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I Executive summary

I.1 Products covered by this document

The document describes the delayed mode temperature (T) and salinity (S) INSITU_MED_TS_REP_OBSERVATIONS_013_041 product which details are given in the Table 1. Data are distributed on full level (no interpolation). They are available in the HISTORY directory of the Mediterranean Sea Distribution Unit (MED - DU) aggregated in one file per platform. This directory is updated once a year.
	Product Specification Customer Name
	INSITU_MED_TS_REP_OBSERVATIONS_013_041

	Short Description
	Mediterranean Sea REP 

	Variables
	Temperature, Salinity

	Reprocessing
	Yes

	Geographical coverage
	Mediterranean Sea 

	Spatial resolution
	Km

	Vertical coverage
	0 – bottom

	Temporal coverage
	01/01/1990 – 31/12/2015

	Temporal resolution
	Instantaneous

	Target delivery time
	yearly 

	Delivery mechanism
	authenticated FTP

	 Update Frequency
	Yearly


Table 1: INSITU_MED_TS_REP_OBSERVATIONS_013_041 product specification
I.2 Summary of the methodology
This product includes temperature and salinity (T/S) parameters, in situ time-series and vertical profiles. The accuracy of the measured parameters depends on the platforms and sensors that have been used (Table 3). Individual automatic tests (peak detection, etc.) and statistical tests (comparison with climatology and neighboring measurements) are performed on each profile or underway data. In addition, a visual control by ocean experts is performed on doubtful data. As a result, the quality control flags are assigned to each measurement and included in the product. The quality control flag scale is presented in Table 2.
	Code
	Meaning
	Comment

	0
	No QC was performed
	-

	1
	Good data
	All time QC tests passed.

	2
	Probably good data
	These data should be used with caution.

	3
	Bad data that are potentially correctable
	These data are not to be used without further scientific correction.

	4
	Bad data
	Data have failed one or more of the tests.

	5
	Value changed
	Data may be recovered after transmission error.

	6
	Not used
	-

	7
	Not used
	-

	8
	Interpolated value
	Missing data may be interpolated from neighbouring data in space or time.

	9
	Missing value
	-


Table 2: Quality control flag scale
I.3 Estimated Accuracy Numbers
Table 3 summarizes the accuracy of the T/S measurements that can be expected depending on the platforms and sensors. The definition of the reference values is obtained from different sources. The platform specific references that differ from the common ones are given for the specific value. 
	Data-type
	Temperature
[°C]
	Salinity2 []

	CTD
	0.005-0.001
	0.02-0.003

	XBT
	0.1
	

	XCTD
	0.02
	0.003

	PFL (profiling floats)
	0.01

	0.013

	Moored buoy data: TRITON/TAO

PIRATA/RAMA surface

Subsurface
	0.002

0.01-0.3

0.01-0.09
	0.003

	Drifting buoy data
	0.01
	0.01

	Marine mammals
	0.005
	0.01

	Glider
	0.005
	0.02

	Underway (Ferrybox, Research vessel TSG)
	0.001-0.1

	0.003-0.24


Table 3: The accuracy numbers for temperature and salinity observations for the different platform data are obtained from the INSTAC, 1NOAA, 20092ARGO Buoys 3, depending on sensor type
II Production Subsystem description
The INS-TAC is a distributed centre organized around 7 oceanographic regions: the global ocean and the 6 EUROGOOS regional alliances (see Figure 1). It involves 15 partners from 10 countries in Europe. It doesn't deploy any observing system and relies on data exclusively funded by other sources than Copernicus Marine Environmental Monitoring Service (CMEMS).
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Figure 1: The INS TAC components
The in-situ TAC architecture is decentralized. However, the quality of the products delivered to users must be equivalent wherever the data are processed. The different functions implemented by the global and regional components of the In Situ TAC are summarized in Figure 2. 
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Figure 2: Functions implemented by an in situ TAC component
Each region implements the following 4 core functions:

· Data Acquisition: Gather data available on international networks or through collaboration with regional partners.
· Data Quality control: Apply automatic quality controls (QC) that have been agreed at the In Situ TAC level. These procedures are defined by parameter, elaborated in coherence with international agreement, in particular SeaDataNet.
· Product validation: Assess the consistency of the data over a period of time and an area to detect that are not coherent with their neighbours and that could not be detected by automatic QC.
· Product distribution: Make the data available within CMEMS and to the external users.
Each region has organized the activities according to the expertise and background in data management for operational oceanography.  

