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1. Introduction

Model forecast of daily transports of water heat aalt through a series of North Sea transectspace
within the framework of NOOShftp://www.noos.cE since 2004. Today, three NOOS partners are
contributing: DMI (Danish Meteorological InstituteBSH (Bundesamtes fiir Seeschifffahrt und
Hydrographie) and MUMM (Management Unit of NorthaSdathematical Models).

As NOOS member, the Met. Office is willing to paipiate with the new European Shelf operational tool
being developed within the framework of the MyOce@aaject. This new tool will be referred to as the
UKMO model in this NOOS report.

In this context, it appeared interesting to proceed first assessment of such model products\iitig a
model to model comparison approach as well as, evieempossible, with a comparison with similar data
found in the literature.

The main objectives are to assess the degree ef@ate between the results of these operationisl, two
check order of magnitudes and to verify how fasthols reproduce known features of the North Sea
circulation. Trying to explain differences, if any, at this stage, outside the scope of the study.

The report is structured as follows. A first sentieals with a short presentation of the three isdde

which daily transports for the year 2008 are adélaThese are: UKMO model (internally referrech#o
AMMY7), BSH model (also known as BSHcmod) and MUMMael (also known as Optos_Nos). DMI was
not yet participating to the exchange in 2008. Sdetails on the selected method are given in tind th
section. The core of the report deals with thegmegion and discussion of the results. It is didiéhto

two parts: i) the assessment of the daily transpa)tthe analysis of monthly and annual mean esli
summary and some conclusions are given in theséagion.

2. Description of the models

UKMO model
For details on the UKMO model, we refer to O’Detaal. (2010).

For the purpose of this report, it suffices to say:

- it covers the North east Atlantic, roughly speakfirign 40°N to 65°N and from 20°W to 13°E;

- the model is nested in a series of one-way negtetMet. Office global ocean models;

- tidal forcing (15 tidal constituents) is includeslaell along the open boundary as in the interfor o
the domain (equilibrium tide);

- hourly atmospheric forcing fields are provided bg tJKMO mesoscale NWP model.

- the horizontal resolution is of the order of 7 km;

- the hydrodynamics are supplied by the UKMO She#sSmodel and the ecosystem is supplied by
the European Regional Seas Ecosystem Model (ER®akttaet al, 1995);

- aAssimilation Correction Method (Martetal., 2007) is used to assimilate SST data.

BSH model

A new version (v4) of the three-dimensional bamiclicirculation model ‘BSHcmod’ (Dickt al, 2001)
has been introduced in operation in 2008 (GEthl, 2008):

- it covers the North Sea (from 4° W to 60° N) anel Baltic sea;

- the horizontal resolution is of the order of 5 km;

- anovel home made adaptive vertical co-ordinateesy$ias been implemented,;

- the tidal forcing is calculated from harmonic camds of 14 tidal constituents;



- external surges are provided by a2D NE Atlantic etpd
- meteorological forecasts are supplied by the Geiaather Service (DWD).

MUMM model

The MUMM'’ system of operational tools and serviaederred to as OPTOS, is based on the COHERENS
model (Luyteret al, 1999; Pison and Ozer, 2003). Three different @mm@ntations are used:

- a 2D implementation covers the North West Europeantinental shelf (Optos_csm). Only the
barotropic mode is turn on. The model open boundksely follows the 200m isobath. The
horizontal resolution is or the order of 6 km. Thedel is driven by the tide (4 diurnal and 4 semi-
diurnal tidal constituents) and by the numericahther predictions provided by the Met. Office
(at up to 6 hourly frequency and with a resoluggual to 0.556° in latitude and 0.833° in
longitude).

- afull 3D baroclinic version is used for the No8ka. The horizontal resolution is as for the North
West Shelf. 20 sigma layers are used along th&caerMonthly mean fresh water discharges are
introduced at the mouth of the main rivers. Timd apatial resolution of the meteorological
forcing is as for Optos_csm.

- Alast 3D baroclinic implementation is used for Belgian coastal waters. The horizontal
resolution is of the order of 750 m and 10 signyaila are introduced in the vertical.

The transports delivered to NOOS are coming froenNbrth Sea model implementation also referredto a
Optos_Nos. The southeast limit of the model ared #£W and the northern one at 57°N.

