ECOHAM was developed at the University of Hamburg by their ecosystem modelling group
(Kiihn & Radach, 1997; Mall 1998). In 1D-mode it was applied to a northem North Sea station
(FLEX) (Kihn & Radach, 1997) with moderate productivity and to an oligotrophic station in the
North Atlantic (ESTOC) (Pétsch et al., 2002). In 3D-mode the model is operating on the
Northwest-European Shelf where carbon and nutrient dynamics (Patsch & Kiihn, 2008; Kiihn et

15
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al., 2010) and the shelf pump (Lorkowski et al., 2012) have been studied. For OSPAR
ECOHAM was used to simulate the consequences of eutrophication caused by nutrient loads
from rivers (Lenhart et al., 2010). Higher trophic levels represented by stage resolved
zooplankton were investigated in combination with the outcome of larvae IBM simulations
(Stegert et al., 2007; Daewel et al., 2008).

6.3.1 Principles of the primary production module

Primary production in ECOHAM is governed by light availability (short wave irradiance, self-
shading, Jerlov Type water), nutrient limitation (nitrate, ammonium, phosphate, silicate) and the
grazing pressure of zooplankton. Additionally, excess production (Pétsch & Kiihn, 2008) which
allons carbon sequestering during phases of nutrient limitation is taken into account. As
ECOHAM explicitly simulates nitrification it is possible to separate new production fed by nitrate
originating from nitrification (and thus possibly from regenerated material) and nitrate from
other sources.

6.32 Model application for VECTORS case study areas

For comparing the model outcome with other VECTORS primary production models, results
from 1970-2009 for the Northwest-European Shelf are available. They include atmospheric
inorganic nitrogen depasition (EMEP). Further applications on smaller areas are possible for
VECTORS by using a nesting technique.

Resullts from 2003 — 2008 have been aggregated to ICES rectangles for comparison with the
other model results. Total net primary production (Figure 6.9) varies from less than 100 g C m2
yrlin the central part of the North Sea to slightly over 200 g C m?2 yr1 in coastal areas around
the Dutch and English coast and the German bight.

16
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6.3.3 Results
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Fgure 6.9. Total net primary production aggregated in time (year) and space (ICES rectangles)
calculated by the ECOHAM model.
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Figure 6.10 New (nitrate-based) primary production aggregated in time (year) and space (ICES
rectangles) estimated by the ECOHAM model.

New primary production (Fgure 6.10) was calculated as the part of primary production that is
driven by nitrate uptake of the phytoplankton. Values vary from less than 40 g C m2 yrl in the
central part of the North Sea to 100 g C m2 yr1 along the Dutch and English coast and at the
border with the Atlantic Ocean.

6.4 Delwag-Eco

Delwag-Eco is part of the generic Delft-3D model suite, comprising of a hydrodynamic module,
sediment transport, and water quality and ecology module (Delwag-Eco). It has successfully
been used in many studies simulating the effect of different eutrophication scenarios on
phytoplankton biomass, primary production and (groups of) species composition in fresh and
marine waters. A comprehensive review of the characteristics, history and application is found
in Los (2009). Delwag-Eco has a generic process library, where many different water quality
processes and parameters can be chosen to be represented in the model.

6.4.1 Principles of the primary production model

Delwag-Eco has different ways to calculate primary production and phytoplankion or
phytobenthos biomass. For eutrophication studies, the BLOOM module is often used (Los &
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Wijsman, 2007). BLOOM calculates the growth, mortality and nutrient uptake of maximally 15
functional groups of phytoplankton. For every time step, community primary production and
nutrient concentrations are calculated by optimizing the primary production in carbon for that
time step, given the physiological constraints (photosynthesis and nutrient uptake, mortality
etc.) of the algae. For each species, different ecotypes can be defined, differing in their
characteristics for grownth, elemental composition, mortality and sinking rates.

