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1 INTRODUCTION

SMHI has developed a model system for water queditgulations on land, in lakes and
rivers and in coastal zone waters around Swedensys$tem is called HOME Water
where HOME stands for Hydrology, Oceanography amdeldrology for the
Environment. The focus in this report is to desetifie coastal zone model which is the
part of the HOME Water system that calculates thesn the coastal zone along the
whole Swedish coast.

The coastal zone model is a coupled 1-dimensidmgdipal and biogeochemical model.
The physical model is called the Probe model arfdllig described by Svensson (1998).
It calculates the horizontal velocities, temperatand salinity profiles. The surface
mixing is calculated by & —& turbulence model and the bottom mixing is a
parameterization based on the stability in thedootivater. Ice formation growth and
decay is also included in the model. Probe haglaVertical resolution with a vertical
grid cell size of 0.5m in the top 4m. The grid c@He then increases as the depth
increases. In the depth interval 4 -70m the ce# 8 1.0m, from 70 — 100m it is 2m,
from 100-250m it is 5m and if the depth is lardesrt 250m the grid cell size is 10m.
This means that the model calculates the verticdllps of all its variables and assumes
that they are horizontally homogeneous in the stlidrea. In order to include
horizontal variations in a larger area it is diddeto several sub-basins. These sub-
basins are identical to the defined national wiatelies according to the Water
Framework Directive (WFD). Each sub-basin is désadiby the hypsographical curve.
Connecting sub-basins exchange water and propénti@sgh connecting sounds.

The biogeochemical model is called SCOBI (Swedishstal Ocean Blogeochemical
model). In SCOBI nine variables are solved whewesare the pelagic variables:
zooplankton, phytoplankton, detritus, nitrate, ammm, phosphate and oxygen. In the
bentic layer the model solves for the two varialoliégen and phosphorus.

2 THE PHYSICAL PROBE MODEL

The Probe model reproduces the temporal variatitratification and mixing in each
sub-basin. PROBE can be classified as an “equatibwer for 1-dimensional transient,
or two dimensional steady, boundary layers” (Svens$998). PROBE embodies a
two-equation turbulence model, one equation fortdineulent kinetic energy (k) and
one equation for the dissipation rate of turbulenetic energyg), and includes a
simple parameterisation of deepwater mixing. Thislet has been used for the
description the hydrography of the Baltic Sea witbeeBaltic and the west coast is
divided into 13 sub-basins. This PROBE-Baltic mduket been thoroughly tested and
validated for longer time periods and includesa@model. Omstedt & Axell (2003)
describe the processes and elements of this modelail.

The general differential equation of the PROBE eplg formally written as
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Here gis the dependent variablgjme, z vertical coordinatex horizontal coordinatey
horizontal velocity/,exchange coefficient, a8}, source and sink terms. For 1-
dimensional cases the advection term is not acteetical advection (and moving
surface) is however included accounting for veltiansport in a sub-basin due to in-
and outflows. Boundary conditions may be speciéigder by the value or by the flux of
a variable. The sources and sinks determined bgdbsystem model are addedSjo
Vertical advection and diffusion are excluded fog solution of benthic biogeochemical
processes.

The momentum equations read:
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wheret is time coordinatex andy horizontal space coordinatesyertical space coordinate,
andV horizontal velocitiesp pressuref Coriolis’ parameter, ang density. The dynamical

effective viscosity U 4 , is the sum of the turbulent viscosity,, and the laminar viscosity .
Pressure gradients may be treated in several wapgnding on the problem considered.

The surface boundary conditions for the momentuoaggns are defined as:

’uiaﬂ = T: (Eq 4)
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wherer; = p*CiU"W? and 77 = p*C3V,"W?* are the wind stresses. Wind velocities in
x- and y-direction are described by*, V.* and the wind vector ig/*. C, is the drag

coefficient andp®is the air density. At the lower boundary the ctindiof zero
velocity is used.