3. Description of the method

The three models covering different areas, it wexgded in a first stage to work only with that thewe in
commonii.e, the North Sea from 4°W to 58°N. Nine NOOS tratsace present in this area. Their
position is given on Figure 1. Note that trans&cénd 8 are very close to the northern limit of MMM
model.
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Figure 1: North Sea transects in the area commoB3&, MUMM and UKMO models.
Arrows indicate the direction of a positive trangpo

To stick with the most recent version of BSH moalelly 2008 model results will be analyzed.



Daily transports of water, salt and heat are firslyzed by means of a series of metrics aiming at
providing useful information on the level of cohace existing between them.

Afterwards, averaged values over different timaquer will be considered to verify how well the tare
models reproduce known features of the North Sealeition at those time scales and how far, tresults
are in the range of estimates found in the litesatu

4. Daily transports

Time series of daily transports of water througtmsects delimiting the area of interes.(transect 14 in
the Channel and transects 7 and 8 at 57°N) aremexon Figure 2. There is a strong day to day
variability in these transports. Part of it is presbly coming from the fact that not all tidal fueapcies are
filtered out by the twdVl, cycles averaging procedure. The largest part homis\adtributed to the
variability in the wind forcing.
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Figure 2: time series of daily volume fluxes (1=80° n’s?) through transect 14 (top
panel), 7 (middle panel) and 8 (bottom panel). green line shows the BSH model
results, the blue one for MUMM model results arelttagenta line presents the UKMO
model results.

There seems to be a very good agreement betweeesthiés of the three models. Events do occur
simultaneously with some differences in their atoplke. Most often, positive and negative peak values
larger in BSH model and smaller in UKMO model.

Despite that variability, it is noticeable that #ieculation in the area has been most of the tm008 as
expectedi.e., inflow of Atlantic waters through the Channel aidng the east coast of UK and outflow
along the Danish coast. This is further confirmgdhe % of positive and negative values of the radu
fluxes through the different transects as presenteBligure 3. On average, the anticlockwise citbutais
observed nearly 70% of the time. It seems to lgd}i more stable in UKMO model than in BSH model.
For instance, through the Dover Strait, 77% ofihkeies are positive in UKMO model while this
percentage is reduced to 62% in BSH model. AloegdK coast (transect 7), the percentage of negative
values is equal to 76% in UKMO model and to 7098 8H model.
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Figure 3: percentage (%) of positive and negatiakigs of the volume fluxes through the
different transects in the area of interest. Resate presented for year 2008. Color code
is as on Figure 2. For the clarity of the graplerpentage of negative values is presented
with a minus sign. Transects number is given albiegx axis and these are organized
from south to north.

To quantify the agreement between these modeltsesueries of metrics has been computed. Model
results have been compared two by twe,(MUMM compared two BSH, UKMO compared to BSH and
UKMO compared to MUMM). For each comparison, thikofeing metrics are computed: mean and
standard deviation of each data set, root meanrsgliference, correlation coefficient, normalized
standard deviation and normalized root mean sqiiffexence. This has been done for water, heatsaitd
transports. All values are given in tabular fornrappendix.

Taylor diagrams are used to present the resulisconcise way. Recall these diagrams are basdtkon t
correlation coefficient between two fields, thdadietween the standard deviation in the two fieldd the
normalized root mean square error. A detailed disicin on these diagrams can be found in Jefitil.
(2009) for instance.



Daily volume fluxes : 2008
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Figure 4: Taylor diagram for the daily volume fledrough North Sea transects in
2008. A symbol is used to identify each transss# (egend). Color indicates the
comparison: green is used when MUMM results arepamed to BSH results; blue is
used when UKMO results are compared to BSH resulgggenta when UKMO results
are compared to MUMM results.

For volume fluxes, the agreement between the teteof model results is largely confirmed. Cotiefta

is varying between 0.81 (MUMM-UKMO at transect AdaD.96 (BSH-UKMO at transect 14). On average,
the correlation is better in the comparison BSH-UBNKbnly one value below 0.9 and 4 values close to
0.95) than in the other comparisons. The normdlipet mean square difference is always less th&an 0
Concerning the variability in the daily transpdhte best agreement is between MUMM and BSH. The
range of variation (estimated from the normalizechdard deviation) in the MUMM results is between
72% and 84% of the range of variation in BSH resuibr UKMO shelf model, the limits of this range a
equal to 44% and 76%. As perceived on Figure 2ydifigme transports computed by BSH are generally
larger than those provided by the two other mod¢#kMO volume transports are on the average the
smaller.

