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1 Introduction

Due to evident historical reasons the operational services in the different countries underwent independent developments in building their ocean monitoring networks. With the increasing international co-operations one question becomes apparent: are the collected data comparable? In order to evaluate data correctly, not only the quality of the measurement itself but all the involved procedures, like data trans-mission, processing and storage have to be considered. One subtask in PAPA (WP3.2) was the evaluation of basic data pre-processing procedures while sensor depending software was not to be regarded. Addressing the problem, the inclusion of overall data processing algorithms in order to ensure the quality of marine operatio-nal data appeared to be reasonable. A second subtask (WP3.3) dealt with the evaluation of the existing quality assurance protocols and the definition of a minimum performance level for operational systems. Due to the close relationship of the two tasks, the work was combined to achieve the objective of developing common protocols, which are defined in this project as “all steps which are necessary to assure the quality of operational data”.
2 Preparatory Work

The common protocols, as they are defined in PAPA, include all steps which are necessary to collect quality controlled operational data. The common protocols include following fields:

1. Inspection of sensors / instruments at a laboratory by using reference standards

2. Regular reference measurements during a measuring period

3. Calculation / conversion algorithms 

4. Overall data transmission

5. Data processing

6. Storage and flagging (including all quality assurance procedures)

In order to get an overview of the parameters measured and the associated standards for quality assurance (QA) used in the PAPA community a web based questionnaire was developed in spring 2003. The questionnaire was connected to a database which allows queries and data exports. The rationale for the web based principle are clearly the flexibility and instant availability of the results. Thus, the QA meta information could be collected within a short time and the inventory evaluated and analysed. The structure of the inventory is parameter type oriented and comprises hydrography, meteorology, biology and chemistry. In November 2003, the database had 224 entries, about 50% were for hydrology-related sensors. On this basis, analyses were carried out, regarding different aspects (sensor types, calibrations and reference measurements, the bandwidth of the system stability, resolution and proved accuracy (i.e. empirical). For more details, see: Design of common protocols for data collection, transmission and quality control (Badewien and Krüger, 2003). 

Three common protocols for the quality assurance of operational real time measurements for the BOOS community were derived from the analysis. In short, they are referred to as ‘best’, ‘good’ and ‘minimum performance protocols’. The categories thus also display the long term goal, the medium-term goal and the minimum requirement of the operational system.
3 Method and Data

After the common protocols were distributed among the project partners, the PAPA members were asked to conduct a self-assessment by means of the protocols’ structure. This was done by email and personal communication. From the original report (Badewien and Krüger, 2003), the common protocols were extracted and assembled into a table (1) to give a better overview of the different requirements. The different categories were colour-coded and significant differences between neighbouring categories are marked in red.

Table 1.: Summary of common protocols for quality assurance in operational systems


Best
Good
Minimum

1. Pre-conditions
Use of accurate, low drift sensors and digital outputs.

Digital data transmission 


Use of accurate, low drift sensors

Analogue /digital data transmission protocols
Use of accurate, low drift sensors 
Analogue/digital data transmission protocols

2. Pre-deployment calibration
Brand -new calibration from producer

Sensor / instrument check and calibration with reference standards at laboratory

Documentation of calibration parameters

Test of data transmission, processing performance and recording facilities
Current calibration from producer

Sensor / instrument check

Documentation of calibration parameters

Test of data transmission, processing performance and recording facilities


Calibration from producer

Sensor / instrument check

Documentation

3. Pre-deployment check
Check and comparison before deployment



4. Deployment documentation
Recording of meta information
Recording of meta information
Recording of meta information

5. During deployment comparison
Reference measurements during deployment / measuring period
Reference measurements during deployment / measuring period
Reference measurements during deployment / measuring period for sensors/ instruments with notice-able drift

6. Post-deployment check
Comparison measurements after deployment
Comparison measurements after deployment
Comparison measurements after deployment 

7. Post-deployment calibration
Sensor- / Instrument check and calibration with reference standards at laboratory. Documentation of calibration parameters



8. Data pre-processing
Automatic quality control of data Transfer to database.

Flagging
Quality control of data 

Transfer to files/databases.

Flagging


9. Data post-processing
Correction and validation by using reference / comparison measure-ments

Application of quality flags to the database
Correction and validation by using reference / comparison measure-ments

Application of quality flags to files/ databases 
Correction and validation by using reference / comparison measure-ments

Flagging /labelling of data 

10. Data presentation
User-friendly presentation of data, meta data and graphics via the web
user-friendly presentation of data, meta data and graphics


Among the project partners are five who profit from the PAPA objective to increase instrumentation and data management capacity to the same level in all participating countries by funding the appropriate technical measures and building scientific expertise. Suggestions for the increase in instrumentation were handed in to the capacity building board within WP 4 and evaluated. As an outcome, a hydrometric station was installed in Lithuania in May 2004 and should provide NRT data at the beginning of next year. In Estonia, Latvia and Poland five automatic sea level stations were modernised or newly installed and deliver data via the ftp-box system installed within the framework of PAPA. In Russia, even four sea level station are either already upgraded or are at the moment planned to be modernised in the near future. The partners involved in the instrumentation upgrade scheme were particularly asked to include the new instrumentation in the self assessment, as the chance for the implementation of the common quality assurance scheme is easiest when a new instrument or system is installed.