The dynamic eddy viscosity is calculated from timbailent kinetic energyk , and its
dissipation rateg, by the Prandtl/Kolmogorov relation :
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whereC is an empirical constant.

The turbulent kinetic energ, is given by,

ot 0z po, oz
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where g, is the Prandtl/Schmitt number fér. P, and B, are production terms due to
shear velocity and buoyancy.

The dissipation rate of turbulent kinetic enelgybecomes
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whereog, is the Prandtl/Schmitt number fer. C,, C,, andC,,are empirical
constants.

A full description of the derivation of all turbulee equations and empirical coefficients
is found in Rodi (1980) and Svensson (1998).

The bottom water eddy diffusivity;, , is commonly expressed as a function of the

stability frequencyN? (Stigebrandt, 1987; Omstedt, 1990) according to:

v,=aN™ (Eq. 9)
where N? = —%g—’g , g = acceleration of gravityp =water density. Typical values for
a is (1-2) x 10’ (Gargett, 1984; Stigebrandt, 1987; Axell, 1998).

Heat equation :
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(Eqg. 10)
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where T is the water temperatusgis the specific heat of watese effective Prandt|
number which is the sum of the laminar and turbuRrandtl numberskE,, is a source



term due to insolationF,"is that part of the total insolation that penesates water
surface,s is the fraction ofF," absorbed in the upper centimetre close to therwate

surfacef3 is an extinction coefficient and D the total wadepth (note that the z axel
starts at the bottom pointing upward$}he water is ice covered the short wave
radiation that penetrates the water surface isglyadeduced. Equations describing the
penetration of short wave radiation through ansieew cover are given by Sahlberg
(1988).

For the heat equation the surface boundary comditiay be formulated as :

dpc T
;;_*f %CZ" =F, (Eq. 11)
ff

where F, is the net heat exchange through the water surfiacensists of the sum of
four different heat fluxes

I:n = I:h + I:e + I:nl +,7st (Eq 12)

whereF, , F,, F, are the sensible and latent heat fluxes and ngtwave radiation
respectively andy is the part of the short wave radiation that iscabed at the surface.
The parameterisation of these fluxes includif follows from Omstedt & Axell
(2003). At the lower boundary a zero flux conditisrused, i.e. no sediment heat flux.
In the coastal zone model the water exchange bativee sub-basins inside the coastal

zone or between a coastal zone sub-basin and thessa is described in two different
ways.

First the water exchange between two sub-basitsmiite coastal zone follows from
Stigebrandt (1990) where the water exchange igalted by the sum of the barotropic
and baroclinic pressure gradients according to

Q= T B(2)\/2a (AP -AP,)/ p,dz (Eq.13)

Q is the water flux (ffs), H is the sill depth of the connecting sound (Bi)s the
width of the sound (m)g is put constant to 0.4AP and AP, are the baroclinic and

barotropic pressure differences over the sound{\and P, is the water density (kgm
3).

The baroclinic pressure gradient comes from theitjedifference between the sub-
basins calculated from the surface down to the ectimg sill depth, see figure 1.



Discharge
Sea Sub-basin 2 Sub-basin 1 from Land

Sound 2 Sound 1 ‘//

Figure 1. The figure shows the typical water excledogfween two sub-basins where
sub-basin 1 has a river discharge from land anebsisin 2 is connected to the sea.

The water density in sub-basin 1, & smaller then the water densityiR sub-basin 2
and thus there is an outflow at the surface frobzlsasin 1 to sub-basin 2 and a deeper
inflow to sub-basinl from sub-basin2. The net flovethe connecting sound 1 will be
the same as the river discharge from land in adapreserve the mass continuity.

Inflowing water to one sub-basin seeks there itsig level without any entrainment.
Heavy surface water in one sub-basin may thus rérchottom level in the other sub-
basin.