Daily salt fluxes : 2008
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Figure 5: Taylor diagram for the daily salt fluxdgough North Sea transect in 2008.
Symbols and colors are as on Figure 4.

The agreement between daily salt fluxes seems lesesatisfactory than that obtained for the v@lum
fluxes. Correlation coefficient is now varying tveen 0.69 (BSH-UKMO at transect 14) and 0.95 (aeal



which appears 4 times). On average, the highestlation is found between MUMM and UKMO

(7 = 091) and the smallest between MUMM and BSH= 087). As for the volume fluxes, the range of
variation in MUMM results is quite close to thatBi$H results (normalized standard deviation varies
between 0.72 and 0.90). The normalized root meaarscgrror is greater than or equal to 0.6 fouesim

Daily heat fluxes : 2008
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Figure 6: Taylor diagram for the daily heat fluxésough North Sea transect in 2008.
Symbols and colors are as on Figure 4.

The Taylor diagram for the daily heat fluxes (Figé) is very similar to that for the volume flux@&sgure
4). Here too, the best agreement seems to be be®B&id and MUMM. In fact, as can be seen in the
appendix, the statistics for heat fluxes are véogecto those for volume fluxes. This could be tuthe
fact that that in heat fluxes temperature is exggésn degree Kelvin.

5. Time averaged values

The long termi(e., variations at tidal frequencies being removedjutation on the North-West European
shelf has been (and still is) the subject of afattudies €.g, Otto etal., 1990; Prandle 1984a and 1984b;
Smithet al, 1996; Delhezt al, 2004; Holt and Proctor, 2008).

The three driving forces of this circulation are tide, the wind and atmospheric pressure and &terw
density gradients. Main characteristics are asfadl Atlantic waters enter the North Sea through th
Dover Strait in the south, along the coast of Seamtland between Orkney and Shetland in the Nohérer
is also in inflow of these waters at depth at tlestwof the Norwegian trench which in turns is theam
outflow area. A anti-clockwise circulation is geaky observed in the Southern North Sea. Currents i
central North Sea are more variable.

Estimates of monthly, seasonal and annual meamartgport through some of the NOOS transects found
in those publications are used to verify that thibséved from the three model data sets used #nsthidy

are in the right order of magnitude. Explainingeli€nces, if any, is outside the scope of thisystud
Differences in such model estimates may come fradehphysics and/or details of their implementation
and there is no single model parameter that calaiexhem. The use of different meteorological fogcis
suspected to play a significant role.

It must be stressed that monthly and annual melleyaeported here are arithmetical means of thg da
values using only those days common to the 3 modehey are some gaps in the 2008 time series, ofiost
them coming from MUMM time series. Recall also tHaily transports are obtained by averaging model
results over twaMl, tidal cycles. There ide factoan overlap between two successive values thanissa



impossible to remove. For these two reasons, mpatidl annual mean values discussed here must be
considered with some caution.

The 2008 residual circulation estimated from thre¢hmodel results is depicted on Figure 7. All mean
values of the transport through the different temts are also given in Table 1. In 2008, the timedels
produce a North Sea residual circulation in acaoecdawith its long term mean. The largest inflowO(4
Sv) is observed along the UK coast at 57°N (trangeand all water (~ 0.4 Sv) is leaving the areag

the Danish coast. The inflowa the Channel (~ 0.1 Sv) is approximately four tirmesller.
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Figure 7: residual circulation in the North Sea dexd from the daily transports of three
models. Blue arrows present BSH model results kkdaows present those of MUMM

model and results of UKMO model are presented gnsef grey arrows.

Transect # BSH model MUMM model UKMO model (Max-Min)/Mo
Sv Sv Sv %
14 0.096 0.122 0.070 54
13 0.090 0.121 0.080 43
12 0.063 0.092 0.095 38
10 -0.085 -0.064 -0.027 99
11 0.202 0.207 0.163 23
19 0.128 0.130 0.127 2
20 0.122 0.121 0.105 14
7 -0.420 -0.337 -0.470 33
8 0.420 0.362 0.421 15

Table 1: annual mean values of volume flux throNgith Sea transects. Values are for
2008. The transect number is given in tfledlumn. BSH, MUMM and UKMO results
are given in the™?, 3% and 4" column, respectively. The last column containseézh
transect, the ratio (expressed in %), between ifierdnce (maximum value minus



minimum value) and the mean of model values. Htis is considered as a measure of
the model to model variablitiy.