6.4.2 Model applications for VECTORS case study areas

The specific scheme that was used in this study is named ZUNQO. It covers a large area
including the southern North Sea and the eastern Channel. Four different phytoplankton groups
are modelled (diatoms, Phaeocystis spp., flagellates and dinoflagellates), each represented by
three ecotypes acclimated to respectively light-, phosphorus- and nitrogen-limitation. The
carbon cycle was not modelled explicitly, and carbon production (net primary production) for
each type is calculated by the nutrient uptake for each type and its specific carbon to nutrient
ratio (which differs between species and types). Total community primary production is
calculated by the sum of the net carbon production of all species and types.

Fgure 6.11 Tools (orange) and files (green) that are used as output, intermediates and end
products of the Delwaq primary production calculation on an ICES rectangle scale, and per
year. Yellow notes are comments to the different files and tools.

6.4.3 Data aggregation workflow

Delwaq output data is generated on a finer grid than the ICES rectangles. In order to compare
the output with the other results, an aggregation was made in time and space. Data were
aggregated vertically over 12 depth layers, and horizontally in such a way that it most
resembled the borders of the ICES rectangles in the area (FHgure 6.11). All aggregation tools
were made using MatLal®12. All tools and files are available at the Deltares VECTORS
repository (https://repos.deltares.nl/repos/VECTORS/runk). (available at:
https://repos.deltares.nl/repos/OpenEarthTools/trunk/metlab ).
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6.44 Results

Total net primary production as estimated by the Delwag model shows relatively high values in
the Dutch coastal zone. Due to a high original resolution in this area, stratification and local
nutrient enrichments provide input to high algal biomass and primary production values. At the
northem edge of the model primary production is overestimated probably because of
uncertainties in the boundary conditions and has no further consequences for the rest of the
area. This may be improved in a next version of the model run.
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Fgure 6.12. Total net primary production aggregated in time (year) and space (ICES
rectangles) for the Southern North Sea as calculated by Delwagq model.

7  Comparison of the different models

Total net primary production in the North Sea was calculated using three different methods.
The values obtained using the MODIS level 3 NPP products were high and the highest values
are considerably higher than the values obtained with the DELWAQ model and especially the
ECOHAM model (Fgure 7.1). The absence of high total net primary production values in the
ECOHAM model may be due to a relatively low resolution of the model in the coastal zone as
compared to the MODIS and Delwaq grids. Due to the low resolution, primary production peaks
may be missed, and subsequent high extremes are less likely to occur (Lenhart et al., 2010).
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The high values of MODIS level 3 NPP products is probably related with spatial and temporal
aggregation of chlorophyll values derived from level 2 product (Hooker, 1995). The
concentration of chlorophyll in level 3 data is result of mapping level 2 data to a fixed spatial
grid, and resolution in the coastal zone is too coarse to include all variable mixture of CDOM,
TPM and SPM as well as temporal variables in the chlorophyll concentration. That could be
one of the reason that satellite chlorophyll algorithm fails in coastal waters that contain a
variable mixture of CDOM and SPM.
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Hgure 7.1. Frequency distribution of total net primary production (upper three panels) and new
primary production (lower two panels) results for the different models. Only data for ICES
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rectangles where all models provide data were included. (ncons.gc is the nitrate based model
of new primary production)

The absence of low values in MODIS NPP is dependent on chlorophyll concentration and it
may lead to a reasonable global estimate, but it produces excessively high values at low
photosynthetically active radiation (PAR) or low Sea Surface temperatures (SST) (Carr, et.al,
2006), which can be seen in FHgure 7.1. The seasonal variability is underestimated and not
presented in MODIS NPP products, because the variants of its underlying VGPM model tend to
be average or low.

8 Primary production f-ratios

The f-ratio is the ratio between the primary production based on nitrate uptake and the total net
primary production. This ratio can be calculated for every ICES rectangle and plotted in a map.
The data products in this deliverable allow for f-ratio estimation based on the different resuilts.

