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1. Introduction 

The previous step resulted in harmonised, aggregated and validated data collections for specific 

parameters, which were considered as first line data products. The next step was aimed at using these 

validated data collections as input for preparing spatially interpolated concentration basin maps, with 

DIVA (Data-Interpolating Variational Analysis) software. 

EMODnet Chemistry Regional climatologies have been produced for the parameters listed in Tab. 1.1, at 

seasonal scale and for periods of 6 years, using a moving 6-year window. The season definitions used 

are defined specifically for each basin. 6-year periods span from 1980-1985 until 2013-2018. Depth range 

(IODE standard depths): -300.0, -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 Network. 

EMODnet Chemistry Regional climatologies have been produced using DIVA (Data-Interpolating 

Variational Analysis) software which allows to spatially interpolate sparse and irregularly distributed 

observations on a regular grid in an optimal way. DIVA allows also to compute error maps for the gridded 

fields which reflect the accuracy of the observations and their distribution and allow to assess the 

reliability of the gridded fields.  

To produce horizontal maps, profiles were interpolated at standard depths using weighted parabolic 

interpolation algorithm (Reiniger and Ross, 1968). GEBCO 1min topography is used for the contouring 

preparation. EMODnet Chemistry Regional climatologies are provided as masked using relative error 

threshold 0.3 and 0.5. DIVA settings: signal-to-noise ratio and correlation length were estimated using 

data mean distance as a minimum (for L) and vertically filtered.  

Table 1.1: List of variables used to produce EMODnet Chemistry Regional climatologies and related 

measurement units. 

Variable Units 

Ammonium umol/l 

Dissolved inorganic nitrogen (DIN) umol/l 

Phosphate umol/l 

Silicate umol/l 

Chlorophyll - a mg/m3 

Dissolved oxygen umol/l 

 



   

EMODnet Thematic Lot n° 4/SI2.749773 

 

EMODnet Chemistry maps produced with Data-Interpolating Variational 

Analysis (DIVA) 

 
 

2 

 

For each of the following sea basins: Arctic region, Atlantic Sea, Baltic Sea, Black Sea, Mediterranean 

Sea and North Sea, seasonal climatological maps built as 6-years running averages are available (Fig. 1). 

 

Figure 1.1: EMODnet Chemistry Regional climatologies. 

For each Regional climatology, following WMS layers are available (Fig. 1.2): 

× Water body gridded map of the parameters listed in Tab. 1, masked using relative error 
threshold 0.5 

× Interpolated observations: station positions used to build the Water body gridded map 

Additional fields: 

× Water body gridded map 
× Error standard deviation of the gridded map 
× Water body gridded map masked using relative error threshold 0.3 
× Relative error of gridded map 
× Logarithm10 of number of data in bins 
× Logarithm10 of number of outliers data in bins 
× Correlation length field 
× Deepest value of water body gridded map 
× Deepest value of water body gridded map masked using relative error threshold 0.3 
× Deepest value of water body gridded map masked using relative error threshold 0.5 
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Figure 1.2: WMS layers available for Regional climatologies. 

Basin specific details on DIVA map production are listed in the sections below. 

 

2. Mediterranean Sea  

2.1 General Settings 

The Mediterranean climatology is defined between 7.000 W-36.375°E of longitude and 30.000-45.875°N 

of latitude. The horizontal resolution is 0.125°. Seasonal DIVA maps were produced on 6-years running 

averages (starting year depending on data availability). Seasons definition for Mediterranean Sea are: 

Winter (January ς March), Spring (April ς June), Summer (July ς September) and Autumn (October ς 

December). DIVA maps were produced for the IODE standards depth levels, depending 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 field 

computation, are listed in Table 2.1. 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 a 

mean vertical profile. This mean vertical profile was used all at the 6-years 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 a 

logarith/exponential transformation (analysis = 11 in driver file) in order to avoid negative values in the 

concentration fields. No detrending of data and no advection constraints were used. Only observations 

ǿƛǘƘ ŀ ǉǳŀƭƛǘȅ ŦƭŀƎ Ŝǉǳŀƭǎ ǘƻ мΣ нΣ ŀƴŘ с ƘŀǾŜ ōŜŜƴ ǊŜǘŀƛƴŜŘ ŦƻǊ ǘƘŜ ƳŀǇǎΩ ƎŜƴŜǊŀǘƛƻƴ ǿƛǘƘ 5L±! 

Table 2.1 ς DIVA configuration used for the Mediterranean products.  

Param file Driver file 

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

icoordchange 1 Boundary lines and 
coastline generation 

1 

ispec 113 Cleaning data on mesh 1 

ireg 1 Minimal number of 
data in a layer 

-1 

xori -7.0 Parameters extimation 
and vertical filtering 

-30 

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 reference 
field 

11 

valex -9999.9 Lower level generation 1 

snr 1.0 Upper level generation 33 

varbak 1.0 4D netcdf file 
generation 

11 

 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 detailed in Table 3.2 2.2. The number of depth levels as 

well as the temporal  extent vary between the parameters. The choice of the deepest 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.  

