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1.  INTRODUCTION

There are two main data management streams for marine oceanographic observations.  The first, real-time data, traditionally has lower resolution and is mostly not calibrated.  For this reason, it is considered to be of lower quality.  The second data stream is called either delayed mode or high resolution.  The delayed mode data are those from which the real-time data were derived and are of higher precision and resolution .  In addition, these usually have passed through calibration and higher scrutiny of data quality.  Typically delayed mode data arrive at archive centres some time after the date of collection (from a few weeks to many years).

Several international programmes support global reporting of in-situ marine oceanographic observations in operational time frames.  Both surface and sub-surface water properties such as temperature and salinity are transmitted in synoptic time frames and made available continuously over the Global Telecommunications System (GTS).  However, if data are to be of value to some users, they have to be delivered in the time frame that is needed.  Depending on the application, marine oceanographic data can be used anywhere from daily to monthly.  The present international system for transmitting data assumes that data older than 30 days are not valuable for real-time uses.  In fact, because of the way ocean data are collected, some data older than 30 days nevertheless do appear on the GTS. 

2.  REAL-TIME DATA FLOW

Real-time marine oceanographic observations are quality controlled, archived and made available to the general public by the participating member countries through a network of responsible data centers such as the Canada's Marine Environmental Data Service (MEDS).

Marine oceanographic observations collected from ships generally fall into a category referred to as ocean profiles.  Ocean profiles are discrete measurements of the natural properties and contents of the ocean waters as variation with depth, location and time.  Data are normally collected by lowering instrumentation vertically through the water column, and measuring using continuous electronic sensors or capturing samples of water at discrete depths in bottles, or matter and biota in nets or traps.  A reduced form of the water column properties, along with some meteorological parameters observed on-board ship is coded and transmitted in near-real time, and the higher precision data is processed at a later date.  As well, continuous sampling of surface water parameters from water intake while the ship is under way provides location and water property characteristics which are also reported in near-real time.  The GTS is used for global telecommunications of these observations and their messages types are typically JJYY, KKXX, and NNXX.

Marine observations reported from surface drifting instruments report buoy position and many such variables as surface water temperature, air pressure, air temperature, wind speed and wind direction.  Other measurements such as salinity and chlorophyll are becoming increasingly available.  Some surface buoys have a set of thermistors reporting sub-surface temperatures.  A newer series of programmable "profiling floats" combine the characteristics of ocean profiling and drift to report ocean profiles at synoptic intervals.  The surface drifting buoy observations are reported via the GTS as ZZYY messages whereas the profiling floats usually report as KKXX message types.  For most drifting buoys or profiling floats the data reported in near-real time are the only data set available and there are no higher resolution data.

[image: image1.png]DRIFTING BUOYS MAY / MAI 1999 BOUEES DERTVANTES (68738 )

o

0 50t sor  qo0r 120" 40" im0 ds0r de0r 440t 120" oo sor  eor

200

o

e0

Retrieval Area/ Lot 90,00 tofi 90,00
Aire de recherche  Lon-130,00 tofs 180,00
Retrieval Peiod | 1999105 ol 1999105
Période de recherche MEDS / SDMM 020071999





3.  QUALITY CONTROL

Data centres have a responsibility to preserve original data in the form received as well as to review the data to ensure uniform quality in the archive.  To ensure high quality of real time data, it has been argued that only data of known and acceptable accuracy be admitted.  This could be interpreted as saying only data received from principal investigators are suitable for an archive.  By implementing this, an archive would exclude data that others consider of value even with their acknowledged deficiencies, and would have no hope of satisfying users requiring quick access to data.  An archive must attempt to satisfy both interests.  To this end, data centres perform a number of procedures on the data to identify suspect values.  The errors are then either deleted or corrected but the standard policy is to "flag" the suspect data and retain this meta-data information with the observed data set within the archive.  The philosophy of flag assignment adopted by MEDS is that it is generally inadvisable to change data.  Changes should only be made when it is clear what the change should be and that if a change were not made the data would be unusable.  All changes are recorded as history records and stored as met-dat within the archive.