In the coastal zone model the barotropic part @dugbed from the calculation which
means that no water level variation exists in tloeleh. Several tests with the coastal
zone model have shown that on the longer time s¢adenths) it is the baroclinic part
that dominates the water exchange between differgnbasins. The reason for
excluding the barotropic part is the possibilityus®e a longer time step when calculating
the horizontal water exchange. This will reducedhleulation time.

Second the water exchange over the boundary betiveaoastal zone and the sea is
taken from Omstedt & Axell (2003). Normally thisuaary is open with a width
greater the internal Rossby radius and the floms@imed to be in geostrophic balance.
The formulation reads

gBASH?

Eq.14
T (Eq.14)

Q:

Where S is the salinity contraction coefficient, equal&s10™, AS is the salinity
difference between the deep water and the surégee &nd f is the coriolis parameter.

There is also a possibility to include the effdanpwelling or downwelling. This may
only be done in those sub-basins that have theindary towards the sea outside the
coastal zone. The effect of upwelling or downwelling caused by the wind and if it
will be up- or downwelling depends on the wind diren. The wind driven water
velocity is a function of depth and is parametetizethe following way,
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Q. (2 =u(2)-U (Eq.15)

where
1H

U=—|u(2)dz Eqg. 16
H!() (Eq. 16)

where u(z) is the calculated water velocity, Hweger depth and U the calculated mean
water velocity. Note that this formulation of théa driven transport leads to a zero net
transport over the boundary.

2.1 The ice model

Ice cover has a great impact on the insolatiornt, fieda momentum exchange between
water and atmosphere. In the coastal zone modé foemed when the temperature of
the upper centimetres drops below the freezingtp®hen both the momentum
transport from the atmosphere to the water suitacat off together with the heat
exchange between water and atmosphere. The hedioedoaundary condition is
changed from a flux condition to a value conditvamere the value of the water
temperature at the ice-water interface is put ¢oftbezing point which depends on the
water salinity.

The initial ice formation can be rather complexhamany ice formations and break up
events depending on the strength of the heat lubshee wind stress at the surface. This
is parameterized in the following simple way (S&ndh 1988). If the ice thickness is
less the 0.1m and the daily mean value of the weddcity is greater then 4 Msthe ice
cover will break up and disappear. When the icavgrthicker then 0.1m the growth
continues until the spring melting starts.

The ice growth is calculated using a degree day odeth
hee =K, QT ifT,<0 (Eq.17)

whereh . is the ice thicknessK a constant with the value 0.024 andis the daily
mean air temperature. The air temperature summesitiots at the ice formation date.

The ice melting formulation is taken from Ashton 8% where the daily decreasing ice
thickness is a linear function af,

Ah, =K T, ifT,>0 (Eq.18)
whereK__is put constant to 5.3*10

The snow thickness on the ice is assumed to vatythwe ice thickness. During ice
growth h,, =0.20*h and during ice meltindp,,,, =0.05*h,.
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3 THE BIOGEOCHEMICAL SCOBI MODEL

The Swedish Coastal and Ocean Biogeochemical m8@&€BI (Figure 2) is a process-
oriented model that includes marine nitrogen, phospus and oxygen dynamics. This
report will give a short description of the SCOBbael. For the full description of the
first version of SCOBI see Marmefelt et al. (20@ay for the latest model version see
Eilola et al. (2009).

Swedish Coastal and Ocean Biogeochemical model

Nitrogen fixation A3

N2 From upper layer From upper layer
s Assimilation A1-A3
Daﬁcatmn Sedimentation Sedimentation
Nitrification _’i/\l Assimilation A1-A3 Grazing A1 - A3
—@m 5 NH, JD—3 A1-A3 —>] “
Mortality A1-A3
Assimilation A1-A3
PO, 5 >
Decomposition
Denitrification ‘
Sedimentation Sedimentation
Regeneration J/\|
B <

T

g
il

W To lower layer To lower layer

Marmefelt; Edited 2004 Eilola

Figure2. The components of the SCOBI model.

