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Model bathymetry of the North Sea model (UKNS2-HD28). Water depths refer to MSL.
The model includes four open boundaries: One in the south-western part of the area
(orange line), one west of Ireland (yellow), one just north of the Faroe Islands (green) and
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Model bathymetry of the Inner Danish Water (IDW) model (DKBS2-HD75). Water depths
refer to MSL. The model includes one open boundary located in Skagerrak (red). .........cccccoeenee 9

Model bathymetry of the Northern Belt Sea model (NBS). Water depths refer to MSL. The

model includes three open boundaries marked with gery, black or blue colours. The

boundary in Little Belt (black) is shared with the Southern Belt Sea model and the

boundary in Great Belt (blue) is shared with the Smaalandsfarvand model. ............c.cccceeeen. 10
Model bathymetry of the Southern Belt Sea model (SBS). Water depths refer to MSL. The
model includes three open boundaries marked with black, green and orange colours. The
boundary in Little Belt (black) is shared with the Northern Belt Sea model and the
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Introduction

As part of the preparation towards the Danish River Basin Management Plans 2021-2027 the
Danish Environmental Protection Agency (EPA) has initiated a number of mechanistic model
developments with the aim of increasing the spatial coverage of models, improving the
calibration/validation and hence the confidence of the Maximum Allowable nutrient Inputs
(MAls).

The mechanistic model complex development includes two regional models, three local-domain
models and six estuary specific models.

e Two regional models are being developed: The North Sea model and the model
covering the inner Danish waters (IDW). Regional models cover specific Danish water
bodies and regional waters, such as the North Sea and a small part of the North Atlantic
and the Baltic Sea, which is covered by the IDW-model (Inner Danish Waters). These
models provide model results for specific water bodies but, equally important, provide
boundaries to local-domain models and estuary specific models.

¢ Local-domain models: These models are developed to allow for resolving most small
and medium-sized water bodies in the north-western Belt Sea, the south-western Belt
Sea and the water bodies in and around Sméalandsfarvandet.

e Specific estuary models: Six estuary (fjord) specific models are developed to allow for
detailed modelling of the particular estuary.

Each of the different models consists of four specific modules: i) a hydrodynamic module (HD)
computing water levels, current (speed and direction), salinity and water temperature, ii) a wave
module (SW) computing significant wave heights and wave period, ii) a transport model (or
advection/dispersion module - AD) computing the transport and dispersion of a specific
biogeochemical component and iv) a biogeochemical module (ECO Lab) computing changes in
concentrations of a specific biogeochemical component due to fx primary production of grazing
by zooplankton.

The model setup and calibration/validation of the physical models (HD and AD) are reported in a
series of model specific technical notes (DHI 2019a — DHI 2019k). The biogeochemical model
(ECO Lab)is described in a short technical note (DHI 2019I), whereas the input data to the
biogeochemical model is described in the present technical note and the specific model
calibration/validation of the biogeochemical models will be reported in a series of model specific
technical notes (in progress).
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2 Input data

The biogeochemical model development consists of a series of different steps for each of the
different model domains: i) setup and calibration of the hydrodynamic model (HD), ii) collection
and preparation of input data to the biogeochemical models, iii) calibration and validation of the
biogeochemical models and iv) application of the models to ensure the data needed for the
estimation of differentiated maximum allowable inputs (MAIs) to the Danish water bodies.

The HD models (including input data and calibration/validation) are reported in a series of model
specific technical notes (DHI 2019a — DHI 2019k) and will not be described in more details in
this note. Likewise, the results of the calibration/validation of the biogeochemical models will be
reported in a series of specific technical notes (in progress) and in the present technical note we
will focus on the input data included in the biogeochemical models.