1. The 4 functions are implemented in one institute per region (e.g.: Arctic, Black Sea, Mediterranean Sea);

2. The acquisition and QC is done by regions (Baltic, Arctic, NWS, IBI, Black Sea, Mediterranean Sea and Global), an institute takes care of the validation and distribution is centralized.

In any case, the Global component of the In Situ TAC collects the data from the regional components and integrates them into the global product acting as a backup of the regional centres.

The main distribution channel for the In Situ TAC is an authenticated FTP. Through the collaboration with the SeaDataNet program, additionally temperature and salinity data are obtained and reprocessed within the In Situ TAC. Figure 3 shows the data flow and anomaly feedback mechanism for the specific data sources.
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Figure 3: Data flow and anomaly feedback mechanism for the reprocessed temperature and salinity products of the In Situ TAC 
III Validation framework
No external products are used in the validation process of the INSITU_MED_TS_REP_OBSERVATIONS_013_041. 
The estimated accuracy numbers for temperature and salinity observations for the different platforms are shown in Table 3.
The scientific and technical validation of the historical data extracted from the In Situ TAC portal at a fix date is performed in order to assure an excellent quality of data. This scientific document describes the method developed at the Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (OGS) in order to perform the quality assessment of the physical variables (temperature and salinity) in the Mediterranean Sea, collected with moorings, profiling floats, gliders, drifters and vessels. The procedure is similar to the one periodically applied in the Mediterranean Sea (Notarstefano et al., 2011) and follows the specifications contained in the Validation Plan (2010) and is also based on the validation procedure described in Von Schuckmann (2010).

OGS is in charge of the DM validation of the historical physical variables (temperature and salinity) in the Mediterranean Sea collected with in-situ platforms belonging to several European research institutes. In figure 4 a schematic view of the entire process of the validation is shown. The NetCDF files stored in the Mediterranean Sea server at HCMR institute are the input of the assessment procedure. 
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The first step is to split the NetCDF files in monthly files. This is done because the historical files are organized in the sense "one file per platform" and hence too large to be managed by the validation procedure. Ad-hoc matlab scripts have been created to split the files in time and space; the global attributes for the time and space limits are modified accordingly. Hence, the number of NetCDF files generated from an original historical file corresponds to the number of months in which the platform recorded the data. Once the monthly files have been validated, they are grouped together (using other ad-hoc matlab scripts) to build again the original historical NetCDF file.

The method combines a comparison to climatology and among the nearest platforms (cross-validation). After these checks the operator decides to change or not the quality flag associated to the data.
The target is to analyze the differences as a function of the spatial and temporal distances between the measurements: for this purpose, spatial and temporal windows have been set and the consistency check of the measurements is performed within these windows. The comparison is performed in a 2X2 degrees square, between -6° to 36° longitude East and 30° to 46° latitude North. The depth ranges and the vertical resolution adopted are presented in Table 44. The resolution decreases while increasing depth (like the thermohaline variability). The choice of these windows is a compromise: they have to be set large enough to contain a fair amount of reference data; on the contrary, the dimension has to take in account the correlation scales of temperature and salinity.

	Depth ranges
	Vertical resolution

	0-100 m
	10 m

	100-800 m
	25 m

	800-2000 m
	100 m

	2000-4000 m
	200 m


Table 4: Depth ranges (left) and the vertical resolution (right) adopted
The comparison is therefore done in a portion (volume) of the water column and all the real time (RT) good data (hence data with the quality control (QC) flag equal to 1, 2, 5, 7, and 8) pass through the validation procedure. In the framework of the WP 15, it was decided to perform the validation even if the QC for the pressure data is not done: the DEPTH, DEPH and PRES values inferred by moorings and vessels and the PRES_ADJUSTED values with RT QC flags 0 are also accepted; moreover, the depth or pressure variables of surface platforms (except the surface moorings) with RT QC set to "fillvalue" are accepted and the default surface pressure value is in case set. The files without the depth or pressure variables are discarded. 

The cross-validation technique allows comparing data provided by different platforms in a small time window (60 days ( month to be validated ±30 days). In this way a reliable consistency check is performed. The limit of this technique could be the scarcity of data and hence the condition to be applied is to have at least 2 different platforms and at least 5 data points.

