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1. Coriolis data centre quality control procedures

The role of Coriolis data centre is to collect, control and distribute in-situ data for operational oceanography. The data controlled are mainly :
· Temperature and salinity profiles from XBT, CTD, Argo floats, buoys and moorings,

· Sea surface temperature and salinity from thermosalinographs, Argo floats and buoys.

1.1. Quality control flag scale

Quality control flags are applied by Coriolis data centre. Final users should read and use carefully those flags be sure that only good quality data are used (ie only flag 1 data should be assimilated in models).

	PRIVATE
Code
	Meaning

	0
	No QC was performed

	1
	Good data

	2
	Probably good data

	3
	Bad data that are potentially correctable

	4
	Bad data

	5
	Value changed

	6
	Not used

	7
	Not used

	8
	Interpolated value

	9
	Missing value


The quality flags are applied following procedures described in this document.
1.2. Guidance to users

· Data with QC flag=0 should not be used without a quality control made by the user
· Data with QC flag ( 1 on either position or date should not be used without additional control from the user

· If Data and position QC flag=1

· only measurements r with QC flag=1 can be used safely.
· If QC Flag=4 measurements should be rejected

·  If QC flag =2  the data may be good for  some applications  but the user should verify

· If QC Flag=3  the data are not usable but the data center has some hope to be able to correct them in delay mode .  
2. Argo floats quality control 

Coriolis data center is a data assembly center (DAC) for French and Europeans Argo floats. The detailed description of Argo data management and QC procedures described in Argo user's manual is available at : http://www.coriolis.eu.org/coriolis/cdc/argo/argo-dm-user-manual.pdf .

The following steps are performed to process Coriolis Argo floats data :

· Decoding

· Automatic QC (2.1)

· Automatic GTS distribution (2.2)

· Visual QC (12.3)

· Objective analysis, residual analysis (2.6)

· Distribution to the Argo community (GDAC) (2.4)

· Distribution to modelers (2.5 & 2.7)

2.1. Argo real-time QC

The Argo project defined a series of automated tests that are applied in real-time :

· test 1: Platform Identification

· test 2: Impossible Date Test

· test 3: Impossible Location Test

· test 4: Position on Land Test

· test 5: Impossible Speed Test

· test 6: Global Range Test

· test 7: Regional Global Parameter Test for Red Sea and Mediterranean Sea
· test 8: Pressure Increasing Test

· test 9: Spike Test

· test 10: Top and Bottom Spike Test

· test 11: Gradient Test

· test 12: Digit Rollover Test

· test 13: Stuck Value Test

· test 14: Density Inversion

· test 15: Grey List

· test 16: Gross salinity or temperature sensor drift

The detail of the tests is described in Annex 1.

2.2. Automated GTS distribution

Every 2 hours, the measurements with QC Flag=1 are  inserted on the GTS. 

2.3. Visual QC 

A visual quality control is performed by an operator on all profiles with bad or probably bad data.

The main functions performed Coriolis Visual Quality Control (CVQC) are :

· Display the profiles of a station

· Change profile quality flags 
· Compare current profile to neighboring profiles  

· Display ancillary information of a station, meta-data

· Apply automatic quality control on a station  
CVQC provides additional information :

· Control of the platform speed

· Control of the density profile

· Display of T/S diagrams

The Coriolis Visual Quality Control manual is available at :

http://www.coriolis.eu.org/coriolis/cdc/documents/cordo-dsf-02-122.pdf
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CVQC : visual quality control for an Argo float (temperature and salinity vertical profile)


[image: image2.jpg]10 Stain 333964 (4/50) - - rgp oot
Procssg s i [ S

Lattude  [38071 [f-bomne ]
Longtude_[£252

Nb. riveaus

Plateforme 1900127 Infos
PROVOR-CT DIN-01-F243 Py043 A
45BUOY/MOORING: SUBSURFACE, VERTICAL =)

FF - 842 - Proffing Float, PROVOR, FS1 condhuctivty

548 FREMER Catte
Flosemary MORROW

FLOSTRALARGO Valeus
Experience

Coele 3 du 28/01/2003 au 07/02/2003 Histo

300000603 : 30 - PRACTICAL SALINITY

PRESSURE IN HP A,

3300 3330 360 3390 3420 3450 3450 3510 3540 3570 3800

13

113

213

13

413

s13

613

73

a13

a1z

1013

113

1213

1313

1813

1513

1813

1713

1813

1813

2013

PRACTICAL SALNTY

Suivant (5/50)

Brécédent (3/50) i 4

A TEMPERATLI

13

113

213

13

413

s13

613

73

a3

a1z

1013

113

1213

1313

1413

1513

1813

1713

1813

1813

2013

SEA TENPERATURE

Valder [4/50)

200 400 500 500 10001200 14.0016.0015.00 20,00 22.00 24.0(

Jounal

NTSISM20 - ceaatana.
18/06/2004 1206:32
Commentaies

S =

o et | 3003930 3350 3990 3420 3503450 3610540 3570300
13
3
213
313
a3

] s

X Supp. Mes.
o3

Pzoomannt

el

EE

2 e S

[ Zoom initial

=1 .