In its basic form SCOBI contains 7 pelagic variablatrate (NQ), ammonium (NH),
phosphate (P£), autotrophs (A), zooplankton (ZOO), detritus (DEINd oxygen (§).
The sediment module (B) in the model includes aggesjprocess descriptions for
nutrient regeneration, denitrification and permarmemial of organic matter. The
module contains nutrients in the form of benthicagen (NBT) and phosphorus (PBT)
which are comparable to available observationgdinsent concentrations.

The vertical light attenuation (Kd), computed by thedel, depends on a background
attenuation and attenuation due to varying conagatrs of phytoplankton. Carbon (C)
is used as the constituent representing detritdszaaplankton. Phytoplankton is
represented by chlorophyll (Chl) according to astant carbon to chlorophyll ratio
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C:Chl. Nitrogen (N) and phosphorus (P) contenthoftpplankton, zooplankton and
detritus are obtained from a constant C:N:P réiie,so called Redfield ratio.

The source terms in equation 1 (Eq.1) for each viariabd for each discrete depth layer
are described by the equations below. Conversicorfa between units are left out for
simplicity and clarity. Note that pelagic concetitras are given per unit water volume
while the benthic concentrations are given per boitom area. The process
descriptions of the SCOBI model are mainly takemfrecological models presented in
the literature.

Source term for phytoplankton:

S,y = GROWTH.,,, + INKI ., — INKO,,,, ~MORT,,, ~GRAZE,,,,  (Eq.19)

PHY denotes autotrophs (A). GROWTH is growth of phgtoplankton population with
an uptake of inorganic nutrients following the stted Redfield ratio. SINKI is the
influx of sinking phytoplankton from the layer alBo\SINKO is the outflow of sinking
phytoplankton to the sediments and to the layeswvweMORT is phytoplankton
mortality and GRAZE is grazing by zooplankton.

Source term for zooplankton:

S,00 = GROWTH,,, —~ EXCR,,, —~ FECAL,, — PRED,,, (Eq.20)

ZOO denotes zooplankton. GROWTH is the sum of ggairiom the pools of detritus
and phytoplankton. A fraction EXCR of assimilateddds excreted as inorganic
nutrients (ammonium and phosphate) and anotherdreEECAL is lost to faeces
(detritus). PRED is a closure term representingptiedation on zooplankton by higher
predators. A fraction(}) of PRED becomes detritus and the rest is decorlpmrse
mineralized to inorganic nutrients (ammonium andggate).

Sper = SINKI o + MORT,,,,, + FECAL 5o, + Q[PRED,, - GRAZE . — SNKO,; - DCOMP,,
(Eq.21)

DET denotes detritus. SINKI is the influx of sinkidgtritus from the layer above.
SINKO is the outflow of sinking detritus to the smeénts and to the layer below.
MORT is the sum mortality of phytoplankton. FECAL &eeal pellets from
zooplankton grazing of phytoplankton. GRAZE is gnazby zooplankton an@ [PRED
is the fraction of predation that becomes detriSOMP is decomposition and
mineralisation of pelagic detritus to inorganicnrrts (ammonium and phosphate.

Source term for phosphate:

Sho, = EXCRyo0 + (1- Q) [PRED,, + DCOMP,; +W [EEDOUT,,,, ~UPTAKE,,,

(Eq.22)
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PO, denotes inorganic dissolved phosphate. EXCR isetint from zooplankton,

(1 - Q) CPRED is the fraction of predation that becomessphate. DCOMP is
mineralisation of pelagic detritiB.is the ratio between bottom area and water volume.
SEDOUT is flux of phosphate from sediments. UPTAKEhe sum of phosphate
uptake by the growth of phytoplankton.