Some of the PAPA partners returned a general statement, some went into more detail and gave explicit information with references to different parameters or QA criteria. The answers are depicted in the following four tables. The meaning of the numbers in the first column are equivalent to the ones in table 1. The colour coding corresponds to the ranking of the common protocols also found table 1. Grey tinted fields denote that these measures are not applied or can not be described by the categories given by the common protocols. In case the elements in a column are not shaded, measurements are not conducted. No information can be given where institutes are marked in dark red as they have failed to give an answer. The institutes’ abbreviations are listed in the annex.
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        Table 2.: Performance criteria for temperature measurements
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*: A pre-check of the sensors before deployment is under 

   consideration/negotiation

**: Ship measurements are considered ‘good’

#: Ship measurements are considered ‘ best’.

+: Classification for three stations, installed in 1999, 2001 and 2004 respectively

~: ship measurements only

         Table 3.: Performance criteria for salinity measurements
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*: Ship measurements are considered ‘good’

#: Ship measurements are considered ‘ best’
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Legend:
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         Table 4.: Performance criteria for sea level measurements
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*: Two fixed stations are considered ‘good’, one fulfills the minimum

   critera.

**: Sea level measurements on IOW-Stations are informative, they do not fulfil the

     necessary sensor - and temporal sampling requirements

+: Classification for three stations, installed in 1999, 2001 and 2004 respectively

Table 5.: Performance criteria for current measurements
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*: ADCP are difficult to pre- and post-check in-situ, they apply
   an internal quality check, calibrations can only be carried
   out at the producer

~: ship measurements only

4 Discussion

The established systems have high QA standards. Most procedures qualify for the ‘best’ or ‘good’ criterion. At least if the individual steps exist at all.

In general, the pre-conditions (1.) and pre-deployment calibrations (2.) fulfil the demands in all institutes that returned answers. A pre-deployment check (3.) is often not done at all but as even without a pre-deployment check a quality assurance strategy can qualify as ‘good’ overall, it seems not to be a critical point. At one institute, the BSH, the adoption of pre-deployment checks is under consideration. Deployment documentation (4.) is mandatory at all institutions. Data comparison during the deployment of the operational sensors is only done by about half of the institutes. A post deployment check, which was considered as important by the QA experts who agreed on the common protocols, is seldomly done. Post-deployment calibrations are even less common. Only one institute (CMR) claims to do so for a single parameter.

Within the data pre-processing procedures (8.) flagging was considered as an important feature by the QA experts. In the statements of the institutes concerning this question it became obvious that flagging of data is not done on a broad scale. In the quality control often other checks are applied. Thus, the benefit of data flagging should be discussed in the PAPA community.

Data presentation via the web is done by all institutes with only one exception. Through PAPA the opportunity is used to incorporate e.g. the upgraded sea level stations that now report in a NRT-mode into the presentations on the BOOS web site.

It can be clearly seen that with the upgrades of the instruments, up-to-date proce-dures were introduced to the processes. In most of the cases the new procedures meet the criteria for an optimal data collection and handling.

5 Recommendations

The instrumentation upgrades have proved to be an adequate tool to introduce high quality data handling procedures to operational systems. This should be continued.

The gaps that can be identified in the procedures of the established systems should come up for discussion. The appropriate method of data flagging should be identified and the possible implementation discussed. The topic of post-deployment check and calibration has to be addressed.

In the report on the common protocols (D3.1) it was postulated that for the general improvement of QA methods for operational real-time measurements regular inter-calibrations among the partners should be conducted. Further on, the need for the establishment of a joined calibration laboratory in the Baltic countries was declared. Here, precise steps for the implementation have to be formulated.
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7 Annex

List of institutes’ acronyms

BSH

Bundesamt für Seeschifffahrt und Hydrography,



Federal Maritime and Hydrographic Agency, Germany

CMR

Centre of Marine Research, Lithuania

DMI

Danmark Meteorologiske Institut,



Danish Meteorological, Institute, Denmark

FIMR

Merentutkimuslaitos



Finnish Institute of Marine Research, Finland

IMWM

Instytut Meteorologii I Gospodarki Wodnej



Institute of Meteorology and Water Management, Poland

IOPAS
Instytut Oceanologii Polskiej Akademii Nauk



Institute of Oceanology Polish Academy of Sciences, Poland

IOW

Institut für Ostseeforschung Warnemünde



Baltic Sea Research Institute Warnemünde, Germany

LHMA

Valsts Hidrometeorologija Parvalde



Latvian Hydrometeorological Agency, Latvia

MIG

Instytut Morski w Gdansku



Maritime Institute of Gdansk, Poland

MSI

Tallinna Tehinkaülikooli Meresüsteemide Instituut



Marine Systems Institute, Estonia

NWAHEM
North-West Regional Administration for Hydrometeorological and Environmental Monitoring, Russia

RDANH
Farvandvaesenet



Royal Danish Administration of Navigation and Hydrography, Denmark

SMHI

Sveriges Meteorologiska och Hydrologiska Institut


Swedish Meteorological and Hydrological Institute, Sweden

SYKE
Finnish Environment Institute, Finland

UL

Latvijas Universitate


University of Latvia, Latvia
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