R Forts

R Lignes s

4

supp.saion || 1113

acooiis || s

1313
113
1513
1613
11
1613
1913
201

Inpiver 1 Quiter





CVQC : visual quality control for an Argo float with a salinity sensor error (profile rejected on test 16 : Jump Test)
2.4. Daily distribution : GDAC and models  
An automated distribution of data to Argo Global Data Center (GDAC) is performed on a daily basis. All measurements qualified by flags are available together with metadata, surface and drift measurements and history comments 

All these data are available from Coriolis ftp site :

ftp://ftp.ifremer.fr/ifremer/argo/
2.5. Weekly distribution : models and GDAC

A distribution of in-situ data for Mercator model is performed once a week. All measurements qualified by flags are available together with metadata, surface and drift measurements and history comments. These data are available for other operational centers at ftp://ftp.ifremer.fr/ifremer/coriolis/mercator/ 
The distributed data passed all the previously described quality control procedures (automated qc, visual qc, objective analyses).

The Argo data with flags updated by the objective analysis (for the moment Atlantic Ocean data )are re-distributed to GDAC once a week.

3. XBT, CTD quality control

Coriolis receive in real-time temperature and salinity vertical profiles from XBT, XCTD and CTD launched from various ships (research vessels, commercial vessels).

The same steps of quality controls are applied on these data and Argo data. However, the grey list automatic test is not applied on XBT and CTD.

XBT and CTD data flow   :

· Decoding

· Automated QC 

· test 1: Platform Identification

· test 2: Impossible Date Test

· test 3: Impossible Location Test

· test 4: Position on Land Test

· test 5: Impossible Speed Test

· test 6: Global Range Test

· test 7: Regional Global Parameter Test for Red Sea and Mediterranean Sea
· test 8: Pressure Increasing Test

· test 9: Spike Test

· test 10: Top and Bottom Spike Test

· test 11: Gradient Test

· test 12: Digit Rollover Test

· test 13: Stuck Value Test

· Automatic GTS distribution 

· Visual QC 
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CVQC : visual quality control for an XBT profile. The current profile is displayed with all the profiles from the same vessel 
· Distribution to modelers 

4. M3A data quality control

The same steps of quality controls are applied on these data and Argo data. However, the grey list automatic test is not applied on moorings or buoys. Only T and S parameters are presently qualified by Coriolis.
Time series data flow   :

· Decoding

· Automatic QC 

· Automatic GTS distribution 

· Visual QC 

· Distribution to modelers 

Annex 1 : Argo Real-Time Quality Control   
Argo real-time qc procedures are available at :
 http://www.coriolis.eu.org/coriolis/cdc/argo/argo-real-time-qc.pdf
	ARGO real-time quality control tests

	· 28 Mar, changed lower limit of temperature in Med to 10.0

· 8 Jun: Modified spike and gradient tests according to advice from Yasushi and added inversion test

· 24 October 2003 : Test 15 and 16 proposed by Thierry Carval at Monterey data-management meeting

Argo Real-time Quality Control Test Procedures

Introduction

Because of the requirement for delivering data to users within 24 hours of the float reaching the surface, the quality control procedures on the real-time data are limited and automatic. The test limits are briefly described here. More detail on the tests can be found in IOC Manuals and Guides #22 or at

 http://www.meds-sdmm.dfo-mpo.gc.ca/ALPHAPRO/gtspp/qcmans/MG22/guide22_e.htm
Note that some of the test limits used here and the resulting flags are different from what is described in Manuals and Guides #22.

If data from a float fail these tests, certain of the data will not be distributed on the GTS. However, all of the data, including those having failed the tests, should be converted to the appropriate netCDF format are forwarded to the Global Argo Servers. 

Presently, the TESAC code form is used to send the float data on the GTS (see http://www.meds-sdmm.dfo-mpo.gc.ca/meds/Prog_Int/J-COMM/J-COMM_e.htm). This code form only handles profile data and reports observations as a function of depth not pressure. It is recommended that the UNESCO routines be used to convert pressure to depth (Algorithms for computation of fundamental properties of seawater, N.P. Fofonoff and R.C. Millard Jr., UNESCO Technical Papers in Marine Science #44, 1983) If the position of a profile is deemed wrong, or the date is deemed wrong, or the platform identification is in error then none of the data should be sent on the GTS. For other failures, only the offending values need be removed from the TESAC message. The appropriate actions to take are noted with each test. 

