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Abstract 

The SDC_GLO_CLIM_Dens product contains global monthly climatological estimates of in situ 

density using Temperature and Salinity from profiling floats contained in the World Ocean 

Data 18 (WOD18) database. The profiles were first quality controlled with a Nonlinear Quality 

control procedure developed by Shahzadi (2020). The climatology considers observations 

from 0 to 2000 m for the time period 2003-2017. Density profiles were computed using 

UNESCO 1983 (EOS 80) equation from in situ temperature, salinity and pressure 

measurements by the profiling floats (PFL). Only profiles with both T, S values were used. 

The gridded fields are computed using DIVAnd (Data Interpolating Variational Analysis) 

version 2.3.1.  
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1. General description of the input data sets 

The input database used for this climatology is the WOD 2018 [1]. The climatology 
(SDC_GLO_CLIM_Dens) is estimated using profiles of temperature, salinity and pressure from 

Profiling Floats (PFL) for the period 2003 to 2017.  a). 
Total number of Stations with 

both T & S  

Total number of vertical 

measurements with both 

T & S 

688,186 196,536,424 

 Table 1 (a & b) summarizes the total number of stations and measurements used for 

climatology. 

 a). 

Total number of Stations with 

both T & S  

Total number of vertical 

measurements with both 

T & S 

688,186 196,536,424 

b). 

Table 1 Statistics of the data used for the product. 

Only profiles where both temperature, salinity values are available were considered in Table 

1(b) after the application of NQC on Temperature and salinity separately given in Table 1(a). 

we see that the profiles are reduced to ~1/2 of the total number due to the fact that the 

additional Quality Control (NQC) procedure performed separately on Temperature and 

Salinity data. This problem can be overcome in the future by selecting profiles where both 

temperature and salinity together before application of Quality Control. 

In next sections, a general description about the PFL dataset is briefly given. 

1.1. Profiling Floats 

The PFL dataset is a collection of data from different PFL platforms: Profiling Autonomous 

Langrangian Circulation Explorer (PACE), PROVOR (free drifting hydrographic profiler), SOLO 

(Sounding Oceanographic Langrangian Observer) and APEX (Autonomous Profiling Explorer) 

Total number of 

stations for 

Temperature (T) 

Total  

number of vertical 

measurements for T 

Total number of 

stations for 

Salinity (S) 

Total number of 

vertical  

measurements  

for S 

1,652,136 380,970,230 1,564,877 343,619337 
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[1]. The PFL dataset presents well distributed observations over the global ocean; the number 

of casts from PFL used in this product is equal to 688,186 while the total number of 

observations in WOD18 is 196,536,424, for temperature and salinity together respectively. 
The annual distribution of data in WOD18 from QC and NQC subsets presented in  Figure 

1(a) demonstrates a gradual increase of data from 2003 to 2017 with WOD18 QC and NQC. 

Month and depth wise distribution of data in Figure 1 (b) shows nonuniform distribution of 

data for each depth layer that decreases for deeper layer (see correspondence between 

layer number and depth in Table 3 in next section).  

 

 

 

 

 

 

 

 

a).  

 

 

 

 

 

 

b). 

 

Figure 1 Total observations year wise (a) and depth and month wise (b) 

1.2. Data Quality Control 

Quality Control (QC) is an essential step to exclude anomalous data before doing the analysis. 

In this product, the WOD quality flags (QF) have been considered. There are three types of 

QFs in the WOD: 

 

1-Orginator Flag (Oflag) 

2-World Ocean Database observed value flag (WODf) 

3-World Ocean Database profile flag (WODpf)  

 

Only the observations with WODf with value “0” (Accepted) and WODpf with value “0” 

(Accepted) have been used as input for the DIVAnd analysis. 

An additional quality control NQC developed by Shahzadi (2020) [6] has been implemented 

on temperature and salinity separately with the following assumptions: 

1- The domain is divided into 5x5 degree boxes, where mean and standard deviations 

(std) are computed for each layer for each month. 
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2- Data is excluded from further analysis outside 2 std in each box and procedure is 

repeated. 