The biogeochemical model (described in more details in DHI 2019l) consists of a range of state
variables that all need to be defined and specified:

¢ Inthe pelagic phase (water column), the biogeochemical model state variables cover:
Phytoplankton carbon (C), nitrogen (N), phosphorous (P) and silicate (Si)*, chlorophyll-
a, zooplankton (C, N and P)?, particulate organic matter (C, N, P and Si), two fractions
of dissolved organic matter (C, N and P) and inorganic nitrogen (DIN), inorganic
phosphorous (DIP), inorganic silicate (Si). On top of those state variables the model
also include hydrogen sulphide (H2S), dissolved oxygen (Oz), inorganic suspended
material and eelgrass seeds.

e At the seabed the biogeochemical model includes state variables describing two
functional groups of macro algae (C, N and P) as well as eelgrass (biomass C, N and P
as well as number of shoots). Also, the seabed includes micro benthic algae (C, N and
P).

¢ Inthe sediment the biogeochemical model includes pools of organic matter (C, N, P and
Si) and pools of inorganic nutrient in the porewater (N and P), and iron-bound P. On top
of this, pools of inorganic matter are also included.

The above list does not compile all state variables but provide examples of central state
variables included in the biogeochemical models.

Important forcing data consists of salinity, water temperature and shear stress (from HD and SW
modules), atmospheric depositions as well as meteorological forcing’s such as photosynthetic
active solar radiation, together with:

e Model boundaries: Each model require boundary data covering all pelagic state
variables.

e Model sources: Weather the model sources are point sources or diffuse source all
pelagic state variables need to be specified as source concentrations.

e Initial values: For each state variable initial data needs to be specified, and this is
relevant for both the pelagic phase and for the benthic phase (sediments and/or
seabed)

In the following the different input data integrated in the biogeochemical models will be
described.

1 The biogeochemical model applied in the regional models include more phytoplankton species groups and hence,
silicate becomes a variable for the modelling of diatoms

2 In the regional model the zooplankton is split into two functional groups, micro-zooplankton and meso-zooplankton

biogeochemicalmodeldata.docx
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Regional models

Two regional models covering the North Sea and the Inner Danish Waters (IDW) including the
Baltic Sea are developed. The North Sea model covers the North Sea and a smaller part of the
North Atlantic Ocean and include four open boundaries, three in the North Atlantic Ocean and
one in Kattegat, see Figure 2-1. For each of the three boundaries in the North Atlantic Ocean
data from ICES ( , downloaded July 2019) has been applied. The
data in the Atlantic Ocean are sparse, and in order to be able to describe seasonal, spatial and
depth variation at the boundaries, the measurements are lumped in space and time. |.e. stations
are lumped into three areas (N, W and E), in depth intervals (20, 40, 60, 80, 100, 200, 400, 600,
800, 1000, 2000 and 3000 m) and monthly average values for the period 1990-2016.

With respect to the Kattegat boundary, Swedish observation from the monitoring station Anholt
E has been applied (

, downloaded July 2019). Data from Anholt E has
been compiled and depth varying boundary data been estimated and applied along the Kattegat
boundary.

For all boundaries, observations of chlorophyll-a, inorganic N (NHs, NOx), inorganic P (POa),
total N (TN), total P (TP) and measured concentrations of dissolved oxygen (O2) have been
collected and compiled into the state variables included in the mechanistic model boundaries.

In the IDW model one open boundary is included in Skagerrak, see Figure 2-2. The data applied
as boundary data in the IDW model are extracted from the North Sea Model (2D vertical time
series), and as the biogeochemical models are similar in the North Sea model and the IDW
model all state variables are available for boundary data.


http://ecosystemdata.ices.dk/Map/index.aspx
https://www.smhi.se/data/oceanografi/datavardskap-oceanografi-och-marinbiologi/marina-miljoovervakningsdata
https://www.smhi.se/data/oceanografi/datavardskap-oceanografi-och-marinbiologi/marina-miljoovervakningsdata
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Figure 2-1  Model bathymetry of the North Sea model (UKNS2-HD28). Water depths refer to MSL. The
model includes four open boundaries: One in the south-western part of the area (orange
line), one west of Ireland (yellow), one just north of the Faroe Islands (green) and one in
Kattegat (red).
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Figure 2-2  Model bathymetry of the Inner Danish Water (IDW) model (DKBS2-HD75). Water depths
refer to MSL. The model includes one open boundary located in Skagerrak (red).