Source term for ammonium:

Swi, = EXCRyo + (1~ Q) [PRED,,, + DCOMP,, +W [SEDOUT,,, ~UPTAKE,,, ~NITFIC,,.

(Eq.23)
NH,4 denotes inorganic dissolved ammonium. EXCR isetxan from zooplankton,

(1 - Q) CPRED is the fraction of predation that becomes anmiom. DCOMP is
mineralization of pelagic detritu¥! is the ratio between bottom area and water volume.
SEDOUT is flux of ammonium from sediments. UPTAKEhe sum of ammonium
uptake by the growth of phytoplankton. NITFIC idgmgc oxidation of ammonium to
nitrate (nitrification).

Source term for nitrate:

Sw, = WIEEDOUT,, +NITFIC,, —UPTAKE,, —DENIT,, (Eq.24)

NOj3 denotes inorganic dissolved nitréitds the ratio between bottom area and water
volume. SEDOUT is flux of nitrate from sedimentdTRIC is pelagic oxidation of
ammonium to nitrate (nitrification). UPTAKE is tlsam of nitrate uptake by the growth
of phytoplankton. DENIT is pelagic denitrificatiar nitrate to molecular nitrogen.

Source term for Oxygen:
S,, = PROD,, + DENIT,, = DCOMR,; — EXCR,y, = (1~ Q) (PRED,,, -~ W [RSED;, — NITFIC,,,,

(Eq.25)

O, denotes dissolved oxygen. PROD is the sum of axpgeduction by the growth of
phytoplankton. DCOMP is oxygen consumption duexiol@ion of decomposed
pelagic detritus. DENIT is reimbursement of oxyglere to anaerobic decomposition of
detritus by pelagic denitrification. EXCR is oxygesnsumption due to zooplankton
respiration. (1Q) OPRED is oxygen consumption due to predator raspir.\V is the
ratio between bottom area and water volume. RSERygen consumption due to the
oxygen demand by both the decomposition of bemtidtus and benthic nitrification.
NITFIC is oxygen consumption due to pelagic nitatiion.

Source term for benthic phosphorus:

Sper = SINKI ,,y + SINKI . — SEDOUT,,, - BURIAL (Eq.26)

14



PBT denotes concentration of labile benthic phosphper unit bottom area in the
upper “active” sediment layer. SINKly and SINKet are the fluxes to the sediment of
sinking phytoplankton and detritus per unit bottarea. SEDOUT is a redox dependent
flux of phosphate from the sediments. BURIAL ismpanent burial of phosphorus in
layers below the active upper sediment layer.

Source term for benthic nitrogen:

Swer = SINKI 4, + SINKI oy = SEDOUT, o - SEDOUT,,,, —~ DENIT,5r —

(Eq.27)
SEQN, 1 — BURIAL 5,

NBT denotes labile benthic nitrogen concentratienymit bottom area in the upper
“active” sediment layer. SINKly and SINKbet are the fluxes to the sediment of
sinking phytoplankton and detritus per unit bottarea. SEDOUNo3 and SEDOU {4
are redox dependent fluxes of nitrate and ammonfiam the sedimentENIT is
benthic denitrification of nitrate to molecularnoigen.SEQN is redox dependent
permanent removal of nitrogen due to adsorpticanaonium to sediment particles.
BURIAL is permanent burial of nitrogen in layers beloe #ittive upper sediment layer.

Light attenuation:
Kd=Kdy+Kdphy (Eq.28)

Kd denotes the total light attenuation coefficiéfd,, is the background light
attenuation due to attenuation by water, humictsauoes and suspended patrticles.
Kdpny depends on the concentration of autotrophs heramuating for the effects of
self-shading into algal growth.

4 BOUNDARY CONDITIONS

4.1 From the atmosphere

The meteorological forcing data, air temperaturi@dwelocity, cloud cover, relative humidity
and precipitation, are extracted from a databaseea®MHI. It contains data from the
meteorological synoptic network interpolated inteegular grid of 1x1 degree horizontal and 3
hour time resolution, figure 3. The PROBE model patas the momentum transport (Eg.4 and
5), the solar radiation and the heat exchange thélatmosphere (Eq.10 and 11).