The MEDAR-MEDATLAS climatology is used to perform the comparison with the in-situ data whenever the cross-validation technique cannot be adopted due to scarcity of data. In this case, a larger time window (years ( month to be validated minus several years) is adopted. The use of climatology has been introduced in order to check as many files as possible: the comparison with the Medar-Medatlas climatology to perform the validation is maybe not as reliable as the cross-validation method due to the high variability of the Mediterranean thermohaline properties and the scarcity of recent data. Hence, only major spikes and data inconsistencies are detected. But, this part of the validation procedure could be improved using the more recent SeaDataNet climatology. The spatial and temporal distribution of the climatological profiles are presented in Figures 5 and 6. 
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Figure 5: Spatial distribution of the climatological profiles. Black arrows indicate areas with scarcity of data

[image: image6]
Figure 6: Temporal distribution of the climatological profiles
The temporal data coverage exhibits two peaks in the years 1987 and 1995 with about 2000 CTD casts per year; the sampling is generally good within this period but before 1986 and after 1995 the number of CTD casts decreases drastically. The spatial coverage is quite good, but the southern Ionian, Tyrrhenian and Algerian seas have not been completely sampled. For this reason we prefer not to interpolate the data in these areas but to use the nearest data of the nearest 2X2 boxes to do the comparison.

The reference data and the data to be assessed are searched into a specific geographical area, time window and water volume. The mean value and standard deviation are computed in each water column portion. Anomalous values are those which are out of the predefined statistical thresholds listed in Table5.
	Depth interval
	Range

	Surface – 400 meters
	5 x standard deviation

	400 – 800 meters
	4 x standard deviation

	800 meters - bottom
	3 x standard deviation


Table5: Depth intervals (left) and respective accepted ranges (right)
The final output of the validation procedure is the production of delayed-mode (DM) validated files. Within the DM files, the QC flags are, in case, changed; the data mode is changed to “D”; the data mode attribute is changed to “M” or “D”; the global attribute data mode is changed to “M” or “D”. The "comment" field of the global attribute is properly filled with the information about the validation and also the "date_update" field is updated. Finally, other ad-hoc matlab functions are used to build again the original historical NetCDF files: the DM monthly files are grouped together and then the files are sent to the HCMR server.

A briefly description of the software that was developed for the validation purpose is useful to understand the architecture of the validation procedure. The first step consists in downloading (automatically and, in case, manually) the data from the HCMR and server: a perl script was written in order to make a copy of the remote files (via FTP protocol) on the local server. Ad-hoc scripts (written in matlab) are then run to split the NetCDF platform-life based files into monthly NetCDF files. A matlab script named “Validation” is the main function that lists the monthly files to be processed, sets some parameters and starts the validation procedure that calls about 50 matlab functions. The NetCDF files are read and only the parts of files that are really needed for the validation are extracted and used: files (or part of them) with bad QC flags and in general not useful for the validation purpose are rejected. The files to be assessed follow the procedure described in this technical report and specific functions are called to perform the “cross-validation” or the comparison to the climatology. The NetCDF files on the local server are then overwritten including the information about the validation that was performed. Several ascii files are produced to list the validation results, the reasons for rejecting the files and the anomalies encountered. Other ad-hoc matlab scripts are run to build again the original historical NetCDF files. The last step consists of uploading the validated files on the HCMR server: another perl script copies the NetCDF files from the OGS local server to the remote server (via FTP protocol).
The validation procedure has been improved and new approaches to detect outliers, positions on land, stuck values have been developed (Notarstefano et al., 2016). The detection of the on-land points of each platform is done using about 4000 high resolution polygons of the Mediterranean coasts and islands. The position quality flag of the on-land points identified is opportunely changed to bad value. Data of each platform acquired at the same pressure level are selected and checked to detect the presence of stuck values of temperature and salinity. In particular, sequential data recorded at different times that have the same values of the physical variable analyzed are suspicious to be stuck values. The proposed approach identifies a group of stuck values if the following condition is satisfied: the group must be composed by at least 3 elements with the same value; flag 2 is applied for groups that have between 3 and 5 data, whilst flag 3 for groups with more than 5 data. The validation method checks also stuck values within a profile using the same approach described above. Data acquired at the same pressure level, at the same time and also at the same position are classified as a duplicated and hence a flag 3 is assigned. Flag 4 is assigned when data has the same time but different locations, that is hardly possible and could be linked to possible errors during the transmission of the data. The Grubbs test (Grubbs, 1969) is used to detect and remove the outliers in a data series. The test is performed to detect for outliers both in selected data at the same pressure level and in profiles. All the outliers are flagged as 3.
IV Validation results

