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1. Introduction

The previous step resulted in harmonised, aggregated and validated data collections for specifi
parameters, which were considered as first line data products. The next step was aimed at using the:
validated ata collections as input for preparing spatially interpolated concentration basin maps, with
DIVA (Datdnterpolating Variational Analysis) software.

EMODnet Chemistry Regional climatolodiase been produced for the parameters listed in Tal, 4t
sea®nal scale and for periods of 6 years, usingavimg 6yearwindow. The seasondefinitions used
aredefined specifically for each basiyear periods span from 19808 until 2013-2018. Depth range
(IODE standard depthsB00.0,-250.0,-200.0,-150.0 -125.0,-100.0,-75.0,-50.0,-40.0,-30.0,-20.0, -
10.0,-5.0,-0.0. Data Sources: observational data from SeaDataNet/EMODnet Chemistry Data Networl
EMODnet Chemistry Regional climatologiesve been produced usin@IVA (Datdnterpolating
VariationalAnalysis)software which allowgo spatially interpolatesparse and irregularly distributed
observations on a regular grid in an optimal wiVA allows also tbompute error maps for the gridded
fields which reflect the accuracy of the observations ahdirt distribution and allow to asses the
reliability of the gridded fields

To produce horizontal mapsygfiles were interpolated at standard depths using weighted parabolic
interpolation algorithm (Reiniger and Ross, 198EBCO 1min topography is used for the contouring
preparation.EMODnet Chemistry Regional climatologges provided asnasked using relative error
threshold 0.3 and 0.5. DIVA settings: sigioahoise ratio and correlation length were estimated using
datamean distance as a minimum (for L) and vertically filtered.

Table 1.1: List of variables used to prodi&dODnet Chemistry Regional climatologied related
measurement units.

Variable Units

Ammonium umol/l

Dissolved inorganic nitrogen (DIN| umol/l

Phosphate umol/I
Silicate umol/I
Chlorophylt a mg/m?
Dissolved oxygen umol/I
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For each of the following sea basins: Arctic region, Atlantic Sea, Baltic Sea, Black Sea, Mediterranear
Sea and North Sea, seasonal climatological maps builyaarSrunning averages are availal{leig. 1)
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Figuire 1.1: EMODnet Chemistry Regional climatologies
For each Regional climatology, following WMS layers are avajfiblé.2):

x  Water bodygridded mapof the parameters listed in Tab. masked using relativerror
threshold 0.5
x Interpolated observations: station positions used to build Water bodygridded map

Additional fields:

Water bodygridded map

Error standard deviation of the gridded map

Water bodygridded map masked using relative error threshold 0.3

Relative error of gridded map

Logarithm10 of number of data in bins

Logarithm10 of number of dliers data in bins

Correlation length field

Deepest value olvater bodygridded map

Deepest value oivater bodygridded map masked using relative error threkh6.3
Deepest value olvater bodygridded map masked using relative error threshold 0.5

X X X X X X X X X X
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EMODNET CHEMISTRY - MAP SERVER

W Arctic region

v Autumn (September-November) - 6-years running
averages

W Water body chlorophyll-a

Water body chlorophyll-a masked using relative
* error threshold 0.5

| Interpolated observations
WV Additional fields
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Error standard deviation of Water body
" chlorophyll-a

Water body chlorophyll-a masked using relative
" error threshold 0.3

[ Relative error of Water body chlorophyll-a

| Logarithm10 of number of data in bins

[ Logarithm10 of number of outliers data in bins
[ Correlation length field

[ Deepest values of Water body chlorophyll-a

N Deepest values of Water body chlorophyll-a
" masked using relative error threshold 0.3

N Deepest values of Water body chlorophyll-a
" masked using relative error threshold 0.5

Figurel.2: WMS layers available for Regional climatologies.

Basin specific details on DIVA map production are listede sectiondelow.

2. Mediterranean Sea

2.1 General Settings

The Mediterranean climatology is defined betwe2800 W-36.375°E of longitude and 30.0d6.875°N
of latitude. The horizontal resolution is 0.125°. SeasddA maps were produced ory&arsrunning
averages (stamg year depending on ata availability) Seasons definition favlediterraneanSea are:
Winter anuaryg March), Spring April ¢ Jung, Summer July¢ Septembe)y and Autumn(October¢
Decembe). DIVA maps were produced for the IODE standards depth ledefgending on data
availability for every parameter
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DIVA 4.7.2 settings and driver file input specifications., considered for both analysis and reference fie
computation, are listed in Tab1. Default value for the correlation length is fixed to 2° in the param
file, however the correlation lengths were optimized as follows: for each parameter and for the whole
period of analysis, four seasonal vertically filtered profiles were computed which were averaged to :
mean vertical profile. This mean vertical profile was uak@t the 6years analysis. The signal to noise
ratio have been set to 1 for all computations.

Analysis has been made using the mean field as background (ireg=1 in param file) and
logarith/exponential transformation (analysis = 11 in driver file) itheorto avoid negative values in the
concentration fields. No detrending of data and no advection constraints were used. Only observation

GAOK | ljdz- t AGe F€I1 3 Sldzrfa 42 MZI HE FYR ¢ KI @

Table2.1 ¢ DIVA confiuration used for the Mediterranean products.