15



Figure 3. The meteorological database covers tiaédscharge area of the Baltic Sea,
Skagerrak and Kattegat.

Atmospheric deposition of nitrate and ammonium ealsulated by the MATCH
model, Robertsson & Lagner(1999) and stored in QRx2squares as monthly mean
values. The deposition data used was from the gfeaeperiod 2001-2003. The
atmospheric flux enters as the boundary conditaihé variables nitrate and
ammonium in the SCOBI model. Since the model perfoalculations over the period
1990-2008 it is necessary to extrapolate the daposiata to the whole calculation
period. Based on the three years of MATCH dataly@aean deposition values were
calculated. Assume that the main deposition ocdurisg periods with precipitation
these yearly mean values are distributed overiffexeht years and months based on
weights calculated from monthly precipitation dgrieach year.

There is also a small amount of phosphorus depaditom the atmosphere. The coastal
zone model uses a constant value of 0.5kfgonth according to Areskoug(1993) as
the boundary condition to the phosphorus equation.

For the oxygen equation there is a flux boundandden at the air-water interface

He 00,

7”*6—22 =V, (0, =0y, (1+,,)) (Eq.29)
Here, Oy IS the saturation oxygen concentration at theaserfwhich depends on
temperature and salinity (Weiss 1970). Stigebrét@®1) introduced the factaog, in
order to take into account the effects of air babbh the surface water. He estimated
the value of the “bubble factor” to log=0.025.V,, is an exchange velocity dependent

on wind speed and can be written

16



Vo, =22 (aW +h) (Eq.30)

NES

Here,c is a temperature dependent Schmidt number foreax\y is the wind speed
anda andb are empirical constants depending on wind spegkl8andt (1991).

4.2 From the land

One part of the nutrient transport to the coastakzcomes from land. In the HOME
Water system the land transport of water and misiare calculated by the hydrological
HBV-NP model (Andersson et al, 2005). In the HOME&tér system the HBV-NP

model calculates all discharge from land on daglyds and stores the result on separate
data files, one data file for each coastal subrba3ie nutrient data produced in the
HBV-NP model are in the form of organic and inonganutrients. The total transport of
nutrients from land depends mainly on the sizénefwater discharge since the nutrient
transport is the water discharge multiplied byrhé&ient concentration and the water
discharge varies much more then the nutrient cdaretéoms over the year. The water
calibration in the HBV-NP model is therefore of maist importance.

In the coastal zone model the calculated transjadet enters the upper 1m layer in the
coastal sub-basins. Besides these land dischdrgesadre point sources such as
industries and sewage plants with discharges tireto the coastal sub-basins. These
point sources are also taken into account in tlastabzone model where the discharge
depth may be arbitrary.

During the year 2009 tests have been made to intethe new hydrological model
HYPE into the HOME Water system. These tests wifit;mue together with further
development of HYPE during the year 2010. The psege to replace HBV-NP with
HYPE in the near future.

4.3 From the sea

The conditions in the coastal zone are stronglyddpnt on the conditions in the open
sea outside the coastal zone as the transportlow&®oundary between the coastal zone
and the sea is large (Eq.14). Normal valueA®and mixing depth H along the
Swedish coast lead to boundary water transporteeeet 16 — 10 m*/s which are
normally much higher then the water transports ftanad. But as was mentioned before
it is not only the water transport that controle tonditions in the coastal zone but also
the transported nutrient concentrations which arenally higher in the land transport
compared to the concentrations in the sea trangptne coastal zone.