There is also a need to find and remove data duplications.  A check for duplicate reports is necessary to eliminate statistical biases which would arise in products incorporating the same data more than once.  In searching, the distinction between exact and inexact duplicates should be kept in mind.  An exact duplicate is a report in which all the physical variable groups (including space-time co-ordinates) are identical to those of a previous report of the same type from the same platform.  An inexact duplicate will have at least one difference.

The quality control procedures for oceanographic observations have been grouped according to stages as outlined in WMO Guide No. 781.  The first stage is concerned with determining that the position, the time, and the identification of a message type are sensible.  The second stage is concerned with resolving impossible values for observed variables being reported.  The next stage examines the consistency of the observations with respect to references such as independent climatologies.  Finally, one looks at the internal consistency within the data set as an entity.

Subjective visual inspection of the data as received, and usually after all other tests have been completed, is required. The testing and flagging procedure of this stage relies upon the experience and knowledge of the person conducting the test.  As experience is gained, the processes used in the visual inspection are converted to objective tests.  However, there will always be a need to conduct this visual inspection as the final judgement of the validity of the data.

3. a) Preliminary quality control on incoming GTS messages

In dealing with high data volumes of GTS messages, MEDS does an initial decode of all message traffic on the GTS to abstract the above message types on a daily basis.  This initial software examines the structure of the message to ensure that it is composed of the proper character groups, that there are no illegal characters, that identifications match known values and other similar checks.

Within this same initial process, individual fields are examined to check if values lie within acceptable physical parameter ranges.  Date and time fields are checked for valid entries.  If they are not valid, an error flag is attached to the value.  Parameter range checks have also been implemented at this stage.  For example, Air Pressure: Value between 940 and 1060 mb.

If there are problems in a message, the entire message is sent to an error file.  This file is examined by one of MEDS staff to try to correct obvious coding and transmission errors.  If such a correction is not possible the group in which the error occurs is deleted.  For example if it is impossible to know when or where the data were collected, the entire message is deleted.  Our experience has shown that less than 0.25% of messages received have errors that cause them to go to the error log, and of these, even fewer have errors requiring deletion of the message.
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3. b) Quality control of ocean profile (JJXX, KKXX, NNXX) data

Because ocean profiles can be grouped as independent time series of observations for each call sign (ship) or profiling float, these data are further examined three to four days at a time to detect and flag other types of errors, and thereby raise the quality of these real-time data archives.  Three to four days has been found to sufficient to provide a convenient time series for these parameters and shows up anomalous values fairly readily.

For ocean profile data, MEDS has adopted an approach which displays the data as plots of ship or profiling float tracks, as well as subjectively viewing individual data profiles.  The interactive software allows trained personnel to review and flag the data, or correct values where obvious. Typically, results of the QC procedure are the setting of flags or making corrections where data illustrate instrument failures and human errors in reporting position and time.
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The more subtle inaccuracies such as those caused by instrument noise, or signal processing algorithms, and whether or not the observation is representative of the ambient conditions (by considering errors due to small scale variability, or inherent randomness in convective water flow) are apparent in this system.  Automated tests have tolerances which allow for these inaccuracies.  Profiles are viewed with historical climatologies for the specific area and time frame of the individual observation.  The technician quite often spots problems and flags these where values go beyond reasonable bounds.

These series of techniques and procedures are documented in more detail in IOC Manuals and Guides #22.

3. c) Quality control of drifting buoy (ZZXX) data

Because drifting buoy data can be represented as independent time series of observations for each individual buoy , these data are further examined one month at a time immediately after the end of each month to detect and flag errors, and thereby raise the quality of these real-time data archives.  One month is used because of the volume of data processed and that this gives a convenient time series for these parameters and shows up anomalous values fairly readily.