Tests

1. Platform Identification

Every centre handling float data and posting them to the GTS will need to prepare a metadata file for each float and in this is the WMO number that corresponds to each float ptt. There is no reason why, except because of a mistake, that an unknown float ID should appear on the GTS.

Action: If the correspondence between the float ptt cannot be matched to the correct WMO number, none of the data from the profile should be distributed on the GTS. 

2. Impossible Date Test

The test requires that the observation date and time from the float be sensible. 

Year greater than 1997

Month in range 1 to 12

Day in range expected for month

Hour in range 0 to 23

Minute in range 0 to 59

Action: If any one of the conditions is failed, the date should be flagged as wrong and none of the data from the profile should be distributed on the GTS.

3. Impossible Location Test

The test requires that the observation latitude and longitude from the float be sensible. 

Action: If either latitude or longitude fails, the position should be flagged as wrong and none of the data from the float should go out on the GTS.

Latitude in range -90 to 90

Longitude in range -180 to 180

4. Position on Land Test

The test requires that the observation latitude and longitude from the float be located in an ocean. 

Use can be made of any file that allows an automatic test to see if data are located on land. We suggest use of at least the 5-minute bathymetry file that is generally available. This is commonly called ETOPO5 / TerrainBase and can be downloaded from http://www.ngdc.noaa.gov/mgg/global/global.html
Action: If the data are cannot be located in an ocean, the position should be flagged as wrong and they should not be distributed on the GTS.

5. Impossible Speed Test

Drift speeds for floats can be generated given the positions and times of the floats when they are at the surface and between profiles. In all cases we would not expect the drift speed to exceed 3 m/s. If it does, it means either a position or time is wrong, or a float is mislabeled. Using the multiple positions that are normally available for a float while at the surface, it is often possible to isolate the one position or time that is in error. 

Action: If an acceptable position and time can be used from the available suite, then the data can be sent to the GTS. Otherwise, flag the position, the time, or both as wrong and no data should be sent.

6. Global Range Test

This test applies a gross filter on observed values for temperature and salinity. It needs to accommodate all of the expected extremes encountered in the oceans. 

Temperature in range -2.5 to 40.0 degrees C

Salinity in range 0.0 to 41.0 PSU

Action: If a value fails, it should be flagged as wrong and only that value need be removed from distribution on the GTS. If temperature and salinity values at the same depth both fail, both values should be flagged as wrong and values for depth, temperature and salinity should be removed from the TESAC being distributed on the GTS.

7. Regional Global Parameter Test

This test applies to only certain regions of the world where conditions can be further qualified. In this case, specific ranges for observations from the Mediterranean and Red Seas further restrict what are considered sensible values. The Red Sea is defined by the region 10N,40E; 20N,50E; 30N,30E; 10N,40E and the Mediterranean Sea by the region 30N,6W; 30N,40E; 40N,35E; 42N,20E; 50N,15E; 40N,5E; 30N,6W. 

Action: Individual values that fail these ranges should be flagged as wrong and removed from the TESAC being distributed on the GTS. If both temperature and salinity values at the same depth both fail, then values for depth, temperature and salinity should be removed from the TESAC being distributed on the GTS.

Red Sea

Temperature in range 21.7 to 40.0

Salinity in range 0.0 to 41.0

Mediterranean Sea

Temperature in range 10.0 to 40

Salinity in range 0.0 to 40.0

8. Pressure Increasing Test

This test requires that the profile has pressures that are monotonically increasing (assuming the pressures are ordered from smallest to largest). 

Action: If there is a region of constant pressure, all but the first of a consecutive set of constant pressures should be flagged as wrong. If there is a region where pressure reverses, all of the pressures in the reversed part of the profile should be flagged as wrong.  All pressures flagged as wrong and all of the associated temperatures and salinities are removed from the TESAC distributed on the GTS.

9. Spike Test

Differences between sequential measurements, where one measurement is quite different than adjacent ones, is a spike in both size and gradient. The test does not consider the differences in depth, but assumes a sampling that adequately reproduces the temperature and salinity changes with depth. The algorithm is used on both the temperature and salinity profiles.  

Test value =  | V2 - (V3 + V1)/2  | - | (V3 - V1) / 2 |

where V2 is the measurement being tested as a spike, and V1 and V3 are the values above and below.

Temperature: The V2 value is flagged when 

the test value exceeds  6.0 degree C. for pressures less than 500 db or

the test value exceeds  2.0 degree C. for pressures greater than or equal to 500 db

Salinity: The V2 value is flagged when 

the test value exceeds 0.9 PSU for pressures less than 500 db or

the test value exceeds 0.3 PSU for pressures greater than or equal to 500 db

Action: Values that fail the spike test should be flagged as wrong and are removed from the TESAC distributed on the GTS. If temperature and salinity values at the same depth both fail, they should be flagged as wrong and the values for depth, temperature and salinity should be removed from the TESAC being distributed on the GTS.