For the Strait of Dover, an estimate of the neglterm flow into the North Sea of 0.094 Sv is répdrin
Prandleet al.(1996). This estimate is obtained from year-lon@sueements of currents using shore based
high frequency radar and a bottom mounted acoDstpler current profiler. Results from high resaat
modeling studies available at that time (Salorabal, 1993) were in close agreement with this estimate.
With a yearly mean volume flux of 0.096 Sv, BSH rebid the closest to these estimates. MUMM model
value (0.122 Sv) is approximately 30% lager whikkMUIO model estimate (0.070 Sv) is only 15% smaller.

As already explained, annual mean values listéithlle 1 can’'t unfortunately be used to really check
whether or not there is (nearly) a balance betweth inflow and outflow in 2008, neither for théhale
domain nor for smaller parts of it. Note howevettfor the whole domain, the three models “accuteiila
water (~0.1 Sv) and that in the Southern Bight, Bid MUMM models are “storing” about 0.03 Sv while
UKMO is releasing almost the same amount. Additiigrta these “daily” transports, it could be of
interest, within NOOS, to exchange better estimafesonthly, seasonally and annual means that would
allow the verification of some of these balances.

Now model to model variability between these anmwadlies is far from being negligible. In the last
column of Table 1, the ratio (expressed in %) betwthe difference (maximum value minus minimum
value) and the mean value for each transect isgedvn an attempt to quantify it. At transect ft#s ratio
is equal to 54%. The best agreement is observiwiGerman Bight. For the inflow through transkt
the range is of the order of 2% of the mean vahdefar the outflow it is close to 14%. The largest
spreading between the results is observed at tahBenvhere the range is almost equal to the mehreyv
Volume fluxes through this section are quite srhallvever.

Model to model variability has already been poimed several times in the pastq, Jamart and Ozer,
1989; Smithet al, 1996; Proctor, 1997; Delhet al, 2004).

In Smithet al. (1996), yearly mean transports through North &sasects computed by three different
models are presented and discussed. The threeipatitig models are: IfM 3D baroclinic hydrodynamic
model (Backhaus and Hainbucher, 1987), IMR 3D Hamochydrodynamic model (Skogen, 1993) and
POL 2D tide and storm surge model (Flataeal, 1991). Even if the period of interest (1987-198i3ers
and even if the transects are not exactly the skroking at some of their results can help to shether

or not model to model variability has been reduagdme passes.

Transect # IfM IMR POL (Max-Min)/Moy
Sv Sv Sv %

10 (11) -0.11+/-0.02 -0.04+/-0.03 -0.01+/-0.01 188

19 (12) 0.18+/-0.04 0.20+/-0.05 0.09+/-0.04 70

7(7) -0.46+/-0.08 -0.13+/-0.07 -0.14+/-0.08 137

Table 2: yearly mean +/- one standard deviatiotun@e fluxes through three North Sea

transects provided by three different hydrodynamdaxlels. In the first column, the first
number is the transect number used in this stuely Esgure 1) while the number in
brackets is that used in Smith et al. (Fig.5).Yeanean and standard deviation are
coming from model runs over a seven year perio@711093).

The number of transects is quite small and doesaadiy allow to draw final conclusions. Howevar, i

seems well that model to model variability in NO@Smaller than that sometimes observed in the past

Time series of monthly mean values are presentddgure 8. Month to month variability is coherent
between the three models. It is in January thaNitreh Sea circulation has been the strongesttteor
inflow through the Channel, the second month inantgnce is August. In the North, large in- and lowif
are also observed in October.
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Figure 8: time series of monthly mean volume fly%e3 through North Sea transects.
Month number is given along the x axis. Note thange of y axis for transect 7 and
transect 8. BSH model results are presented inrgrgwse of MUMM model in blue and
UKMO model results are presented in magenta.

6. Summary and conclusions

A comparison between transports through differemttiNSea transects as provided by three shelf seas
numerical models has been carried out. It's wetivn that such transports are quite sensitive toainod
physics €.g.turbulence closure schemes), model setaps (nodel domain, horizontal and vertical
resolution), model forcinge(g, along the open boundaries and at the surface)astdut not least,
employed numerical schemes. Nevertheless, quamityie degree of coherence between the results and
whenever possible comparing them to estimates ghdadi elsewhere was found of particular interegten
context of the development of a new operationdl abthe UKMO performed in the framework of the
MyOcean project.