The individual buoy tracks, inferred drift speed, sea level pressure and sea surface temperatures are displayed on a graphics terminal.  The drift speed is calculated from pairs of positions and times.  It is not uncommon for these to be unrealistically high due to errors of reported position or time.  The sea surface temperatures are compared visually against a climatology file to indicate when observed values are more than 3 standard deviations from the climatology.  Both the sea surface temperature and sea level pressure series are examined for spikes.

The operator can make use of other interactive features of the software to isolate duplicate messages received from one or another originating source on the GTS, identify messages which are responsible for unrealistically large drift speeds, or find data values responsible for spikes in either temperature or pressure.  By isolating these data values, he sets quality flags which are attached to the message and declare what parts of the message are considered suspect.  The data are not altered at this stage.  These quality flags are carried through subsequent processing and stored with the data archives.

4.  AVAILABILITY OF DATA

The ongoing studies conducted by many countries in regional and global climate programmes, combined with the ease with which data may be coded and inserted within the GTS system, has resulted in an exponential increase in availability of in-situ marine observations.  These observations, reported as GTS messages, are available to anyone connected to the telecommunications network.  Insertion of new data is made on a voluntary basis at the discretion of the principal investigators and the data are therefore deemed public.  Responsible data centers such as MEDS have volunteered their services to quality control and make the reported data more readily available to anyone who has a need for these data.  MEDS also offers its services as an insertion point to principal investigators for putting new data onto the GTS.  

Access to the current and historical quality controlled data is provided via the Internet by each of the responsible data centres.  For MEDS drifting buoy archives in particular, this is provided via their web site at www.meds-sdmm.dfo-mpo.gc.ca and links to other similar data sets are provided.  Another option is to send a request for data and information via e-mail directly to services@meds-sdmm.dfo-mpo.gc.ca
MEDS has a variety of users who wish to receive these data as soon as possible.  Most users are prepared to wait until after the duplicates resolution and the final quality checking occurs.  MEDS divides the data into individual client areas of interest and sends these data via ftp or other means upon request.

There are a number of other monitoring and reporting activities that MEDS carries out on a monthly basis.  These include reports about the GTS bulletins under which data circulate and which co-operating node received which data.  MEDS also reviews the data looking for systematic problems at source and sends a notification out to operators informing them of noted problems.  MEDS also monitors the history of notification to identify platforms that consistently have problems in data collection.  A monthly hardcopy report of real-time oceanographic observations available is distributed to clients who request it.  Included in the latter report is an analysis of oceanographic features for the north-eastern Pacific Ocean.

5. CONCLUSION

Real-time processing of oceanographic data has dramatically changed the working structure of MEDS.  Traditionally, a National Oceanographic Data Centre like MEDS was focused mainly on processing delayed-mode data received from national scientists when all observations were completed.  The time delay of this kind of processing used to take months to several years.  With real-time processing, this time delay has shrunk to hours.  That is, the data become available within hours (sometime minutes) after the observations have been made.

One of the most important impacts caused by this processing is the significant change in role of the National Data Centre from a passive role to a more active role in the forefront of the data processing loop. Data centres are no longer at the end of the processing chain, but play a leading role in providing access to the data.  A recent example of this is the role played by National Data Centres in large scientific experiments such as the World Ocean Circulation Experiment (WOCE).

But just as importantly, this new procedure has significantly improved the timeliness of receiving the observed data at the data centres.  This fact is true not only for real-time but also for receiving the higher precision delayed-mode data.

During the recent years, as the real-time processing of data has become more and more used, the delay in receiving high resolution data in MEDS has shrunk.  For example, for the 1990-98 period it took on the average 4 years to receive 75% of the delayed-mode data, while it took only 2 years to receive close to 80% of the data during 1995-98.  There may be other causes influencing this reduction of delay time but the fact that the data have been processed and made available at least partly in real-time provides a better service to the marine community.

This paper has also demonstrated the fact that the quality control effected on real-time oceanographic data has increased during the later years and because of this, this type of data is now used routinely in numerical models either to calibrate them or to provide the forecasts needed.  It is our opinion that with the advent of new global observing programs like GCOS and GOOS, this trend will increase in the future, to the benefit of the overall marine scientific community.
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