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A 3-djmensional coupled physical-chemical-biological model (NORWECOM) is
validated using observed nutrient fields in the North Sea. The observations used in this
study are aggregated nutrient data for the'peri'od 1980-89 obtained from the ICES.
The data has been grouped in winter, early summer and late summer data, and mean
vahtes and the standard dmnahnnq are given for 0.5° latitude x 1.0° longitude boxes
spanning the North Sea. The nutrient ﬁelds from the NORWECOM is used to produce
an aggregated model data set that is compared ‘with the observed values. Results on
both the model’s ability to reproduce the mean observed nutrient concentrations and
the spatiai variabiity are presentea Since the differences are typicaily larger in areas
with high vanablhty, a ‘cost function approach, te. the differences between
observations and model data welghted mth the standard dev:atlon, are used in the
comparison study ' ‘
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INTROD
Increased i ulpum uf cumuupugmnu ucuvcd uuuwut:s o tuc North Sea have caused
elevated nutrient levels and adverse eutruphlcatlon effects in some areas (Anon.,
1993). The most obvious changes in the nutrient concentrations and in the primary
productlon has taken place in the continental coastal waters, but effects are also seen
farther away from the major nutrient sources (Anon., 1997). In situ measurements
have documented these changes (Radach et al, 1990), but to increase the
understanding of the eutrophication issue coupled physical-chemical-biological models

have been constructed (Aksnes et al., 1995, Moll and Radach, 1994). The models have
- proved to be useful tools to study the anticipated area inﬂuenced by increased
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1995). However, even though some comparisons with observations have been carried
out (Anon., 1998), there is a lack of objective quantified validation. NORWECOM has
recently gone through a development in order to be able to do multiyear simulations of
primary production and nutrient concentrations in the North Sea. In this development
process we first focus the wvalidation on the mean yearly cycle of nutfient
concentrations for the 10 year period 1980-89. Actually because of the limited amount



of observations available, we have chosen to compare 10 year means for three periods
of the year to be able to do a comparison that encompass most of the North Sea. It is

important to keep in mind that all the chemical-biological model parameters are from

the literature (Aksnes et al. 1995), and has not been tuned or calibrated.
MATERIAL AND METHODS

The Model
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chemical, biological model sysiem {Aksnes et al. 199 .
study primary production, nutrient budgeis and mspers:ou ot pdﬁlut:b {fish larvae and
pollution). In the present study the model is used with a horizontal resolution of 20x20
km on an extended North Sea (see Figure 1), and in the vertical 12 bottom following
sigma levels are used. The physical model is based on the Princeton Ocean Model
(Blumberg and Mellor, 1987),and the chemical-biological model is coupled to it

through the subsurface light, the hydrography and the horizontal and the vertical
motion of the water masses. The prognostic variables are morganic nitrogen,
phosphorous and sﬂxcate two different types of phytoplankton (diatoms and
flagellates), detritus (dead organic matter), diatom skeletal (blogemc opal), inorganic
suspended particuiate matter (ISPM), oxygen conscn[l'duun and lght. Particulate
matter has a smkmg speed relative to-the water and may accumulate on the bottomn if

the bottom stress is below a certain threshold value and likewise resuspenslon takes

i
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place if the bottom stress is above a limit. Regeneration of the organic partlculate o

matter takes place both in the watercolumn and in the sediments. The bottom stress is -
due to both currents { mchldi_i;r tides) and surface waves. The forcing vanables for the o
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wiiid stress provided by the Nomeg*.&a M..teorolomr‘a' Institute (DNMI), four tidal

constituents at the lateral boundaries and freshwater runoff, Initial vatues for velocities,
water elevation, temperature and salinity are taken from monthly climatologies -
(Martinsen et al. 1992). Interpolation between monthly fields are also used at all open
boundaries, and a 7 gridcell "Flow Relaxation Scheme” (FRS) zone (Martinsen and