The other models results are coming from operatimuds used by two NOOS partners, BSH and
MUMM, respectively.

The area common to the model is the North Sea Aidmto 57°N and they all have been run for the year
2008. Basic transport data are daily values (ihti@o tidal cycles averaged values) of volume, (zewt
salt fluxes through nine transects which have higfimed by NOOS.

Time series of daily transports though mean infeowl outflow sections already indicate a quite good
correlation between the results. Major (wind) egesttcur simultaneously. Peak (positive and negative
values are slightly larger in BSH model resultsitirathose of the two others models.

The degree of coherence between these daily veupsntified by means of a series of metrics: nmaah
standard deviation of each data set, and, for patctof data, root mean squared differences anclation
coefficients. Results are presented by means dbfdiagrams which provides a very synthetic oveni
All values are also given in tables to be founthia appendix.

For volume fluxes, the domain of variation of BSlddel results is clearly everywhere greater thah tha
observed in MUMM and UKMO data. Correlation is guitigh (between 0.81 and 0.95). It is between BSH
and MUMM that the spreading between the resultsesmallest. Normalized standard deviation is abov
0.72 and normalized root mean square differenca@l5. Between BSH model results and those of
UKMO model, both limits are equal to 0.44 and 0.1&S&pectively.

The agreement is less satisfactory for salt fluXée correlation coefficient is several times sevathan
0.8. At some transects the variability in UKMO ritsis less than 60% of that observed in BSH result
The normalized root mean square difference idjraettransects, larger than or equal to 0.6. Ages¢m
between heat fluxes is in between that for volulueek and that for salt fluxes.

While maybe slightly outside the scope of todayrapenal oceanography, a comparison between monthly
and annual mean values for the volume fluxes ipgsed as well mainly because relatively similaugal
reported in the literature allow to check orden@agnitudes and some general features.

In the three models, the North Sea 2008 residuallation is as its long term mearg. with inflow of
Atlantic waters through the Channel and along s eoast of UK in the north, outflow along the 3&n
coast. From monthly mean values, it appears thairt January that this anticlockwise circulatitas been
the strongest. For Dover Strait, a net long terflow equal to 0.094 Sv has been derived from Hiara

and ADCP current measurements (Pramdlel, 1996). BSH estimate (0.09 Sv) fits nicely whil&JMM
estimate is 30% above and UKMO estimate is only $88éller. For the northern inflow, a long term mean



value as that found here (~0.4 Sv) is reportedhieromodel studies (Smitt al, 1996) but for a smaller
section.

Even if model to model variability remains largeséems smaller than that observed sometimes ipatste

The use of two tidal averaged values and the peesehsome gaps in the available time series do not
really allow checking long term balances betwedloirs and outflows in the area. The amount of water
“accumulated” by the three models in 2008, ~0.1e&®wivalent to an increase of nearly 8 meters ianme
sea level in a year), is however surprisingly higleould be of interest, in the future, to exchatigne
averaged values allowing this kind of verifications
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Appendix

Daily volume fluxes comparison MUMM/BSH, UKMO/BSH and UKMO/MUMM, resgtively. Volume
fluxes are expressed 8v (10 m’s?).

BSH MUMM MUMM-BSH
Fehle Fehler
r' Es ' Es
ist ist
nicht nicht
mogli mogli
ch, ch,
durch durch
die die
— Bearb | — Bearb .
# N o eitung | M 9o RMSD| eitung | E g
von von
Feldf Feldfu
unkti nktion
onen en
Objek Objek
te zu te zu
erstell erstell
en. en.
Sv Sv Sv Sv Sv - - - -
14 351 0.10 0.31 0.12 0.25 0.13 0.91 0.81 0.43 25
13 351 0.09 0.29 0.12 0.23 0.12 0.92 0.80 0.41 23
12 351 0.06 0.28 0.09 0.22 0.11 0.93 0.80 0.40 22
10 351 | -0.08 | 0.36 | -0.06 | 0.28 0.18 0.87 0.79 0.50 30
11 351 0.20 0.34 0.21 0.29 0.12 0.95 0.84 0.34 19
19 351 0.13 0.27 0.13 0.20 0.10 0.95 0.75 0.38 19
20 351 0.12 0.25 0.12 0.18 0.10 0.93 0.72 0.41 21
7 351 | -0.42 | 0.86 | -0.34 | 0.75 0.42 0.87 0.87 0.49 29
8 351 0.42 0.70 0.36 0.60 0.23 0.95 0.87 0.33 19