Param file Driver file

Lc: correlation length| 2.0 (default value) Data extraction 1

icoordchange 1 Boundary lines and 1
coastline generation

ispec 113 Cleaning data on meslh 1

ireg 1 Minimal number of -1
datain a layer

Xori -7.0 Parameters extimation| -30
and vertical filtering

yori 30.0 Minimal L 0.1

dx 0.125 Maximal L 10

dy 0.125 Mininal SN 0.1

nx 348 Maximal SN 5.0

ny 128 Analysis and referencg 11
field

valex -9999.9 Lower level generation 1

snr 1.0 Upper level generation 33

varbak 1.0 4D netcdf file 11
generation
Gnuplots 0
Data detrending 0

2.2 Results

For data description and numbers, please refer to the Aggregated datasets documentation and/or to
Sextant Descriptions.
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All maps produced for Mediterranean Sea are detaile@able 3.22.2. The number of depth levels as
well as the temporal extent vary between the parameters. The choiceeofi¢éepest layers was based

on a minimum number of data in a layer (from 5 to 10 values) in combination with a minimum number
of 6-year periods having that minimum number of data in the layer.

Table2.2 - Availability of DIVA maps for the Mediterraneara$er each parameter and as a function
of season and depth.

Parameter Availability
Depths Winter Spring Summer | Autumn
season season season season
Water body 27 levels from surface to from 19722017
dissolved oxygen 2000 m deep
Water body 25levels from surface to from 19682016
phosphate 1500 m deep
Water body 25 levels from surface to from 19652016
silicate 1500 m deep
Water body 21 levels from surface to from 19962016
dissolved 1100 m deep
inorganic nitrogen
(DIN)
Water body 20levels from surface to from 19962017
chlorophylta 1000 m
2.3 Validation

The 6years DIVA maps were evaluated only by direct comparisons of the maps with the observation
used for their preparation because of lack of a similar product for the Mediterranean of the same
temporal resolution (6/ears). Some additional visual checks were performed between the DIVA maps
and the World Ocean Atlas 2013. Although the two products have different spatial and temporal
resolution, the comaprison was done for evaluation of the genenalacteristics and features a=in the
region. More specific there were compare they@ars DIVA maps for oxygen, phosphate and silicate
with the seasonal World Ocean Atlas 2013 climatology of°x1°1 resolution
(https://www.nodc.noaa.qov/OC5/SELECT/woaselect/woaselect)atrAls the Mediterranean DIVA
productis of higher spatila resolution , it reveals in more details the general features of the seasone
distribution of the parametrs.
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3. Black Sea

3.1 General Settings

¢KS . ft1 01 {SIs GKS 62NI RQ& f | NBEBGmM) cdnyeétds xoQhe 6 |
MediterraneanSeaby the narrow Bosporus Strait, Marmara Sea, and Dardandlles.only source of
salty water is from théMediterranean through the Bosporus Strait via the Sea of Marmara. As a result,
there is a strong salinitgriven density gradient and a permanent halocline which limits vertical supply
from the deep. This has resulted in permanent anoxia in waters bekHv 200 m over most of the
basin (Oguet al., 2008).

DIVA analysis dmain definition

The MSFD Black Sg¢@main with boundariedON¢ 48N, 26.5E¢ 42EincludesBlack Sea anithie adjacent
Sea of Azov at the NEonnected to the Black sea via Kerch sjraitd Marmara Sea &W (connected
to the Black sea viBosporusstrait) (Figure3.1).

-

> A&. Marmara Sea

Figure3.1 The Black Sea MSFD domain

Time-space resolution

Seasonal DIVA maps were produced eyeéirsrunning averages (startg year depending on data
availability).Seasonslefinition for Black Seeegion are Winter (Decemberg February, Spring(March

¢ May), Summer(Juneg Augus) and Autumn(Septemberg Novembe). Considering the data coverage
presented in Black SeBIVA maps were produced for the IODE standards depth lelegending on
data availability for every parametefhe horizontal resolution of the produced DIVA maps grids is 0.05
degrees.
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DIVA (version 4.7.1) settingsand driver file inputspecifications., considered for both analysis and
reference field computation, are listed in Table.3.1

Due to thehigh variability of data coverage in tin@d spacecorrelation length and signab-noise
ratio parameters are estimatepper each seasqmach 6years periocand each vertical levielising data
mean distance as a minimum (for L), and both parameters are vertically filjeaeadmeters estimation
and vertical filtering =30 in driver file) Analysis has been made using seasonal (per eachyears
period) mean field as background (ireg=1 in param file) and a logarith/exponeméiaformation
(analysis = 11 in driver file) in order to avoid negative values in the concentration fields.