The water exchange between the boundary sub-basththe sea transports heat,
salinity for the PROBE model and all seven pelagicables for the SCOBI model.
Thus to get reliable model results in the coasiakzarea it is important to know the
physical and biochemical conditions in the seaonlfy measured data should be used to
describe these conditions there would be a ladgkfofmation on zooplankton,
phytoplankton and detritus as phytoplankton is@®ldneasured and zooplankton and
detritus are never measured. Another disadvantagsing measured data is that the

17



measured conditions would be the same for a wholetim as the measuring frequency
is one month in the Swedish national environmesualeillance program for the sea,
figure 4.

Figure 4. Measuring stations included in the défeé measuring programs are marked
with coloured dots. Red dots mark the national mmmental surveillance
program(frequency once a month), yellow dots a Slgitdgram(frequency once a
month) and black dots a SMHI winter program(fregryeonce a year). The white dots
are stations which have been closed down.

To solve this problem the Probe-Baltic model ispted to the SCOBI model and
applied to the Baltic Sea and the West coast ntegm sub-basins, see figure 5.

18
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Figur 5. Schematic picture over the 13 PROBE-Baitib-basins.

As the Probe-Baltic / SCOBI model is also a 1-disienal model, with the same
eqguation solver as the coastal zone model, it ks horizontal mean values with high
vertical resolution in each sub-basin. These valepsesent the physical and
biogeochemical condition in the central part oftesgb-basin. But this condition is
probably not representative for the water closiaéocoastal zone boundary as there
exist horizontal gradients towards the coast. tteoto improve the calculations the
model is used with data assimilation of selectedsugng stations in the sea close to
the coastal zone boundary. The coupled Probe-Ba&{eOBI model calculated all the
nine necessary variables for the different seasaabng the Swedish coast during the
whole period 1990-2008. Those data were storecatanfdes, with a time resolution of
one day, and used as the sea boundary condititve tmastal zone model.

5  CALCULATION DETAILS

The Swedish coast is divided into 8 different cabateas where the coastal zone model
(and the HOME Water system) is applied. These eigtas follows the Swedish water
districts except for the southern Baltic Propetraiswhich is divided according to the
WFD responsibilities of the County Board. Their m@and the number of sub-basin in
each area are, the Bothnian Bay 108 sub-basin8atimian Sea 62 sub-basins, the
northern Baltic Sea 153 sub-basins, the Ostergbttaast 45 sub-basins, the Smaland
coast 54 sub-basins, the Gotland coast 21 subsydkin Skane-Blekinge coast 47 sub-
basins and finally the West coast has 122 sub-bafgure 6.
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“The Bothnian Bay

The Bothnian Sea

The northern Baltic Sea

The 6stergﬁtland coast

3 {::?tland

The Smaland coast

The Wegt coast

The Skéne-BIeking coast

Figure 6. The Swedish coast is divided into 8 défe areas where the coastal zone model is
applied.

The coastal zone model, together with the HOME Wsaystem, runs on a normal PC
with a typical calculation time, of a 100 sub-basystem, is 2-3 hours. The model is
rather easy to export to a new coastal zone argaisss all area specific descriptions as
input data files. The time step of the Probe ma&l@D minutes while the SCOBI
variables and the horizontal water fluxes are dated once every hour. The normal
calculation period should cover the length of 15¢2@rs. Today the period used is
between the years 1990-2006. The reason for usklya long period is that the
nitrogen and phosphorus exchange between the amdethe sediments have to adjust
towards the state of equilibrium. As there are masurements of the amount of
nitrogen and phosphorus in the sediments the lisii#e of these variables is not known
and has to be calculated through several long tamauilations where the final result
from one calculation is saved as the initial statthe next. These calculations were
carried out until there was no drift, on the lomgé scale, in the amount of nitrogen and
phosphorus in the sediment which indicate thasthte of equilibrium is reached. At
this point the data is saved and used as theifiitel condition.
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6 EXAMPLE : THE COAST OF SMALAND

This chapter illustrates some model results froendbast of Smaland which is situated
in the south eastern part of Sweden. The coasta awdel set up of Smaland is
divided into 54 sub-basins, Figure 7. All sub-basames and connections through
sounds to neighbouring sub-basins are shown scleaitatn Figure 8. The 1-
dimensional Probe-SCOBI model is applied to eathtmsin and all variables are
calculated in every sub-basin at the same time $tep calculation period is from the
year 1990 to 2006.