Engedahl, 1987) is used. To calculate the wave oomponent of the bottom stress, data_ o

from DNMI’s operatlonal wave model ,WINCH, are used
Nutrients (morgamc nitrogen, phosphorous and silicate) are supplled to the modelled )

area ﬁ-om the rivers, monthly data for nutrient loads, from the atmosphere (only
inorganic nitrogen) and from the open boundary through the FRS zone. The initial -
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nuirient felds are derived ﬂ‘ﬁi"ﬁ da a obtained from ICES """"'ﬂ“"’ with some qmn]l
initiaiamounts of aigae. ' '

To produce the model fields used, NORWECOM was run for the period 1980-89 with
one spin up year (i.e. 1980 was run twice). Monthiy mean fields of the physzcal and
chemical biological variables were saved, and the 10 year means for the three periods
winter (January-February), early summer (May-July) and late summer (July- ‘
September). were calculated from those fields.

The Data -
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the temperature, sahmty, mtrate phosphate silicate and. oxygen measurements -



available in the ICES data base for the years 1980-89 was used to calculate averages .
for three periods of the year, January-February, May-June-July and July-August-
September. The data was averaged in boxes with two layers , the surface layer of 0-20
m and a lower layer of 20 m to the bottom, and the boxes had a Jateral size of 0.5°
latitude x 1.0° longitude. The standard deviation. based on all the measurements that
was used to calculate the averages for each box was also supplied together with the
number of observations. The averages were assumed to represent temporal averages
for the boxes even though it is possible that the averages in some boxes are based on
measurements fom omnly one single }'%&I. Since the data was supplied in aggregated
form, we do not have specific informaiion on this.

Method

Berntsen et al. {1996) proposed to quantlfy the dlscrepancles between models and
measurements using a costfunction, relating the difference to the normal variation of .
the field variable, This is done by normalising the difference between the mean (in
time) fields from model and measurements with the standard deviation. Let F be either
a temporal average model field, Fmoae, Or the corresponding temporal average
measured field, Fyu, and let SDyy,, be the standard deviation field from the temporal
average of the measured field. Then the costfunction fieid {poini-to-point ) Is. defined .

Dr = (Faa - Fooie)/. so@

» of the ahsolute values -of the
(l"l‘ld points. Refore the
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longitude. data grid. . Note that the costﬁmctmn is a positive number whereas the
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costfunction field has both positive and negative values as defined by the formula -

above. _
Even for a 10-year penod, the number of observatlons m some areas ofthe North Sea N
are low, for some variables even zero. For some data there are also many identical
. observations, thus the standard deviation is zero. To avoid using a standard deviation
calculated from. a non-representative selection of data, a minimum number for the
standard deviation has been introduced, and the point is set to undefined if the. number
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deviation as Sy, = max (S , SD(F,n) ), where ¥ is the parameter in guestion,
and » the number of observations. The vaiues for SD(F,n) are given in Table 1.

The costfunction technique is exemplified in Figure 2. In the upper left panel the mean
observed salinity field for May, June and July (1980-89) in the upper 20 meters is
given. The corresponding model fiekl, before interpolation. to the same grid as the
measurements, .is given in the upper right panel. Subtracting the model field from the
measurement field gives to the difference field depicted in the middle left panel, while
normalising with the standard deviation field (middle right) gives the costfunction field
shown in the lower panel. The mean of the absolute values of this field is 0.49 (see
Table 2), telling that the model on average is less than 0.5 standard deviation off the

measured salinity.



RES‘ULTS '

A summary of the main results are given in Table 2. For each of the three seasons the :
mean values of the observations, the model, the absolute value of the differences {data-
model) and the costfunction are given for the upper 20 meters and from 20 meters to.
the bottom. As can be ‘seen there are large differences between the different
parameters, and the dlscrepancy between model and observatlons also changes with
season. :

The best results, in the context of a low costﬁmctneﬁ, are seenin the: sahrmy uﬁlda with
an overaii {ail seasons) mean of 0.70. This ‘means ‘that the modelled salinity is well - .