Local domain models

Like the IDW model, the three local domain models use modelled data as boundary data. The
boundary data for the three local domain models are extracted from the IDW model (2D vertical
time series). The specified boundaries shown in Figure 2-3 to Figure 2-5. Notice that boundaries
for the different models are shared between models where they have overlapping boundaries.

As described in DHI 2019l the state variables in the IDW model and in the local domain models
are not entirely the same. The IDW model has more groups of phytoplankton and two groups of
zooplankton. Hence, the specific state variables in the IDW models are summed before applied
in the local domain models ensuring mass conservation.
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Figure 2-3  Model bathymetry of the Northern Belt Sea model (NBS). Water depths refer to MSL. The
model includes three open boundaries marked with gery, black or blue colours. The
boundary in Little Belt (black) is shared with the Southern Belt Sea model and the boundary
in Great Belt (blue) is shared with the Smaalandsfarvand model.
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Figure 2-4  Model bathymetry of the Southern Belt Sea model (SBS). Water depths refer to MSL. The
model includes three open boundaries marked with black, green and orange colours. The
boundary in Little Belt (black) is shared with the Northern Belt Sea model and the boundary
South of Langeland (green) and the boundary north of Langeland (orange) are both shared
with the Smaalandsfarvand model.
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Figure 2-5  Model bathymetry of the Smaalandsfarvand model (SMF). Water depths refer to MSL. The
model includes five open boundaries marked with red, blue, organe and green colours. The
boundary in Great Belt (blue) is shared with the Northern Belt Sea model and the boundary
south of Langeland (green) and north of Langeland (orange) are both shared with the
Southern Belt Sea model.

2.1.3 Estuary specific models

As mentioned earlier six estuary specific models have been developed as part of the present
project. These six models cover Ringkghing Fjord, Nissum Fjord, the Limfjord, Mariager Fjord,
Odense Fjord and Roskilde Fjord.

Boundary data applied for the estuary specific models origins from NOVANA stations. Hence,
for each of the specific models the closest NOVANA station outside the individual estuary have
been extracted from http://odaforalle.au.dk and observations are applied for the specific state
variables in the model.

In the model period 2002-2016, some monitoring stations have been cancelled, why the
boundary data does not necessarily origin from the same monitoring station throughout the
entire model period. Monitoring stations applied as boundary data for the individual models are
included in Figure 2-6:

¢ Ringkebing Fjord: Boundary data are compiled from RKB43 throughout the 15 years of
modelling.

e Nissum Fjord: Boundary data are compiled from RKB43 throughout the 15 years of
modelling.

e Limfjorden, west: Boundary data are compiled from RKB59 during the years 2002-2010
and from RKB43 for the remaining model period.

e Limfjorden, east: Boundary data are compiled from NOR4410 throughout the 15 years
of modelling.

The expert in WATER ENVIRONMENTS 11
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e Mariager Fjord: Boundary data are compiled from NOR4410 throughout the 15 years of
modelling.

e Odense Fjord: Boundary data are compiled from FYN6940622 throughout the 15 years
of modelling.

o Roskilde Fjord: Boundary data are compiled from VSJ10003 throughout the 15 years of
modelling.

Geindsteds  Mllund
.

nes?
\ ./ : /"' ; = ) () F3mime
v ' .x"-‘m Schieswi ) ! )

Figure 2-6  Danish NOVANA stations with time series of biogeochemical data during the years 2002-
2016. Red circles indicate stations used as boundary data for the estuary specific models.
Map and measurement stations are extracted from rbmp2021-2027.dhigroup.com (Google
Chrome only).

2.1.4 Reference scenario

One important part of the entire model development is the application of a reference model
scenario. The reference model scenario requires considerations of the different input
parameters in the different models.