Mean 0.92 0.81 0.41
Min 0.87 0.72 0.33
Max 0.95 0.87 0.50

Table 3: results of the comparison between MUMMRTOS daily transports of water
through North Sea transect in 2008 and those of @%¥dl. The latter are taken as the
reference. Metrics provided are: mean and stand#ediation for both fields, root mean
square differenceRMSD) and correlation coefficient) between both fields, normalized
standard deviation k), normalized root mean square differen&)(and 9 (in degree)
the angle which cosine is equalrto

BSH UKMO UKMO-BSH




Fehle Fehler

r' Es ! Es
ist ist
nicht nicht
mogli mogli
ch, ch,
durch durch
die die
¢ Ino|o |BElG oo (muso|r | B0l |
von von
Feldf Feldfu
unkti nktion
onen en
Objek Objek
te zu te zu
erstell erstell
en. en.

Sv Sv Sv Sv Sv - - -
14 351 0.10 0.31 0.07 0.19 0.15 0.93 0.61 0.49 22
13 351 0.09 0.29 0.08 0.13 0.17 0.96 0.44 0.59 17
12 351 0.06 0.28 0.10 0.16 0.15 0.93 0.56 0.52 22
10 351 | -0.08 | 0.36 | -0.03 | 0.25 0.20 0.85 0.69 0.55 32
11 351 0.20 0.34 0.16 0.22 0.16 0.94 0.63 0.47 20
19 351 0.13 0.27 0.13 0.19 0.11 0.95 0.70 0.39 17
20 351 0.12 0.25 0.11 0.15 0.12 0.95 0.61 0.47 19
7 351 | -0.42 | 0.86 | -0.47 | 0.66 0.37 0.92 0.76 0.43 23
8 351 0.42 0.70 0.42 0.49 0.28 0.94 0.71 0.41 19

Mean 0.93 0.63 0.48
Min 0.85 0.44 0.39
Max 0.96 0.76 0.59

Table 4: as in Table 3 but now for the comparisetween UKMO shelf model results
(simulated field) and BSHcmod results (referenelelfi



MUMM UKMO UKMO-MUMM

Fehle Fehler
rr Es ! Es
ist ist
nicht nicht
mogli mogli
ch, ch,
durch durch
die die
¢ v |o |BElG oo (musor | Bl |
von von
Feldf Feldfu
unkti nktion
onen en
Objek Objek
te zu te zu
erstell erstell
en. en.

Sv Sv Sv Sv Sv - - -
14 351 0.12 0.25 0.07 0.19 0.11 0.91 0.75 0.45 25
13 351 0.12 0.23 0.08 0.13 0.12 0.94 0.56 0.51 19
12 351 0.09 0.22 0.10 0.16 0.10 0.92 0.70 0.45 23
10 351 -0.06 | 0.28 | -0.03 | 0.25 0.16 0.82 0.88 0.58 35
11 351 0.21 0.29 0.16 0.22 0.11 0.95 0.74 0.37 17
19 351 0.13 0.20 0.13 0.19 0.06 0.95 0.94 0.31 18
20 351 0.12 0.18 0.11 0.15 0.06 0.94 0.84 0.35 19
7 351 -0.34 | 0.75 | -0.47 | 0.66 0.44 0.81 0.88 0.59 36
8 351 0.36 0.60 0.42 0.49 0.21 0.95 0.82 0.34 18

Mean 0.91 0.79 0.44
Min 0.81 0.56 0.31
Max 0.95 0.94 0.59

Table 5: as in Table 3 but for the comparison betwd& KMO Shelf model resulsts
(simulated field) and MUMM OPTOS results (referefiekl).



Daily fluxes of salt comparison MUMM/BSH, UKMO/BSH and UKMO/MUMM, resgtively. These
fluxes are expressed 10° kgs™.

BSH MUMM MUMM-BSH

Fehle Fehler

r' Es ' Es

ist ist

nicht nicht

mogli mogli

ch, ch,

durch durch

die die

— Bearb | — Bearb .