within one standard deviation of the observed field. Nitrate, on the other hand, gives a
very high costfunction (more than 13 in the upper 20 meters in late summer), but the

cost function for this parameter shows a large seasonal variability, with much lower. . -

values ‘in winter. In the winter field it is interesting to note the large mean of the -
absohite vahiag n-Ffl-\p difference fisld (4 18 uM in upper 20 meters). With a mean of -
the modelled nitrate less than 1 ,,.,M off I’iE'ubS%i"\'r'adGﬂS, this md icates bcth large
positive and negative anomalies. s o :
For the other parameters, the costfiinction is mainly between 1 and 2. For temperatu:re
silicate and chlorophyll(A), the results for the summer seasons are better than for the.
winter, while the opposite is true for oxygen and phosphate. Generally there is a
consistency between the results for the upper 20 meters and the bottom layers through .
the seasons. The main exception for this is the change in summer oxygen, with a
significant lower costfunction in the bottom layer in the early summer, changing to a
lower value in the surface layer in the late summer.

=1 o ,
To gt a pn..l.ulc of the spatial variation of the costfunction fields, the results for-

early summer period (Iviay—.lune-.lmy; are given in Figures 3 and 4. In the keft parels
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the horizontal distribution’ of the IU~year modeiied means are shown, while the -

corresponding costfunction fields are given in-the right panels. All results, except for -
the oxygen field, are for the upper 20 meters. It should be noted that for large areas -

there were none (or too few) datapoints available for calculation of the costfunction - -

(white areas in the costfunction field). The scale for the costﬁmctlon fields in the
'ﬁmlﬁ'—-e are linear from -3 with si_'E_'n 1to+3. ‘ :

The large values for the costfunction for nitrate is seen to be due to large dlscrepancles
in the central and northern part of the North Sea. The: coastal areas however, gives a-
costfunction between -1 and +1. The reason for these low costfunction field values is
the large “standard deviation in these areas. Looking on ‘the difference field (not
shown), the absolute error is higher at the coast than in the central and northern North
Sea. The temperature shows a similar pattern with a high costfunction in the northern -
North Sea, and low values in the rest of the area. Again this is° due to a higher o
variability in the southern parts. For the other parameters the picture are more -
scattered, with qmaﬂ areas with a high costfinction ‘surrounded by larger areas where
the costfinction is between -1 and +l Thig: scattered nnﬂ'Frn can narﬂv be exnlamed-"
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by a much lower densﬁy of measuremcnts for the blologlcal and chemlcal parameters
than the physical ones, and thus may partly be due to uncertam estlmates of both the
measurement averages and standard dev1at10ns : o



'DISCUSSION - R e

With the large. import of nutricnts to the North Sea from the Atlantic Ocean, and the
~ short and -long term variability in this transport (Laane et ai.,i996), a proper
representation of the physical processes becomes essential when modeiling nutrient
fluxes and primary production. In fact, model studies (Skogen and Moll, 1998)
indicates that the interannual variability of the primary production to a large extent (70
- 90 %) can be explained from either variations in the vertical mixing or the Atlantic
.mchange In Skogen et al. {1997) and qw-ndqpn et al. (1996) the models ability to
wpluuuw the shoit term vmmw.m._{ m’“g“"""" was d’““‘““-*“"t"'ﬁ The low
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costfunction (Tabile 2) for the salinity field in both the top and bottom layers, combined
with the.temperature results, also indicate a proper representation of the climatological
mean of these fields. The modelled undetlymg physics, including the short term
variability and the large scale circulation, is therefore assumed to be a proper forcing
for the nutrient cycles.
Aside from the low costfunction values for sahmtv it is the high values for nitrate in the
two summer penods that strikes one when the Table 2 is examined. This is partly due
to the fact that in the model it is the inorganic nitrogen that is a state variable and this
is compared to the measured nitrate. concentrations not including ammonia. In the
surface iayer (0-20 m)in summer, ammonia concentrations Luay even be l'agher than
the nitrate vaiues (Radack and Gekeler, 1997). If we look at the bottom layer (26 m -
bottom) the inorganic nitrogen values in the model remain fairly constant throughout
the year, whereas the measured values show a marked decrease (less than half). This
indicates that the primary production in the model does not penetrate deep enough and
thus we do not have reduced concentration in this layer. The same is seen for
phosphate, and to some extent for silicate. This may be attributed to the hEl‘lt
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light affinity parameter. The winter silicate concentratlous in the model are too low,
and this may be due to a too slow regeneration of biogenic opal (diatom skeletal). An
increased regeneratjon speed will however not only increase the silicate concentrations
in winter, but also lead to an increased diatom production. Above we have pointed to
possible model limitations in order to explain differences between observed and
modelled concentrations. In addition we should not overlook the importarice of proper
lateral boundary conditions and river loads.