12 biogeochemicalmodeldata.docx
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With respect to the boundary data this is handled differently between the different models:

e The North Sea Model: The boundaries in the North Atlantic Ocean are assumed to be
unchanged even in the reference scenario. Hence, the effects from the reference
scenario in the North Sea will be governed by changes in land-based loadings and
atmospheric depositions alone (see section 2.2 and section 2.3).

This is, however, not the case at the Kattegat boundary. During the reference scenario,
the Kattegat boundary has been changed according to model results from Baltic Nest
Institute (BNI). BNI has modelled the entire period from 1850 to 2006 (HELCOM 2013)
and here we apply the modelled relative differences in TN and TP from BNI to the
various state variables in the North Sea Model.

e The IDW model: As the boundary data included in the IDW model origins from model
data extraction from the North Sea model, boundary data from the reference scenario is
extracted from the corresponding North Sea model scenario and included in the IDW
model.

e Local domain models: As the boundary data included in the local domain models
origins from model data extraction from the IDW model, all boundary data from the
reference IDW model scenario are extracted and included in the local domain models.

e Estuary specific models: All estuary specific models utilise measured data as
boundaries. To ensure the effect from the reference scenario at the boundaries of those
models, the relative differences between the modelled baseline (calibration/validation)
and the modelled reference scenario by the IDW mode or North Sea model at the
location of the specific stations is calculated. The relative difference is then applied for
correction of the measured data and used as reference scenario boundaries in the
estuary specific models.

2.2 Land based nutrient loadings

An essential input to the setup of the mechanistic models is the land-based supply of nutrients.
Apart from Danish land-based nutrient loadings, the mechanistic models include nutrient input to
the Baltic Sea and the North Sea from other countries as well as atmospheric deposition (see
section 2.3).

2.2.1 Danish land-based nutrient loadings

Data on Danish land-based nutrient loadings were provided by Danish EPA via DCE/AU,
Department of Bioscience. The data are part of the national inventory elaborated by AU every
year (method described in Windolf et al. 2011 and data presented in Thodsen et al 2019), which
is similar to the reporting to HELCOM?3. However, an important difference between the national
data and the data adopted by AU for the mechanistic modelling is the resolution in time.
Whereas the national data are reported on an annual basis, the data used for the modelling
were provided on a daily basis, both for water discharges and nutrient loadings.

The data covered the period from 1990 to 2016 and were distributed into 4th order marine
waters, which are even more detailed than the 114 Danish marine water bodies. The
mechanistic modelling applied data for the period 2002-2016, with distribution of the loadings
into approximately 340 Danish freshwater and nutrient sources.

3 Data applied was delivered by AU to DHI in January 2020

13
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The loadings were estimated as discharges of total nitrogen (TN) and total phosphorus (TP).
Since the mechanistic models differentiate between the different chemical forms
(inorganic/organic, dissolved/particulate, nitrogen and phosphorous species), the data were
subsequently divided into nutrient forms required by the modelling. Through an assessment of
available observations on nutrients in water discharged from Danish catchments, monthly
relations between inorganic and organic nutrients were developed and applied to divide TN and
TP into an inorganic and an organic fraction. By combining TOC and COD/BOD observations,
the organic part was further split to separate the organic nutrients into the three forms adopted
in the modelling process.

2.2.2 Baltic Sea land-based nutrient loadings (HELCOM)

Data on loadings (other countries than Denmark) of TN and TP to the Baltic Sea are based on a
combination of modelled data (

) and loadings extracted from HELCOM'’s Baltic Sea Pollution Load Compilation
(PLC-6) (HELCOM 2018).

The HELCOM data corresponds to the official data around the Baltic Sea, but as is the case for
the Danish land-based loadings the model development requires data with a higher spatial and
temporal resolution than reported in HELCOM 2018 (or similar PLC’s). Hence, we have
combined modelled data from SMHI (

) with HELCOM data, using the daily variation in Q, TN and TP from the
model but ensuring the summed data year-by-year (2002-2016) corresponds to the annual data
in HELCOM 2018.