# N 0o eitung | M 90 RMSD| 1 eitung | E J

von von

Feldf Feldfu

unkti nktion

onen en

Objek Objek

te zu te zu

erstell erstell

en. en.
14 351 3.22 | 12.39 | 4.36 8.92 8.67 0.71 0.72 0.70 44
13 351 2.87 | 10.26 | 4.32 8.30 4.47 0.91 0.81 0.44 25
12 351 2.75 | 10.39 | 3.19 7.84 5.37 0.86 0.75 0.52 30
10 351 | -4.13 | 12,97 | -2.27 | 10.04 | 7.48 0.82 0.77 0.58 35
11 351 703 | 11.74 | 7.22 | 10.19 | 4.17 0.94 0.87 0.35 20
19 351 4.15 9.14 4.49 7.00 3.82 0.92 0.77 0.42 23
20 351 4.05 8.32 4.13 6.15 3.45 0.93 0.74 0.41 22
7 351 | -12.1 | 31.81 | -12.0 | 26.90 | 17.66 | 0.83 0.85 0.56 34
8 351 | 14.66 | 23.71 | 12.70 | 21.27 | 7.71 0.95 0.90 0.33 19

Mean 0.87 0.80 0.48
Min 0.71 0.72 0.33
Max 0.95 0.90 0.70

Table 6: results of the comparison between MUMMRTOS daily transports of salt
through North Sea transect in 2008 and those of@%ddl. The latter are taken as the
reference. Metrics provided are: mean and stand#edation for both fields, root mean
square differenceRMSD) and correlation coefficier(r) between both fields, normalized
standard deviation ), normalized root mean square differen&)(and s (in degree)

the angle which cosine is equalrto

BSH UKMO UKMO-BSH




Fehle Fehler

r' Es ! Es
ist ist
nicht nicht
mogli mogli
ch, ch,
durch durch
die die
¢ Ino|o (Bl oo (muso|r | B0l |
von von
Feldf Feldfu
unkti nktion
onen en
Objek Objek
te zu te zu
erstell erstell
en. en.

14 351 322 1239 | 246 | 6.82 | 9.13 | 0.69 0.55 0.74 46
13 351 2.87 11026 | 292 | 467 | 6.02 | 0.95 0.46 0.59 19
12 351 275 11039 | 330 | 549 | 643 | 0.85 0.53 0.62 32
10 351 | -4.13 | 12.97 | -0.56 | 8.64 | 7.83 | 0.81 0.67 0.60 36
11 351 7.03 | 11.74 | 574 | 756 | 545 | 0.93 0.64 0.46 21
19 351 415 | 9.14 | 449 | 653 | 3.89 | 0.93 0.71 0.43 22
20 351 4.05 | 832 | 357 | 509 | 395 | 0.94 0.61 0.47 20
7 351 | -12.1 | 31.81 | -16.8 | 23.67 | 15.66 | 0.88 0.74 0.49 28
8 351 | 14.66 | 23.71 | 14.88 | 17.47 | 9.30 | 0.94 0.74 0.39 20

Mean 0.88 0.63 0.53
Min 0.69 0.46 0.39
Max 0.95 0.74 0.74

Table 7: as in Table 6 but now for the comparisetween BSHcmod results and those of
UKMO shelf.



MUMM UKMO UKMO-MUMM

EEhllzes Fehler
iét I Es ist
nicht hicht
mogli moglic
ch, h,
durch d_urch
die die
o Bearb | — Bearb
# N e) eitun M 0o RMSD| r eitung | E 5%
von 9 von
Feldfu
Er?llgr nktion
onen en.
Objek Objek
te zu
te zu
erstell erstell
en en.

14 351 4.36 8.92 2.46 6.82 4.05 0.90 0.77 0.45 26
13 351 4.32 8.30 2.92 4.67 4.19 0.94 0.56 0.50 19
12 351 3.19 7.84 3.30 5.49 3.52 0.92 0.70 0.45 23
10 351 | -2.27 | 10.04 | -0.56 | 8.64 5.75 0.82 0.86 0.57 35
11 351 7.22 | 10.19 | 5.74 7.56 3.73 0.95 0.74 0.37 17
19 351 4.49 7.00 4.49 6.53 2.17 0.95 0.93 0.31 18
20 351 4.13 6.15 3.57 5.09 2.16 0.94 0.83 0.35 19

7 351 | -12.1 | 26.90 | -16.8 | 23.67 | 15.76 | 0.81 0.88 0.59 36
8 351 | 12.70 | 21.27 | 14.88 | 17.47 | 71.22 0.95 0.82 0.34 18

Mean 0.91 0.79 0.44
Min 0.81 0.56 0.31
Max 0.95 0.93 0.59

Table 8: as in Table 6 but now for the comparisetween OPTOS results and UKMO
shelf model results.