10. Top and Bottom Spike Test

This is a special version of the Spike test, which compares the measurements at each end of the profile, to the adjacent measurement. Temperature at the top or bottom should not be different form the adjacent measurement, by more than 1 degrees C. Salinity at the top or bottom should not be different from the adjacent measurement, by more than 0.5 PSU. 

Action: Values that fail the test should be flagged as wrong and are removed from the TESAC distributed on the GTS. If temperature and salinity values at the same depth both fail, both values are flagged as wrong and then the values for depth, temperature and salinity should be removed from the TESAC being distributed on the GTS.

11. Gradient Test

This test is failed when the difference between vertically adjacent measurements is too steep. The test does not consider the differences in depth, but assumes a sampling that adequately reproduces the temperature and salinity changes with depth The algorithm is used on both of the temperature and salinity profiles. 

Test value =  | V2 - (V3 + V1)/2  | 

where V2 is the measurement being tested as a spike, and V1 and V3 are the values above and below.

Temperature: The V2 value is flagged when 

the test value exceeds  9.0 degree C. for pressures less than 500 db or

the test value exceeds  3.0 degree C. for pressures greater than or equal to 500 db

Salinity: The V2 value is flagged when 

the test value exceeds 1.5 PSU for pressures less than 500 db or

the test value exceeds 0.5 PSU for pressures greater than or equal to 500 db

Action: Values that fail the test (i.e. value V2) should be flagged as wrong and are removed from the TESAC distributed on the GTS. If temperature and salinity values at the same depth both fail, both should be flagged as wrong and then values for depth, temperature and salinity should be removed from the TESAC being distributed on the GTS.

12. Digit Rollover Test

Only so many bits are allowed to store temperature and salinity values in a profiling float. This range is not always large enough to accommodate conditions that are encountered in the ocean. When the range is exceeded, stored values rollover to the lower end of the range. This rollover should be detected and compensated for when profiles are constructed from the data stream from the float. This test is used to be sure the rollover was properly detected. 

Temperature difference between adjacent depths > 10 degrees C

Salinity difference between adjacent depths > 5 PSU

Action: Values that fail the test should be flagged as wrong and are removed from the TESAC distributed on the GTS. If temperature and salinity values at the same depth both fail, both values should be flagged as wrong and then values for depth, temperature and salinity should be removed from the TESAC distributed on the GTS.

13. Stuck Value Test

This test looks for all measurements of temperature or salinity in a profile being identical. 

Action: If this occurs, all of the values of the affected variable should be flagged as wrong and are removed from the TESAC distributed on the GTS. If temperature and salinity are affected, all observed values are flagged as wrong and no report from this float should be sent to the GTS.

14. Density Inversion

This test uses values for temperature and salinity at the same pressure level and computes the density. The algorithm published in UNESCO Technical Papers in Marine Science #44, 1983 (referred to earlier) should be used. Densities are compared at consecutive levels in a profile.

Action: If the density calculated at the greater pressure is less than that calculated at the lesser pressure, both the temperature and salinity values should be flagged as wrong. Consequently, the values for depth, temperature and salinity at this pressure level should be removed from the TESAC distributed on the GTS.

15. Grey List

This test is implemented to stop the real-time dissemination of measurements from a sensor that is not working correctly.

The grey list contains the 7 following items :

· Float Id

· Parameter : name of the grey listed parameter

· Start date : from that date, all measurements for this parameter are flagged as bad and probably bad

· End date : from that date, measurements are not flagged as bad or probably bad

· Flag : value of the flag to be applied to all measurements of the parameter

· Comment : comment from the PI on the problem

· DAC : data assembly center for this float

Each DAC manages a black list, sent to the GDAC.

The merged black-list is available from the GDACs.

The decision to insert a float parameter in the grey list comes from the PI.

Example :

Float Id

Parameter

Start date

End date

Flag

Comment

Dac

1900206

PSAL

20030925

-

3

IF

16. Gross salinity or temperature sensor drift

This test is implemented to detect a sudden and important sensor drift.

It calculates the average salinity on the last 100 dbar on a profile and the previous good profile. Only measurements with good QC are used. 

Action : if the difference between the 2 average values is more than 0.5 psu then all measurements for this parameter are flagged as probably bad. 

The same test is applied for temperature : if the difference between the 2 average values is more than 1 degree C then all measurements for this parameter are flagged as probably bad.

Last updated: 24 October, 2003
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