Number of observations before and after the application of NQC are shown in Figure 2. The 

application of NQC has identified the outliers and non-representative data which are not 

suitable to estimate the large-scale climatology. The data elimination is approximately under 

15% for all months.  

a) b)  

Figure 2 Number of observations before and after NQC a) January and b) August 

2. Methodology 

2.1. Density Computation 

Density profiles were computed using the python library Seawater and function “dens”, which 

uses UNESCO 1983 (EOS 80) polynomial [4] as given in Equation 1. The reason to use EOS 80 

despite of having updated version (TEOS 10) is not to have any transformation on data. TEOS-

10 uses absolute salinity as opposed to practical salinity while the in-situ observations used 

for this product are given in Practical Salinity Units (PSU). 

The input argument required to compute density are salinity, temperature and pressure: 

𝝆(𝑺, 𝑻, 𝑷) = 𝝆(𝑺, 𝑻, 𝟎)/[𝟏 −
𝑷

𝑲(𝑺,𝑻,𝑷)
 ]         Equation 1 

 

Where K(S,T,P) is the secant bulk modulus and P is pressure . 

 

𝐾 = 𝐾0 + 𝐴𝑃 + 𝐵𝑃2, 

𝐾0 = 𝐾𝑊 + (𝑓0 + 𝑓1𝑇 + 𝑓2𝑇2 + 𝑓3𝑇3 + 𝑔0√𝑆 + 𝑔1𝑇√𝑆 + 𝑇2√𝑆 )𝑠, 

𝐾𝑊 = 𝑒0 + 𝑒1𝑇 + 𝑒2𝑇2 + 𝑒3𝑇3 + 𝑒4𝑇4, 
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𝐵 = 𝐵𝑊 + 𝑚0𝑆 + 𝑚1𝑇𝑆 + 𝑚2𝑇2𝑆, 

𝐴 = 𝐴𝑊 + (𝑖0 + 𝑖1𝑇 + 𝑖2𝑇2 + 𝑗0√𝑆)𝑆, 

𝐵𝑊 = 𝑘0 + 𝑘1𝑇 + 𝑘2𝑇2, 

𝐴𝑊 = ℎ0 + ℎ1𝑇 + ℎ2𝑇2 + ℎ3𝑇3, 

𝜌(𝑆, 𝑇, 0) = 𝑎0 + 𝑎1𝑇 + 𝑎2𝑇2 + 𝑎3𝑇3 + 𝑎4𝑇4 + 𝑎5𝑇5 + [𝑏0 + (𝑏1𝑇 + 𝑏2𝑇2 + 𝑏3𝑇3 +

𝑏4𝑇4]𝑆 + [𝑐0 + (𝑐1𝑇 + 𝑐2𝑇2)]𝑆√𝑆 + 𝑑0𝑆2. 

Where 

 𝑓0 , 𝑓1, 𝑓2, 𝑓3, 𝑔0, 𝑔1,  𝑒0, 𝑒1, 𝑒2, 𝑒3, 𝑒4, 𝑚0, 𝑚1, 𝑚2, 𝑖0, 𝑖𝑖, 𝑖2, 𝑗0, 𝑘0, 𝑘1, 𝑘2, ℎ0, ℎ1, ℎ2, ℎ3,

 𝑎0, 𝑎1, 𝑎2, 𝑎3,𝑎4, 𝑎5, 𝑏0, 𝑏1, 𝑏2, 𝑏3, 𝑏4, 𝑐0, 𝑐1, 𝑐2 and 𝑑0 are constants [5] given in Table 2. 