Table 8.1. Classification of primary production products in “new primary production”
and “total net primary production”

“New production” Total net production
ECOHAM new production ECOHAM total primary production
Nitrate consumption MODIS

Delwaq total net primary production total

The different combinations of new and total primary production result in differently distributed f-
ratios (Fgure 8.1).

As an exarmple, maps of f-ratios in the North Sea over 6 years were produced using three
combinations of new production and total net production (figures 8.2-8.4). However, with the
data and tools provided, all different combinations can easily be calculated. The three maps
show distinctly different patterns, with highest f-ratios estimated by the combination of new and
total production from the ECOHAM model.
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Fgure 8.1. Frequency distributions of f-ratios over all years
where data fromall models were available were included.
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These f-ratios maps show that with the current methodology, f-ratios are relatively low in the
southern and central part of the North Sea. In the northern North Sea, high values up to 1 are

found indicating production based solely on nitrate.
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Fgure 8.2 Map of the North Sea with f-ratio based on nitrate uptake (calculated from ICES
nitrate measurements) and MODIS net primary production.

Fratios based on total production calculated by the DELWAQ model did not differ much from
the MODIS based values, except that there were higher f-ratios in the Dutch and German
coastal zones, which are areas with high input of nitrate.

2003 2004 2005

f_ncons_Delwaq

Fgure 8.3. Map of the North Sea with f-ratio based on nitrate uptake (calculated from ICES
nitrate measurements) and Delwaq net primary production.
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Fgure 84. Map of the North Sea with f-ratio based on nitrate uptake (calculated from
ECOHAM model) and ECOHAM total net primary production.

9 Discussion

The total net primary production as estimated by the different models can be compared to
historical measurements. In
the late 1980's, primary
production in the Southemn
North Sea was extensively
measured and published by
Joint & Pormroy (1991) (

Fgure 9.1). The yearly total
net primary production was
highest along the Dutch and
German coast, and reached
values over 300 gC m?2 yrl.
Offshore primary production is
much lower, typically between
50 and 150 gC m? yrt in the
central parts of the southemn
North Sea.

Fgure 9.1. Primary production as measured during a North Sea measurement campaign from
4 August 1988 to 3 October 1989 (Joint & Pormroy, 1991)

26



D2.2.1 Model for marine primary production VECTORS

Other total net primary production measurements in the Dutch coastal zone vary between 100
and 600 gC m2 yr1 (Peeters et al., 1995). Compared to these measurements, some of the
MODIS primary production figures, especially along the coastal zones, seem to be an
overestimate of the real production. Analysis of the VGPM model (Milutinovi , et al, 2011) on
which the MODIS net primary production figures are based, had shown that output values for
total net primary production were typically overestimated by 6% whereas the representative
measure of its random uncertainty was 108% The systematic errors accumulate in individual
MODIS NPP monthly estimates and thus contribute to the yearly average. As mentioned in
Saba et al. (2011) shallow waters generally present an additional challenge to both MODIS
NPP algorithms and ocean colour remote sensing as there is a larger bias in chlorophyll over
the coastal ocean, explaining the overestimates in this study. In general, MODIS NPP tends to
be overestimated in areas under low temperature and high chlorophyll conditions and in
mesotrophic waters (Carr, et al, 2006). Holt, et al (2011) stress the importance of considering
additional parameters such as sea surface salinity together with changes in nutrient supply and
temperature.

Both Delwag and ECOHAM total net primary production results are generally in the same
range as the measured values (

Hgure 9.1). Earlier intercomparisons also show that both Delwaq and ECOHAM reproduce
field measurements of primary production reasonably well (Lenhart et al., 2010). Typically,
Delwaq has a higher resolution especially in the Dutch coastal zone, while the ECOHAM model
has a larger model domeain, stretching towards the northemn part of the North Sea and the
Atlantic Ocean. The high resolution of the Delwaq computational grid is of course not visible in
the current figures, because of the horizontal aggregation of all models to ICES rectangles, but
it does lead to higher numbers.