Even- though"there are ‘clear: limitations in both the data set and the cost function .

mcthcd used in this validation, the exercise has pnmfed to geveral processes. in the
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model that cai be uupluvcu in future versions. At the same time the technique

evidence of the higher qualiiy parts of the model, ensuring that resources arc being
spent in the right way for such further model development. We also believe that the
costfunction approach can be an important tool.in the process towards an objective
and standardised method for model validation and model-model intercomparison.
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' T In<10{10<n<100 | n>100
Phosphate ' - - | undef ) :0.05 -0.01
All other parameters | undef 0.10 0.01

~ Table 1: The function SD(F;n)

~ JAN-FEB T MAY-JUN-JUL | JUI~AUG-SEP

Obs Mod Diff Cost | Obs Mod Dif Cost | Obs Mod - Diff Cost

To-20 573 7.56 1.85 2071170 11.05 1.18 0.65 1405 12.77 131 1.36
Tgo-p | 615 805 191 236 | 839 9.08 097 0.70 (10,57 1056 1.21 0.94

So_20 33.98 34.12 039 076 ;3348 3372 043 04913355 3383 042 0.70
Sag-p 34.69 34.72 0.21 (.73 | 34.64 34861 0.20 0.70 13460 3459 019 (.83
Go_ap 687 6.70 0.19 100 6.2 .6.15 ©6.57 163 582 586 (.19 1131
Og0—s 6.71 6.61 0.15 1.05{ 6.50 6.17 042 093 | 561 593 036 2.16

P20 0.7 069 017 090 022 028 013 125} 024 028 0.17 1.0
Pay_s 0.71 071 010 093 ) 043 063 021 168 044 061 020 1.27

Sig ..o 550 322 258 1441 1.10 054 0.70 0.76 | 1.29 057 0.84 1.28
450 332 151 137} 234 220 079 0821[ 292 211 1.09 0.80

| Q3 .

- Dlg2p—p Z.0U B S 31 L.o4 1.3
Npo—2 1023 929 418 1.74] 203 3.76 3.03 957 | 098 3.70 3.256 13.57
Nag—p 833 950 232 203 353 857 510 829 | 346 824 485 38.11
Chlp-2 | 092 055 044 161 | 213 131 119 150} 1.89 0.73 120 1.17

Fa¥ay “

Chly_, | 0.77 052 032 2271 202 068 1.38 1.48] 1.51 G.54 1.00 110

Table 2: Statistics for the for the mean seasonal (1980-89) North Sea fields of Temperature
(), Salinity (psu), Oxygen (ml/1}, Phosphate {uM), Silicate (uM), Nitrate (M) and
Chlorophyll(A) (mg/m3). The table gives the mean value of the observations, the model,
the absolute value of the difference {data-model} and the costfunction, < Dg >, in both
the upper 20 meters and from 20 meters to the botiom '
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Figure 2: Observed mean salinity (upper left), modelled mean salinity (upper right), the
difference {data-model) field (middel left), the standard deviation of the observed salinity
(middel right) and the costfunction field (lower). All results are mean (1980-89) for May,
June and July in the upper 20 meters '



Figure 3: Mean (1980-89) model (left) and costfunction (right) field for inorganic nitrogen
{upper), phosphate (middle) and silicate {lower}.. The results are for May-June-July in the
upper 20 meters. The nutrient fields are in (pM), while the isolines in the costfunction
field are -3, -2, -1, +1, +2 and +3 :



Figure 4: Mean (1980-89) model (left) and costfunction (right) field for temperaturé (up: .
per), chlorophyll(A) (middle) and oxygen (lower). The results are for May-June-July, in
the upper 20 meters for temperature and Chl(A), and from 20 meters to bottom for oxygen.
Chl(A) is given in (mg/m®), and oxygen in (mi/l), while the isolines in’the costfunction
field are -3, -2, -1, +1, +2 and +3