The spatial resolution in the data (

) is higher than the data used in the IDW model. The SMHI data have been
aggregated to account for all catchments around the Baltic Sea but represented by 51
rivers/point sources in the Baltic Sea (besides Danish rivers/streams) and combined by
HELCOM data on basin-scale. The distribution of the rivers in the Baltic Sea is shown in Figure
2-7.

[deg]

14 biogeochemicalmodeldata.docx
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Figure 2-7 lllustration of the location of freshwater sources in the IDW model. The sources represent the
main rivers in the Baltic Sea but are scaled to include all local run-off from land to sea. In
Denmark, 4" order area run-off distributed to main rivers and streams are applied.

Differentiation of TN and TP loadings was done according to Stepanauskas et al. (2002) as also
described in Erichsen & Timmermann 2017.

2.2.3 North Sea land-based nutrient loadings (OSPAR)

The loadings to the North Sea consist of two data sets. For the German and Dutch rivers
measured data were applied (German data delivered by German authorities

( ) and ). These data cover
both discharge data (Q) as well as measured data of inorganic and organic nutrients. Hence, the
governing loadings to the German Bight is based on measured data.

Data used for United Kingdom, Ireland and France are based on the SMHI model data

( ).

No regional nutrient budgets are available from OSPAR why we have applied the modelled data
directly for those countries but have used measured data for the governing rivers.

2.2.4 Reference scenario

With respect to the reference scenario the Water Framework Directive (WFD) prescribe that “the
values of the biological quality elements for the surface water body reflect those normally
associated with that type under undisturbed conditions, and show no, or only very minor,
evidence of distortion” (EU 2000). Hence, during the reference scenarios we have applied
background concentrations of TN and TP in all rivers.

The data behind those background concentrations are described in Bggestrand et al. (2008) and
Bggestrand et al. (2014) and delivered to DHI from the EPA. TN concentrations are similar to
the concentrations used in Erichsen & Timmermann 2017 whereas some updates have been
made with respect to TP.

For the reference loadings to the Baltic Sea, we have applied a similar approach as described in
Erichsen & Timmermann 2017. As desceibed above, the model development is based on
HELCOM’s Baltic Sea Pollution Load Compilation (HELCOM 2018), but this data set does not
include reference loadings. Instead the Baltic Sea nutrient loadings from 1850-2006
reconstructed by Gustafsson et al. (2012) and Savchuk et al. (2012) and combined with the
HELCOM loadings covering 2007-2016 (HELCOM 2018) were used relatively together with the
HELCOM (2018) data. The relative difference within the different sub-basins defined in
Gustafsson et al. (2012) and Savchuk et al. (2012) between the present day (average 2002-
2016) and historical (average 1890-1910) data from the reconstruction were inflicted on the
HELCOM (2018) data to provide a reference loading dataset applicable in the mechanistic
model.

In the North Sea only few information was available for an assessment of reference loadings. In
Gadegast & Venohr (2015) they report concentrations of TN and TP from a number of German

and Dutch rivers around year 1880 and year 2005. Hence, we have used the relative difference
between the two sets of concentrations and applied to all rivers in the North Sea.

2.3 Atmospheric deposition

In addition to the land-based loadings of N and P, the mechanistic models require input of
atmospheric deposition of N, which is an important additional source of nitrogen to marine

The expert in WATER ENVIRONMENTS 15
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ecosystems. Data on atmospheric N deposition are provided by AU, Department of
Environmental Science. The data form part of the national inventory elaborated annually by AU
(Geels et al. 2012; Ellermann et al. 2012) and prepared using deposition modelling covering the
period 2002-2016.

2.3.1 Baltic Sea (HELCOM)

In the HELCOM load compilations (PLC-6) (HELCOM 2018) atmospheric depositions is also
estimated, and as for the land-based loadings, we scale the modelled data (Geels et al. 2012;
Ellermann et al. 2012) to match the year-by-year depositions reported in HELCOM 2018.

2.3.2 North Sea (OSPAR)

OSPAR does not estimate the yearly depositions as does HELCOM, why we use the modelled
data provided by AU unchanged for the North Sea model.