New primary production as estimated by vertically integrated nitrate consumption seens to
produce values in the right order of magnitude and is therefore a promising, potentially generic
method. The f-ratio, when dividing by the MODIS total production is lower than can be
expected from coastal seas. This can be partly explained by the supposed overestimation of
the MODIS total production. This is supported by maps of the f-ratio based on Delwaq total
production, which show higher f-ratios in the coastal zone. Another potentially confounding
factor may be that we did not consider the influence of atmospheric and river input of nitrate
during the growth season (May-September). The combined effect of these should be less than
10 % on average (Heath & Beare, 2008), but may be up to 30 % locally. Furthermore, new
production as calculated by the nitrate consumption method assumes a carborvnitrogen ratio of
ca. 6, while in phytoplankton, ratios may vary and become much higher than 6 especially in
nitrogen-limited phytoplankton, due to their lower nitrogen content (e.g. Riegman & Stolte,
2000).

The fraction of new production averaged over one year when using the nitrate consumption
model in combination with the MODIS total production was distributed unevenly with 0.08 as a
median value tailing towards higher values (FHgure 8.1). Measured values from the North Sea
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show values from a few to 20 % with some higher values (Riegman & Noordeloos, 1998),
although f-ratios may vary a lot and may be much higher during spring (Elskens et al., 1999).

Further developments that will be important for further use of the nitrate-consumption based
new primary production model include a sensitivity analysis of the effect of nitrogen to carbon
ratio, as well as addition of atmospheric and riverine inputs. Within VECTORS, this could be
done within the regional seas studies from WP 4, and perhaps in scenario studies of WP 3 and
5. Another development would be to find nutrient data for the Western Mediterranean with
sufficient coverage and quility, in order to test the new production model in that area.

10 Conclusions

A generic methodology wes assembled and tested in the North Sea for calculating new (nitrate
based) primary production and the f-ratio, where total net production was estimated using
remote sensing data. The nitrate uptake method is promising, but might be further improved
with respect to its overall levels and spatial patterns. Both new production and total net
production estimates compare reasonably well in terms of patterns to the resullts of two coupled
hydrodynamic-ecological models in the North Sea. The distribution of the production patterns
estimated from remote sensing compare well to those of the deterministic models and the
spatial pattern based on observations, but the overall levels are generally higher and might
have to be adjusted.

Fratios calculated by this methodology are in the right order of magnitude in the North Sea,
although f-ratios may be lower than expected based on other models and field data. The
methodology may be applied to other areas, but is restricted to places with good temporal and
spatial coverage of nitrate concentration measurements. Further improvements may be done
by including e.g. salinity in the primary production calculation from remote sensing data.
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Appendix A Description of software tools and data

For this deliverable, open standards for models, software and data are used where possible,
according to the Open Earth Initiative (Wwww.openearth.eu). Open Earth is a free and open
source initiative to deal with Data, Models and Tools in marine & coastal science and
engineering projects.

A nmore detalled description of the used data and example of the tools are found at
http:/publicwiki.deltares.nl/display/OET/vectors

Oceanographic data

Nitrate and nitrite data were extracted from a copy of the ICES oceanographic database
(Www\.ICES.dK ) as PostgreSQL database online via Deltares for VECTORS participants.
Guidelines an example scripts to access the database can be found on
http://publicwiki.deltares.nl/display/OET/vectors

Potential New Primary Production model

The main script for running the PNPP model can be accessed from the VECTORS OET
repaository at Deltares (https://repos.deltares.nl/repos/\VECTORS/trunk/ )

At this stage, a password is required, which can be obtaned from
gerrit.hendriksen@deltares.nl

MODIS scripts for aggregation
All scripts (Matlab) for aggregation of MODIS products used in this study can be found at:
https://repos.deltares.nl/repos/VECTORSArunk/MODIS Tools/.
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