 

𝑎0 999.842594 𝑓1 -0.603459 

𝑎1 6.793952e-2; 𝑓2 +1.09987E-2 

𝑎2 -9.095290e-3 𝑓3 -6.1670E-5 

𝑎3 1.001685e-4 𝑔0 7.944E-2 

𝑎4 -1.120083e-6 𝑔1 1.6483E-2 

𝑎5 6.536332e-9 𝑔2 -5.3009E-4 

𝑏0 8.24493e-1 ℎ0 3.239908 

𝑏1 -4.0899e-3 ℎ1 1.43713E-3 

𝑏2 7.6438e-5; ℎ2 1.16092E-4 

𝑏3 -8.2467e-7 ℎ3 5.77905E-7 

𝑏4 5.3875e-9; 𝑖0 2.2838E-3 

𝑐0 -5.72466e-3 𝑖1 -1.0981E-5 

𝑐1 1.0227e-4 𝑖2 -1.6078E-6 

𝑐2 -1.6546e-6 𝑗0 1.91075E-4 

𝑑0 4.8314e-4 𝑘0 8.50935E-5 

𝑒0 19652.21 𝑘1 -6.12293E-6 

𝑒1 148.4206 𝑘2 5.2787E-8 

𝑒2 -2.327105 𝑚0 -9.9348E-7 

𝑒3 1.360477E-2 𝑚1 2.0816E-8 

𝑒4 -5.155288E-5 𝑚2 9.1697E-10 

𝑓0 54.6746   

Table 2  Coefficients values used in Equation 1  

2.2. DIVA implementation and settings 

Data Interpolating Variational analysis (DIVA) is a tool to estimate gridded fields from 

irregularly distributed in-situ data. It is based on variational inverse method that works with 

minimization of the cost function allowing the choice of analyzed field fitting at best the data 

set [2]. The computation of this climatology is done by DIVAnd 2.3.1. DIVAnd is available as a 
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package in the programming language Julia (https://github.com/gher-ulg/DIVAnd.jl) and is 

used in conjunction with the jupyter notebook. 

 

To compute an analysis, DIVAnd requires the input of arrays consisting of (longitude, latitude, 

observations, depth, time). The domain for the analysis is global (0 to 360 longitude and -80 

to 80 latitude) for 37 (surface to 2000m) non-uniformly spaced depth layers. We consider 

“layers”, thus all profile records fitting in the specified layer thickness are used to calculate a 

climatology nominally located at the center of the layer without any interpolation. The layers 

are listed in Table 3. The temporal resolution is monthly, and the spatial resolution is 0.25°. 

 

Table 3 Depth Layers for the density SeaDataCloud Global Climatology 

 

Bathymetry: the GEBCO 30 sec bathymetry is used [3]. Land- sea mask used in the global 

climatology for different depth layers is given in Figure 3. 

Correlation length: The correlation length “L” gives an indication of the distance over which a 
given data point influences its neighborhood. The correlation length for these analyses is 
200km in both zonal and meridional direction. Instead of using vertical correlation length, a 

No. Layers Nominal 

Depth 

[m] 

No. Layers Nomin

al 

Depth 

[m] 

No. Layers Nominal 

Depth 

 [m] 

1 0-10 5 13 135-145 140 25 395-405 400 

2 5-15 10 14 155-165 160 26 435-455 450 

3 15-25 20 15 175-185 180 27 495-505 500 

4 25-35 30 16 195-205 200 28 595-605 600 

5 35-45 40 17 215-225 220 29 695-705 700 

6 45-55 50 18 235-245 240 30 795-805 800 

7 55-65 60 19 255-265 260 31 895-905 900 

8 65-75 70 20 275-285 280 32 1095-1105 1100 

9 75-85 80 21 295-305 300 33 1295-1305 1300 

10 85-95 90 22 315-325 320 34 1495-1505 1500 

11 95-105 100 23 335-345 340 35 1695-1705 1700 

12 115-125 120 24 365-375 370 36 1895-1905 1900 
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“layer” discretization has been used (Table 3) and Diva3d was applied for each layer 
separately, thus all profile data fitting in the specified layer thickness are used. 
Error variance Epsilon2: “Epsilon2” is the error variance of the observations normalized by the 

error variance of the background field. It can be a scalar, vector or a matrix depending upon 

the error covariance of the observation and correlation of the error. In our case it is the inverse 

of the signal-to-noise ratio. Error variance (Epsilon2) for these analyses is 0.5. 