2.3.3 Reference scenario

Model data on atmospheric nitrogen deposition under reference conditions are provided by AU,
Department of Environmental Science. The year reference simulation is conducted with an
atmospheric model describing transport, chemical reactions and deposition of various chemical
species including NOx and NH4 (Geels et al, 2012). The atmospheric model is forced with
historical emissions provided by IIASA, "Representative Concentration Pathways” (RCPs; from

) while the
meteorological forcing corresponds to present days (2002-2016). Hence, the latter is coherent
with the mechanistic modelling meteorological forcings. The resulting N deposition data is
provided as monthly means (from a 10-year simulation) with a spatial resolution of 5 x 5 km?
and used without any post processing in the marine mechanistic models. More detailed
descriptions can be found in Geels et al. (2012) and Ellermann et al. (2013).

2.4 Initial values in the pelagic phase

2.4.1 Regional models

Initial values for all state variables applied in the North Sea model were estimated based on
measurements within the North Sea. The estimated values were applied as constants all over
the model domain and the model repeated for four subsequent years — hence, year 2002 was
run four times before used for the calibration/validation.

Due to the retention time in the Baltic Sea (approximately 30 years) a similar approach was not
applicable in the IDW model. Here estimated initial values were developed using measurements
scattered around the Baltic Sea. This was, however, not done as a part of the present project
but initial values were reused from previous model work (Erichsen & Timmermann 2017).

2.4.2 Local domain models
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Initial values in the local domain models are based on extracted initial values from the IDW
model.
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2.4.3 Estuary specific models

Initial values applied in the estuary specific model are based on measurements and some
subsequent years (1-2 years) of re-runs.

2.4.4 Reference scenario

During the reference scenario modelling initial values have not been changed except for the
IDW model. As the retention time is large in the Baltic Sea, we have applied a reduction in C, N
and P state variables corresponding to the relative changes observed in BNIs 1850-2006 model
results (HELCOM 2013). The BNI model results from HELCOM (2013) are included in the
estimated nutrient targets to the entire Baltic Sea.

The relative differences in the modelled results between 1900 and 2006 is applied basin by
basin to the different state variables

2.5 Sediment data

Pools of organic and inorganic nutrients in the sediments play a vital role in many of the Danish
water bodies. Hence, it is important to create 2D maps of a range of parameters (Organic C, N,
P and Si and inorganic sediment and porosity).

The methodology differs between the regional models and the local and estuary specific models

2.5.1 Regional models

The initial pools on seabed substrate are based on data on mud content from EMODNET

( ). The mud content was converted to organic
carbon content according to Leipe et al. (2011). The content on nitrogen, phosphorus and
silicate was estimated according to Redfield ratios.

2.5.2 Local and estuary specific models

Sediment maps are based on the seabed type. Seabed types can be divided in erosion-,
transport and deposition area. The maps are calculated by current speed and shear stress,
hence the physical energy that determines the morphology of the seabed. Next to seabed type a
database of 125 sediment profiles measured around Denmark was compiled and used to make
empirical relationships between sediment profiles and model state variables. Measured profiles
were grouped by geographical area, type and depth. Based on this a map was calculated with
empirically estimated sediment maps.

2.5.3 Reference scenario

In a reference scenario the sediments are assumed to be different compared to present day
sediment maps. To account for changes in the sediments we have applied the relative
differences between present day sediment maps and historic sediment maps estimated by BNI
(HELCOM 2013). The BNI model includes pools of C, N and P in the sediment s and we have
applied the relative difference basin by basin to the sediments in the IDW model.

The BNI model does not cover estuary specific model domains, but we have assumed similar
sediment changes as reported in HELCOM 2013 in the basin covering the Danish Straights.