IV.1 Coverage in Time of the REP product 

The following figures (from 7 to 9) give an overview of the number of profiles and time series per type of platform since 1990. The number of profiles acquired by vessels is larger in the 90,s and early 2000’s where the research cruises was the main source for the oceanographic observations, while the number of profiles acquired by Argo and gliders increase regularly since 2005. 
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Figure 7: Upper figure: bar diagram giving the number of profiles per month per type of platform. Lower figure: bar diagram providing the number of measurements per month per type of platform for time-series data
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Figure 8: Number of platforms available for the Med Sea for the period 1990-2015. Information is provided for all the parameters available in MyOcean data provision, while the reprocessed data product is only covering T and S
The total amount of files (or platforms that recorded temperature and salinity) in the Mediterranean Sea between 01-01-1990 and 31-12-2015 is 1894 (Figure 9): the largest number of files belongs to the vessel platform (53.3% of the total number), then profiler-glider files (25.5%), drifter files (17.9%),  and mooring files (3.3%). 
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Figure 9: Percentage and number of files for different platforms used in the validation procedure in the Mediterranean Sea between 1 January 1990 and 31 December 2015
IV.2 Coverage in space of the REP product 

The following map (Figure 10) provides a synoptic view of the spatial coverage of the Med Sea T&S REP product. The deep ocean part of the Med Sea is mainly covered by drifters and Argo floats and research cruises. The shelf part is mainly covered by fixed stations, drifters and research cruises. In the recent years new platforms such as gliders are deployed. In addition, figure 11 shows the maximum depth of the observations performed in the Mediterranean for the whole processing period. It is evident that the number of deep observations is quite small during 1990’s, while after 2000 the introduction of Argos and Gliders has significantly increased the availability of recordings of the first 1000 meters of the water column.
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Figure 10: Map of different platform locations in the MED region available in the history directory of the MED INSTAC portal for the whole period
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Figure 11: The maximum depth of the observations performed by the different platforms in the Mediterranean for the whole period (the observations number is presented in logarithmic scale) 
IV.3 Information on the quality of the data 
The output data quality information given by the Med InSitu Tac is displayed in 12, providing the ratio of observations flagged with a ´good´ data quality flag (see Table 2 for definition of flags). These diagrams give a synoptic view on the quality of the data available in the REP product per parameter.
For the temperature parameter, a high percentage between 90 and 100% in average has flags indicating good data quality for all platforms except moorings. For the salinity, the percentage of good data is a bit lower, between 80 and 100%, better for floats, worse for mooring data that have not been corrected for sensor drift in delayed mode. 
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Figure 12: The ratio of observations flagged with the ´good´ data flag. Information is provided for all the parameters available in MyOcean data provision, while the reprocessed data product is only covering T and S
The quality control flags have been changed according to the validation procedure results. The QC flag codes applied for temperature and salinity are shown In Figure 13: the histograms are related to number of data checked (in red), the number of flag scale change (in blue) and to the type of flag scale applied (flag 2 in green, flag 3 in purple, flag 4 in cyan).

2.5% of files contain variables whose QC flags are always 3 and 4 (probably bad and bad data); in Figure 14 the variables with this kind of flags are listed.
0.9% of files are excluded by the validation procedure mainly because the QC flags of one or more variables are always equal to zero in the file (Figure 15). 
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Figure 13: Quality control flag scale change for salinity (left panel) and temperature (right panel). The number of data analyzed are in red, the number of quality flags changed in blue and the code applied are in green for flag 2, purple for scale 3 and cyan for scale 4.
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Figure 14: Percentage and number of files that contain bad data
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Figure 15: Percentage and number of files excluded by the validation procedure
The on-land points detected are shown in Figure 16 and are about the 2% of the total locations. The position qc flag of these data has been changed to bad value (flag code 4).
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Figure 16: On-land locations of the Mediterranean in-situ platforms found by the validation procedure: CMEMS in-situ TAC product (1990-2015). Colours are related to platform models.
V Validation synthesis

In summary, the result of the application of the DM assessment method is that 21.2% and 10.4% of the QC flags of 1894 files have been changed for temperature and salinity data respectively in the period January 1990 - December 2015. 70 files whose data have the RT QC flags always equal to 0, 3, 4 (see Table 2 for definition of flags) for one or more variables, have been discarded by the validation method and their data mode remains set to “R”. The position qc flag has been changed to 4 for about the 2% of the data.
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Figure 4: Schematic view of the validation process
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