Background Field: The background field is the first guess for the analysis. In case of default 

background field, DIVAnd computes the spatial mean of the observations for each layer. The 

resulting profiles are shown in Figure 4.  

 

  

  

  
Figure 3 LandSea mask and coastlines (white isoline) at different depth for the density 

climatology 

 

Density climatology were computed by DIVAnd using parameters explained above and the 

field is masked by its analysis error when values are greater than 30% (relative to background 

standard deviation) 
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Figure 4 Monthly vertical Profile of the density background field. 
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3. Density Climatology 

Density climatology computed by DIVAnd and masked by 30% error field for January and 

August for 5m, 900 m and 1500m is shown in Figure 5 and Figure 6. 

 

 

 

 

 

 

 

 

 

(a) 

 

 

 

 

 

 

 

 

 

(b) 

 

(c) 

 

Figure 5 Density climatology for January (kg/m3): a) 5m; b) at 900 m; c) at 1500 m. 
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(a) 

 

 

 

 

 

 

(b) 

 

(c) 

Figure 6 Density climatology for August (kg/m3): a) 5m; b) at 900 m; c) at 1500 m. 
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4. Technical Specifications 

The product is delivered in 12 files in NetCDF format. Each .nc file contains 3d array (longitude, 
latitude, depth) and month is fixed for each file. Parameters of the file are named as follow: 

Parameter_Name – parameter 3d array (longitude, latitude, depth) 

Parameter_Name_L1 – parameter masked using error threshold 0.3, 

Parameter_Name_L2 – parameter masked using error threshold 0.5, 

Parameter_Name_relerr - relative error of parameter. 

The names of NetCDF files are:  

SDC_GLO_CLIM_Dens_2003_2017_025_January.nc  

SDC_GLO_CLIM_Dens_2003_2017_025_February.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_March.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_April.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_May.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_June.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_July.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_August.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_September.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_October.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_November.nc 

SDC_GLO_CLIM_ Dens_2003_2017_025_December.nc 

5. Product Usability 

Monthly global ocean Density climatology is computed, and the vertical cross section of whole 

water has shown density inversions in some regions such Black Sea and South East China sea. 

These inversions could be due to the interpolation of highly variable data. As DIVAnd takes 

the influence of observations around the grid point according to correlation length provided. 

Therefore, in the areas of high variability such as fronts the averaging of density can brings the 

inversion or unrealistic values. Moreover, the product is using temperature instead of 

potential temperature therefore the effect of pressure on the deeper part can brings such 

unrealistic values. Therefore, it is advisable to consult the producer before using this product 

for a specific application. 
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List of acronyms 

Acronym Definition 

ARC Arctic ocean 

BAL Baltic Sea 

BLS Black Sea 

CDI Common Data Index 

CLIM Climatology 

CMEMS Copernicus Marine Environment Monitoring Service 

DATA Aggregated Dataset 

DIVA Data-Interpolating Variational Analysis (software) 

DOI Digital Object Identifier 

EC European Commission 

EDMO European Directory of Marine Organisations (SeaDataNet catalogue) 

GLO GLobal Ocean 

IOC Intergovernmental Oceanographic Commission 

IODE International Oceanographic Data and Information Exchange (IOC) 

MED Mediterranean Sea 

NAT North Atlantic Ocean 

NWS North West Shelf 

ODV Ocean Data View Software 

QC Quality Checks 

QF Quality Flags 

SDC SeaDataCloud 

SDN SeaDataNet 

TS Temperature and Salinity 

WOA World Ocean Atlas 

WP Work Package 
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