No detrending of data, no reference field andambvection constraints were usedlccepted quality flags:
1,2, 56,8 (SeaDataNet schentdtp://seadatanet.maris2.nl/v_bodc_vocab v2/search.asp?lib3L20

Table3. 1 ¢ DIVA configuration used for tH&lack seg@roducts

Param file Driver file

Lc: correlation length | 1.5 Data extraction 1

icoordchange 2 Boundary lines and coastline generation | 1

ispec 113 Cleaning data on mesh 4

ireg 1 Minimal number ofdata in a layer 10

XOri 2.5 Parameters giimation and vertical filtering | -30

yori 40 Minimal L 0.2

dx 0.05 Maximal L 10

dy 0.05 Mininal SN 0.1

nx 360 Maximal SN 5.0

ny 160 Analysis and reference field 11

valex -99 Lower levehumber 1

snr 0.5 Upper levehumber Depending on

parameter

varbak 1.0 4D netcdf file generation 11
Gnuplots 0
Data detrending 0

3.2 Results

The Black Sea seasomal 6-years running averages DIVA mapsre produced from the aggregated
EutrophicationBlack Sea Dataset containing894 CDIs ¢f which 8278 are restricted)s vertical
profiles. The dataset (Quality control appliediata availability, etc) is described EMODet Chemistry
Eutrophication and Ocean Acidification aggregated datasets vZlHé@unrestricted dataset is available
for downloading atBlack SeaEutrophication and Oceahcidification aggregated datasets 1935/2016
v2018
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The seasongbroducedDIVA maps, thé&-years periodsas well as theaumber of vertical levelsre
summarizedn Table 3.2.The starting year for analyses is depending on data availabilitgigsolved
oxygen, phosphate and silicattee first 6-year period being 19720975 while for chlorophylta and DIN
the analyses started with 1990995. The number of depth level also depend on data availamnitlyfor
the Black Sea there too few data bel@@0-250 m deph for the DIVA analys&ame examplesf DIVA

mapsare illustrated in Figure 3.

Table 3.2; Availability of DIVA maps for the Black Sea Region

Water body dissolvedxygen

0,510,X3 mp

19701975, 19711976, ....., 2012016

Availability
Parameter |ODEDepth Winter | Spring| Summer| Autumn
levels
13levels

Water body dissolved inorganic 9 levels, 19901995, 19911996, .... 2012016
nitrogen (DIN) nx pz M~
12 levels,
Water body phosphate 19701975,1971-1976, ....., 201016
nz pxz ™Mn
Water body silicate 12 levels, 19701975, 19711976, ....., 2012016
nz pxz ™Mn
Water body chlorophyia 7 levels, 19901995, 19911996, ....., 2012016
y P nE pEsomn ! R
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CONTACT ~ ABOUT  HEL Figure 32. Examples of
water body dissaived oygen concemeration D[V A masked using relative error

masked using relative error threshold 0.5

— threshold 0.5maps:
dopth: maters a) Water body dissolved oxygen
e summer, 198994, 75 m depth

summer, 1989-1994

b) Water body chlorophyé, spring,
20032008, 0 m depth
c) Water body phosphatewinter,
19972002, 0 m depth
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Water body chlorophyll-a masked using relative
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-_;_T_-
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depth: [meters]
-0.0
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Water body phosphate masked using relative
error threshold 0.5

03 06 09

depth: [meters]
0.0
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winter, 1997-2002
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Black Sea DIVA products validation

Due to the specificity of eutrophication DIVA products, BEMODneseasonal §/earrunning averages
climatologies can not be directly compared with other climatologies like World Ocear(\W{2&) Even
more, the spatid resolution of WOA products for nutrients (oxygen, pbloste an silicate) i4°, a
resolution too lowto reveal the characteristics of nutrients distribution over the entire Black Sea basin
and specially around the coastal areas.
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BlackSeahighresolution eutrophication DIVA products

The Black Sea supplied by a number of major rivers, such as the Danube, Dnieper, Southern Bug
Dniester, Don, and Rioffrigure 3.3)The Danube River is the major source of fresh water in the Black

Sea Basin.dtdischarge is estimated at ~200¥year (6000 n¥/s). The Danube waters are an important
source of nutrientsprovidingapproximately 209500 kt/year of dissolved inorganinitrogen, ~1§30
kt/year of phosphates~20@®400 kt/year of silicategKubryako\et al., 20B)

UKrain

% @W |,
\rﬁ&,;z:oi

4
6 °E 28°E 30°E 2°E

-

Figure 3.Prainageand schematiovater circulationof the Black Sea

The region in front of Danube Delta montfidack circleand excerptin Figure 3.3was choserfor
analyses with DIVANd to produb&h resolutiormapsfor water body phosphate, DIN and silicate.

High resolution maps were produced for the domain-3tBE,43.7-46.25N using Gebco 30sec
bathymetry, for the depths from 2.5 to 2.5 m from 0 up to 60. iy horizontal correlation lengthof
60 km anda verticalcorrelation length of 10n were applied.The horizontal resolution of the produced
DIVAd maps grids is 05 degreesThe 6year runningaveragesnaps were produced for all seasons,
starting with 1990.

Example of DIVAnd maps are shawrrigure3.4.

10
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Figure 3.4 Highesolution DIVAnd maps, 20&®11, summer, 12.5 m depth. The observational data
are shown in the upper panel
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