 

Table 2.2 - Availability of DIVA maps for the Mediterranean Sea for each parameter and as a function 

of season and depth.  

Parameter Availability 

Depths Winter 
season 

Spring 
season 

Summer 
season 

Autumn 
season 

Water body 
dissolved oxygen 

27 levels from surface to 
2000 m deep 

from 1971-2017 

Water body 
phosphate 

25 levels from surface to 
1500 m deep 

from 1968-2016 

Water body 
silicate 

25 levels from surface to 
1500 m deep 

from 1965-2016 

Water body 
dissolved 
inorganic nitrogen 
(DIN) 

21 levels from surface to 
1100 m deep 

from 1990-2016 

Water body 
chlorophyll-a 

20 levels from surface to 
1000 m 

from 1990-2017 

 

2.3 Validation  

The 6-years DIVA maps were evaluated only by direct comparisons of the maps with the observations 

used for their preparation because of lack of a similar product for the Mediterranean of the same 

temporal resolution (6-years). 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 general characteristics and features a=in the 

region. More specific there were compare the 6-years DIVA maps for oxygen, phosphate and  silicate 

with the seasonal World Ocean Atlas 2013 climatology of 1ox1o resolution 

(https://www.nodc.noaa.gov/OC5/SELECT/woaselect/woaselect.html). As the Mediterranean DIVA 

productis of higher spatila  resolution , it reveals in more details the general features of the seasonal 

distribution of the parameters.  

 

https://www.nodc.noaa.gov/OC5/SELECT/woaselect/woaselect.html
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3. Black Sea  

3.1 General Settings 

¢ƘŜ .ƭŀŎƪ {ŜŀΣ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ŀƴƻȄƛŎ ōŀǎƛƴΣ ƛǎ ŀ ŘŜŜǇ ƻŎŜŀƴ ōŀǎƛƴ ό~2000 m) connected to the 

Mediterranean Sea by the narrow Bosporus Strait, Marmara Sea, and Dardanelles. The only source of 

salty water is from the Mediterranean through the Bosporus Strait via the Sea of Marmara. As a result, 

there is a strong salinity-driven density gradient and a permanent halocline which limits vertical supply 

from the deep.  This has resulted in permanent anoxia in waters below 125 ς 200 m over most of the 

basin (Oguz et al., 2008). 

DIVA analysis domain definition 
 

The MSFD Black Sea domain with boundaries 40N ς 48N, 26.5E ς 42E includes Black Sea and the adjacent 

Sea of Azov at the NE (connected to the Black sea via Kerch strait) and Marmara Sea at SW (connected 

to the Black sea via Bosporus strait) (Figure 3.1). 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1. The Black Sea MSFD domain  
 

Time-space resolution  
 

Seasonal DIVA maps were produced on 6-years running averages (starting year depending on data 

availability). Seasons definition for Black Sea region are:  Winter (December ς February), Spring (March 

ς May), Summer (June ς August) and Autumn (September ς November). Considering the data coverage 

presented in Black Sea, DIVA maps were produced for the IODE standards depth levels, depending on 

data availability for every parameter. The horizontal resolution of the produced DIVA maps grids is 0.05 

degrees. 
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DIVA (version 4.7.1) settings and driver file input specifications., considered for both analysis and 

reference field computation, are listed in Table 3.1. 

Due to the high variability of data coverage in time and space, correlation length and signal-to-noise 

ratio parameters are estimated (per each season, each 6-years period and each vertical level) using data 

mean distance as a minimum (for L), and both parameters are vertically filtered (parameters estimation 

and vertical filtering = -30 in driver file). Analysis has been made using the seasonal (per each 6-years 

period) mean field as background (ireg=1 in param file) and a logarith/exponential transformation 

(analysis = 11 in driver file) in order to avoid negative values in the concentration fields.  

No detrending of data, no reference field and no advection constraints were used. Accepted quality flags: 

1 ,2, 5, 6, 8 (SeaDataNet scheme http://seadatanet.maris2.nl/v_bodc_vocab_v2/search.asp?lib=L20). 