In the North Sea model, we have not implemented any sediment changes and allow the model
to find a new equilibrium in the sediments.
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2.6 Benthic vegetation

Benthic vegetation (Ephemeral and Perennial macroalgae, Eelgrass and Benthic diatoms) was
calculated by running MIKE ECO Lab model for 3 years starting with constant initial values over
the whole domain. After the 3 year run, biomasses for benthic variables have stabilized based
on death and production. Areas with low light and unsuitable conditions lose biomass over time
and die out while areas suitable conditions will gain biomass. These maps were used for model
calibration.

2.6.1 Reference Scenario

In the reference scenario we apply updated eelgrass biomass maps. Here we assume a linear
increasing biomass between 0.5m and 2m and a linear declining biomass between 2m and the
reference depth limit.

2.7 Model forcings

Beside the hydrodynamic model some external forcings are needed.

2.7.1 Solar radiation

Solar radiation is calculated by global radiation and STORMGEO clearness percentage for
period 2002-2004 and CSFR clearness from 2005-2016.

2.7.2 Waves/Share stress

As re-suspension is included as an important parameter when modelling the light regime in the
biogeochemical model (DHI 2019l) we have included significant wave heights and wave period
and mean wave direction in the model. The wave parameters are extracted from MIKE Spectral
Wave (SW) model (DHI 2017) and together with the current from the hydrodynamic models
used to estimate the actual shear stress at the seabed. For the estimation of shear stress, we
apply the Soulsby & Clarke (2004) and Soulsby (2006).

18 biogeochemicalmodeldata.docx



2

3 References

Bggestrand, J., Kronvang, B., Ovesen, N.B., Nyegaard, P. and Troldborg, L. 2008:
Baggrundskoncentrationen af neeringsstoffer i grundvand og vandlgb. Vand & Jord, 15(3), 113 —
116 (in Danish).

Bggestrand J, Windolf J, Kronvang B, Kjeldgaard A (2014) Baggrunds-belastning med total N
og nitrat-N. 11 s. Aarhus Universitet. Notat fra DCE- Dansk Center for Miljg og Energi

DHI (2017) MIKE 21. Spectral Wave Module. Scientific documentation.

DHI (2019a) Development of Mechanistic Models. Mechanistic Model for the Inner Danish
Waters. Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019b) Development of Mechanistic Models. Mechanistic Model for the North Sea.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019c) Development of Mechanistic Models. Mechanistic Model for Ringkgbing Fjord.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019d) Development of Mechanistic Models. Mechanistic Model for Nissum Fjord.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019¢) Development of Mechanistic Models. Mechanistic Model for Limfjorden.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019f) Development of Mechanistic Models. Mechanistic Model for Mariager Fjord.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019g) Development of Mechanistic Models. Mechanistic Model for Odense Fjord.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019h) Development of Mechanistic Models. Mechanistic Model for Roskilde Fjord.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019i) Development of Mechanistic Models. Mechanistic Model for the Northern Belt Sea.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019j) Development of Mechanistic Models. Mechanistic Model for the Southern Belt Sea.
Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (2019k) Development of Mechanistic Models. Mechanistic Model for the
Smalandsfarvandet. Hydrodynamic model documentation. DHI report (project no. 11822245)

DHI (20191) Development of Mechanistic Models. Short Technical Description of the
Biogeochemical Models Applied for the Mechanistic Model Development. DHI report (project no.
11822245)

Ellermann T, Andersen HV, Bossi R, Christensen J, Lagfstram P, Monies C, Grundahl L, Geels C
(2013) Atmosfeerisk deposition 2012. NOVANA. Aarhus Universitet, DCE — Nationalt Center for

Miljg og Energi. 85 s. — Videnskabelig rapport fra DCE — Nationalt Center for Miljg og Energi nr.

73. .

Erichsen AC (Ed.), Timmermann K (Ed.), Christensen JPA, Kaas H, Markager S, Mghlenberg F.
(2017) Development of models and methods to support the Danish River Basin Management
Plans. Scientific documentation. Aarhus University, Department of Bioscience and DHI, 191 pp.