Daily heat fluxes:comparison MUMM/BSH, UKMO/BSH and UKMO/MUMM, respideely. These
fluxes are expressed 10" W.

BSH MUMM MUMM-BSH
Eehllfs Fehler
iét I Es ist
nicht nicht
mogli moglic
h,
ch,
durch
durch .
. die
die
— Bearb | — B_earb .
# N (o) eitung M 0o RMSD | r eitung | E 1%
von von
Feldfu
Eﬁ:glf nktion
onen en
Objek Objek
te zu
te zu
erstell erstell

en.
en.

14 351 117 374 142 290 167 0.90 0.78 0.45 25
13 351 110 356 142 271 152 0.92 0.76 0.43 23
12 351 79 338 108 259 140 0.92 0.77 0.41 22
10 351 -104 433 -74 325 221 0.87 0.75 0.51 30
11 351 247 417 241 337 147 0.95 0.81 0.35 19
19 351 156 328 151 233 131 0.95 0.71 0.40 19
20 351 148 300 141 207 129 0.93 0.69 0.43 21

7 351 -506 | 1041 | -388 864 509 0.87 0.83 0.49 29
8 351 510 843 420 697 289 0.95 0.83 0.34 19

Mean 0.92 0.77 0.42
Min 0.87 0.69 0.34
Max 0.95 0.83 0.51

Table 9: results of the comparison between MUMMPRTOS daily transports of heat
through North Sea transect in 2008 and those of@%ddl. The latter are taken as the
reference. Metrics provided are: mean and standsedation for both fields, root mean
square differenceRMSD) and correlation coefficientr) between both fields, normalized
standard deviation), normalized root mean square differen&)(and 9 (in degree)

the angle which cosine is equalrto

BSH UKMO UKMO-BSH




Fehle

Fehler
I
iré,t Es | Es ist
nicht hicht
mogli moglic
ch, h,
durch d_urch
die die

o Bearb | — Bearb
# N e) eitun M 0o RMSD| r eitung | E 5%

von 9 von

Feldfu
Eﬁllglf nktion
onen en.
Objek Objek

te zu
te zu
erstell erstell
en en.

14 351 117 374 86 228 187 0.92 0.61 0.50

13 351 110 356 98 159 209 0.96 0.45 0.59

12 351 79 338 117 190 177 0.93 0.56 0.52

10 351 -104 433 -32 302 237 0.85 0.70 0.55

11 351 247 417 200 263 194 0.94 0.63 0.46

19 351 156 328 156 230 128 0.95 0.70 0.39

20 351 148 300 129 183 140 0.95 0.61 0.47

7 351 -506 | 1041 | -572 798 444 0.92 0.77 0.43

8 351 510 843 514 600 340 0.94 0.71 0.40

Mean 0.93 0.64 0.48
Min 0.85 0.45 0.39
Max 0.96 0.77 0.59

Table 10: as in Table 9 but now for the comparibetween BSHcmod results and
UKMO shelf model results.



MUMM UKMO UKMO-MUMM

Eehllfs Fehler
iét I Es ist
nicht nicht
mogli moglic
ch, h,
durch d_urch
die die
. Bearb | — Bearb
# N e) eitun M Og RMSD| r eitung | E 9
von 9 von
Feldfu
Eﬁ:glf nktion
onen en.
Objek Objek
te zu
te zu
erstell erstell
en en.

14 351 142 290 86 228 127 0.91 0.79 0.44 25
13 351 142 271 98 159 132 0.94 0.59 0.49 19
12 351 108 259 117 190 111 0.92 0.73 0.43 23
10 351 -74 325 -32 302 190 0.82 0.93 0.59 35
11 351 241 337 200 263 116 0.95 0.78 0.35 17
19 351 151 233 156 230 72 0.95 0.99 0.31 18
20 351 141 207 129 183 70 0.94 0.88 0.34 19

7 351 -388 864 -572 798 512 0.81 0.92 0.59 36
8 351 420 697 514 600 227 0.95 0.86 0.33 18

Mean 0.91 0.83 0.43
Min 0.81 0.59 0.31
Max 0.95 0.99 0.59

Table 11: as in Table 9 but now for the comparibetween OPTOS results and UKMO
shelf model results.