 
 
Table 3. 1 ς DIVA configuration used for the Black sea products 

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 of data in a layer 10 
xori 2.5 Parameters estimation 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 level number 1 
snr 0.5 Upper level number Depending on 

parameter 
varbak 1.0 4D netcdf file generation 11 

 Gnuplots 0 

Data detrending 0 

3.2 Results 

The Black Sea seasonal on 6-years running averages DIVA maps were produced from the aggregated 

Eutrophication Black Sea Dataset containing 54894 CDIs (of which 8278 are restricted) as vertical 

profiles.  The dataset (Quality control applied, data availability, etc) is described in  EMODnet Chemistry 

Eutrophication and Ocean Acidification aggregated datasets v2018. The unrestricted dataset is available 

for downloading at: Black Sea - Eutrophication and Ocean Acidification aggregated datasets 1935/2016 

v2018  

http://seadatanet.maris2.nl/v_bodc_vocab_v2/search.asp?lib=L20
https://doi.org/10.6092/ec8207ef-ed81-4ee5-bf48-e26ff16bf02e
https://doi.org/10.6092/ec8207ef-ed81-4ee5-bf48-e26ff16bf02e
https://doi.org/10.6092/80466A9D-1B90-4CA8-A95F-AC78723CE10A
https://doi.org/10.6092/80466A9D-1B90-4CA8-A95F-AC78723CE10A
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The seasonal produced DIVA maps, the 6-years periods, as well as the number of vertical levels are 

summarized in Table 3.2.  The starting year for analyses is depending on data availability, for dissolved 

oxygen, phosphate and silicate the first 6-year period being 1970-1975 while for  chlorophyll-a and DIN 

the analyses started with 1990-1995. The number of depth level also depend on data availabilty and for 

the Black Sea there too few data below 200-250 m deph for the DIVA analyses. Some examples of DIVA 

maps are illustrated in Figure 3.2. 

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

Parameter 
Availability 

IODE Depth 
levels 

Winter  Spring Summer  Autumn 

Water body dissolved oxygen 
13 levels,  

0, 5, 10, ΧΣ нрл m 
1970-1975, 1971-1976, ....., 2011-2016 

Water body dissolved inorganic 
nitrogen (DIN) 

9 levels, 
лΣ рΣ млΣ Χ млл Ƴ 

1990-1995, 1991-1996, ..., 2011-2016 

Water body phosphate 
12 levels,  

лΣ рΣ млΣ ΧΣ нлл Ƴ 
1970-1975, 1971-1976, ....., 2011-2016 

Water body silicate 
12 levels,  

лΣ рΣ млΣ ΧΣ нлл Ƴ 
1970-1975, 1971-1976, ....., 2011-2016 

Water body chlorophyll-a 
7 levels,  

лΣ рΣ млΣ ΧΣ 50 m 
1990-1995, 1991-1996, ....., 2011-2016 

 



   

EMODnet Thematic Lot n° 4/SI2.749773 

 

EMODnet Chemistry maps produced with Data-Interpolating Variational 

Analysis (DIVA) 

 
 

9 

 

Figure 3.2. Examples of              

DIVA masked using relative error 

threshold 0.5 maps: 

a) Water body dissolved oxygen, 

summer, 1989-994, 75 m depth 

b) Water body chlorophyll-a, spring, 

2003-2008, 0 m depth 

c) Water body phosphate, winter, 

1997-2002, 0 m depth 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Black Sea DIVA products validation 

 

Due to the specificity of eutrophication DIVA products, the EMODnet seasonal 6-year running averages 

climatologies can not be directly compared with other climatologies like World Ocean Atlas (WOA). Even 

more, the spatial resolution of WOA products for nutrients (oxygen, phosphate an silicate) is 1°, a 

resolution too low to reveal the characteristics of nutrients distribution over the entire Black Sea basin 

and specially around the coastal areas.  

 

 

 

  

a) 

b) 

c) 
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Black Sea high resolution eutrophication DIVA products 

 

The Black Sea is supplied by a number of major rivers, such as the Danube, Dnieper, Southern Bug, 

Dniester, Don, and Rioni (Figure 3.3). The Danube River is the major source of fresh water in the Black 

Sea Basin. Its discharge is estimated at ~200 km3/year (6000 m3/s). The Danube waters are an important 

source of nutrients, providing approximately 200ς500 kt/year of dissolved inorganic, nitrogen, ~15ς30 

kt/year of phosphates, ~200ς400 kt/year of silicates (Kubryakov et al., 2018)  
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 Drainage and schematic water circulation of the Black Sea 

 

The region in front of Danube Delta months (black circle and excerpt in Figure 3.3) was chosen for 

analyses with DIVAnd to produce high resolution maps for water body phosphate, DIN and silicate.  

High resolution maps were produced for the domain 28-30°E, 43.7-46.25°N using Gebco 30sec 

bathymetry, for the depths from 2.5 to 2.5 m from 0 up to 60 m. A horizontal correlation length of               

60 km and a vertical correlation length of 10 m were applied. The horizontal resolution of the produced 

DIVAnd maps grids is 0.005 degrees. The 6-year running averages maps were produced for all seasons, 

starting with 1990. 

Example of DIVAnd maps are shown in Figure 3.4. 
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Figure 3.4 High resolution DIVAnd maps, 2006-2011, summer, 12.5 m depth. The observational data 
are shown in the upper panel. 
 
 
 

  


