Figure 7. The map shows the coast of Smaland andivision into 54 different
sub-basins together with the discharge area. Theuws dots are measuring
stations use for verification of the model results.
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One difficulty in the validation of a 1-dim modsal that the model results, which are
horizontally homogeneous in a sub-basin, are coetptar measured data from a single
station in the area. This may not be a problerafrheasuring station is placed in the
central part of the sub-basin. But normally thisas$ the case. The measuring stations
along the Swedish coast are however often plac#tkiricinity of a point source outlet,
a river outlet or at a sill between two sub-basid thus do not describe the mean
conditions horizontally.

The model results from the two sub-basins Vastia,3n the southern part, and Inre
Gamlebyviken, in the northern part of the coas$mialand, will be compared to
measured data from station K15-MV and RefV2-V resipely. The two stations are
marked in the map in Figure 7. The data to be coetpare salinity, temperature,
oxygen, nitrate, phosphate and phytoplankton duhiegvhole calculation period 1990-
2005, see Figures 9 and 10.

Véstra sjon. This sub-basin surface area is 7kmith a maximum depth of 6m.The
mean discharge from land is only 0.2%sn Towards the sea the boundary is open
without any significant sill that could reduce tiarizontal water exchange. With a
small discharge from land and an open boundaryris\véne open sea the state in the
sub-basin Vastra Sjon will probably be more affédtem the open sea than from the
land discharge.

The calculated and measured results from the sugad bottom water are presented in
Figure 9. The measured salinity show larger vamnetiboth at the surface and at the
bottom compared to the calculated salinity.

The calculated oxygen condition is normally in g@ggleement with measurements in
the surface water. As Vastra Sjon is a shallowlsadin there are only small differences
between the surface and bottom water and thus ¢asuned bottom oxygen is well
described in the model.

For nitrate and phytoplankton the agreement is dimaieen calculations and
measurements in both surface and bottom watemptrasphate however the
measurements show a larger variation comparecetmtitel calculations.
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Inre Gamlebyviken (Figure 10) This sub-basin surface area is 9.3kmith a

maximum depth of 57m.The mean discharge from larid3ni/s. The sub-basin is the
inner part of a long and narrow bay. It is connédtethe sub-basin Yttre Gamlebyviken
through a sill with a depth of 5m. Yttre Gamlebyafikis connected to Skeppsbrofjarden
through a sound with a sill depth of 10m and Skbpgffarden is connected to
Lusarnafjarden through a sound with sill depthof 8ee Figure 8. This means that the
state of the Inre Gamlebyviken will probably be maffected from the land discharge
than the open sea water which has a long way threageral other sub-basins before it
reaches Inre Gamlebyviken.

The measuring station Ref-V2V is situated wherediyath is 50m and is therefore
assumed to be representative for the whole sulnrbasi

The calculated and measured results from the sugad bottom water are presented in
Figure 10.

The calculated salinity varies in the same wayhasneasurements although it is a little
to high in both surface and bottom water. The wegemperature and oxygen conditions
are well described in both surface and bottom wé&talculated nitrate and phosphate
values are most of the time in good agreement thi#hmeasurements. Deviations occur
for nitrate in the surface water during three wisitend for phosphate in the bottom
water during two winters. The calculated concerdradf phytoplankton is lower than
measured concentration. Normally the maximum catedl concentration is around 4
mg chl/n? while the measured maximum concentration ofteiesdretween 4 — 10 mg
chl/m*with some values even over 20 mg chl/m
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