19


https://manuals.mikepoweredbydhi.help/2017/Coast_and_Sea/M21SW_Scientific_Doc.pdf
http://dce2.au.dk/pub/SR73.pdf

20

2

Erichsen AC & Timmermann K (2020) Application of the Danish EPAs Marine Model Complex
and Development of a Method Applicable for the River Basin Management Plans 2021-2027.
Method for estimation of Maximum Allowable Inputs. (in prep).

EU (2000) DIRECTIVE 2000/60/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 23 October 2000 establishing a framework for Community action in the field of
water policy.

Gadegast M & Venohr M (2015) Modellierung Historischer Nahrstoffeintrage und -Frachten zur
Ableitung von Nahrstoffreferenz — und Orientierungswerten fur Mitteleuropéische Flussgebiete.
Technical Report

Geels C, Hansen KM, Christensen JH, Ambelas Skjgth C, Ellermann T, Hede-gaard GB, Hertel
O, Frohn LM, Gross A, Brandt J. (2012) Projected change in atmospheric nitrogen deposition to
the Baltic Sea towards 2020. Atmospheric Chemistry and Physics 12:2615-2629.

Gustafsson BG, Schenk F, Blenckner T, Eilola K, Meier HEM, Muller-Karulis B, Neumann T,
Ruoho-Airola T, Savchuk OP, Zorita E (2012) Reconstructing the Development of Baltic Sea
Eutrophication 1850-2006. Ambio 41:534-548.

HELCOM (2013). Approaches and methods for eutrophication target setting in the Baltic Sea
region (No. 133). Baltic Sea Environmental Proceedings (pp. 1-138). Baltic Sea Environment
Proceedings.

HELCOM (2018) The Sixth Pollution Load Compilation (PLC-6). HELCOM

Leipe T, Tauber F, Vallius H, Virtasalo J, Uscinowicz S, Kowalski N, Hille S, Lindgren S &
Myllyvirta T (2011) Particulate organic carbon (POC) in sediments of the Baltic Sea. Geo-Mar
Lett 31:175-188.

Savchuk OP, Gustafsson BG, Medina MR, Sokolov AV, Wulf FV. (2012b). External nutrient
loads to the Baltic Sea, 1970-2006. Baltic Nest Institute. Technical Report no. 5.

Stepanauskas R, Jgrgensen NOG, Eigaard OR, Vikas A, Tranvik L and Leonardson L (2002).
Summer inputs of riverine nutrients to the Baltic Sea: bioavailability and eutrophication
relevance. Ecological Monographs 72:579-597.

Thodsen, H, Tornbjerg, H, Rasmussen, JJ, Bggestrand, J, Larsen, SE, Ovesen, NB, Blicher-
Mathiesen, G, Kjeldgaard, A & Windolf, J 2019. Vandlgb 2018. NOVANA. Aarhus Universitet,
DCE — Nationalt Center for Miljg og Energi, 70 s. - Videnskabelig rapport nr. 353

Windolf, J, Thodsen, H, Troldborg, L, Larsen, SE, Bggestrand, J, Ovesen,B & Kronvang, B
(2011) A distributed modelling system for simulation of monthly runoff and nitrogen sources,
loads and sinks for ungauged catchments in Denmark. Journal of Environmental Monitoring 13:
2645-2658.

Soulsby, R.L, Clarke s; (2004) Bead share stress under combined waves and currentson
smooth and rough beds. HR Wallingford Report TR137, August 2005

Soulshy, R.L, (2006) Simplified calculations of wave orbital velocities. Report TR 155, Release
1.0, HR Wallingford

biogeochemicalmodeldata.docx


https://eur-lex.europa.eu/resource.html?uri=cellar:5c835afb-2ec6-4577-bdf8-756d3d694eeb.0004.02/DOC_1&format=PDF
https://eur-lex.europa.eu/resource.html?uri=cellar:5c835afb-2ec6-4577-bdf8-756d3d694eeb.0004.02/DOC_1&format=PDF
https://helcom.fi/media/publications/PLC-6-Executive-Summary.pdf
http://dce2.au.dk/pub/SR353.pdf

