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1 Introduction

In April 1960 the first successful weather satellite was launched. It was equipped with television cameras and magnetic tape recorders to provide images of weather patterns. Since then life has become unthinkable without the benefits derived from (operational) earth observation. 

In 2002, about 60 observational satellite missions were operating and in the next 15 years up to 90 more missions are planned (CEOS, 2002). With regard to the expected global changes and the associated impacts, earth observation from space becomes even more important. Many areas of our earth are remote, hostile or even inaccessible, making regular monitoring impossible. Satellite data is the key to obtain the needed data from these areas. It is precisely its non-intrusive nature that is an advantage for monitoring e.g. in the context of environmental compliance. The spatial aspect of the synoptic coverage of large areas or large scale phenomena is important, as well as the temporal component: the opportunity of measuring the same or different places with the same sensors on a long term basis. Thus, high quality data sets with the positive attribute of comparability can be achieved.

Within the Baltic community satellite data is used not only for regular monitoring but also for operational purposes. It is the aim to extend the use of NRT-data, make the data accessible for institutions within the PAPA community that have been deprived from the access and find new ways for the joint and high degree of utilisation of the available data. The use of satellite data for operational oceanographic purposes was first established in Sweden in the late 1980ies. Since 1991/92 the BSH, the DMI and IMGW have included remotely sensed data into their operational routines. Five years later IOPAS and NWAHEM took up the work with oceanographic satellite data.

2 Preparatory Work

In September 2003, at the PAPA expert meeting in Warnemünde, WP3.5 was first addressed. The title of the task is “Evaluation of the near-real-time satellite data” and comprises following subtasks:

3.5.1 Evaluation of the satellite stations with direct access

3.5.2 Development of a list of products which can use the RTD directly of indirectly

3.5.3 Plan for the access in operational mode of satellite images in coastal areas

3.5.4 Establishing links of satellite data analysis centres for PAPA-INFO

3.5.5 Dissemination of information and results

(taken from: PAPA WP3: PAPA-OBS Implementation Plan)

Jouni Vainio from the ice service at FIMR was elected head of this task. As a first approach a list was compiled covering the current use of satellite data in the Baltic area. Seven of the 15 PAPA members claimed to have access to near real time data, with NOAA (United States’ National Oceanic and Atmospheric Administration, currently operating 16 meteorological satellites) being the most used source of satellite data. It was discussed which information would be relevant for the evaluation, e.g. data specifications, tools, products or means of transmission. About the latter, benefits and drawbacks were addressed in more details. To compare prices for transmission it was considered useful to define a unit. The future use of telephone connections for data transmission is believed to become cheaper although the transmission of large amounts of data might remain comparatively expensive.

It was generally agreed on using the successful approach of the quality assurance evaluation in the framework of PAPA, meaning the placement of a questionnaire in the internet (password protected) with successive storage of the date into a database. For more details, please refer to Badewien, T. and S. Krüger (2003). The satellite database should then be used for the evaluation and analysis and act later as a source of data on the interactive web-site.

3 Method and Data

At the BSH and FIMR a questionnaire was developed addressing eight aspects:

1. General information and contact details

Next to the general overview, it is important to have a contact person which can later be addressed in satellite matters.

2. Access to satellite data

Here, not only the access of near real time data is asked for but the general use of satellite data within the community. 

3. Details on transmission

Ideally, data transmission has to be reliable and fast but it is also connected to costs. The survey delivers information on the different transmission models that are in use and experience concerning the connections.

4. Interpretative tools

The most important question here is to what extent the processing of satellite data is standardised and which costs are involved.

5. Description of satellite data or channels

Which of the sources from the large variety of available data is actually used in the community? 

6 Resulting products

A compilation of the resulting products was the goal of the block of questions. To develop future strategies, it is important to sound out the diversity or overlap of the products existing for the Baltic area.

7. Costs involved

Statements about financial obligations that may occur for the data, the transmission or in the data processing.

8. Opinion and outlook


A space to express plans or visions as well as statements on existing systems.

All institutions involved in the PAPA project were asked to fill in the questionnaire. Those who are currently not using satellite data were thus given a platform to express their views and plans in order to evaluate the potential or possible synergy.

The user interface of the questionnaire can be viewed at http://gotland.bsh.de/, a screenshot is depicted in figure 1.
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   Figure 1: User interface of the satellite evaluation questionnaire

After the form provided in the satellite evaluation user interface had been filled with the required information it could be submitted. Via a mailing programme it was sent to the BSH and further submitted to the FIMR. Security restrictions on the hosting server at the BSH inhibited direct mailing to both institutions. Therefore the form was forwarded manually. The questionnaire site has a link to an interactive map (Figure 2) which provided a summary of the information given at the expert meeting in September 2003 in Warnemünde (referred to as “state of the art”). Pointing the mouse to the indicated dots representing the institutes receiving satellite data on a map of the Baltic Sea area, parameter icons light up in colour. Two text field show an abstract of known details on the source of the satellite data. The parameter icons represent satellite products which are explained by keywords in a legend underneath. A click on a particular parameter in the icon field or legend returned a map displaying the institutes that deal with the particular products. Summarised, the basic information given by this site is both – parameter and site oriented.

The interactive map was designed as an auxiliary tool for the satellite experts in order to check quickly whether the information given so far was erroneous or incomplete.
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   Figure 2: Interactive map displaying product parameters and some




      basic information about satellite data receiving stations.

For flexible data management, a database was created for the received information on the satellite data. It was chosen to set up a MySQL database which consists of nine tables holding all information given by the PAPA members.

After the release of the questionnaire on the 10th of May 2004, most of the institutes responded within a fortnight. Six departments filled in the form in June 2004 and two more in the following two months. Two additional questionnaire forms were received in January 2005 on explicit request. This became necessary, as the analysis of the data showed discrepancies to the preliminary information that had been gathered. Because at some institutes more than one department is involved in processing satellite data, a distinction on this level to allow for the fact had to be established. In the database, 38 different variables (185 entries overall) are stored, which can be retrieved, coherently grouped and presented in tables from the password protected web-site: http://gotland.bsh.de/papa/Sat_Eval/sat_eval_index.html. A screenshot of the site is depicted in figure 3.

On the interface one can choose between five thematic groups and can choose to retrieve either information from all institutes (i.e. departments) or select one of the department from the lists. Analogue to the structure of the questionnaire site a graphic interface can be accessed from this page which now presents the comprehensive list of products, information on availability (i.e. cost statements) and more detailed information on the data source and tools. It can also be accessed directly at: http://gotland.bsh.de/papa. A screenshot of the new web site is displayed in figure 4. Clicking the symbols on the right side returns a map indicating the institutions where products are developed as well as a list on the right hand side. As a complementary, a click on the map returns a list with information on satellite products, internet addresses and costs on operational products.
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   Figure 3: Satellite database user interface 
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   Figure 4: New interactive map for the display of product parameters and 




      detailed information about satellite data receiving stations.

In the following paragraph, the current contents of the database are outlined. Tables are presented that hold the stored variables and some additional information. The second row of the tables holds the total number of entries for the particular variable.

( Institutes and Departments
Variable
Institute (full name)
Institute (abbreviation)
Country

Number of Entries
15
15
15

Variable
Name of Department
contact person
telephone number
email
Access to satellite data?
Is the data free?

Number of Entries
19
19
19
19
19
16

The FIMR is represented with three departments using satellite data, SMHI and BSH by two each. Three institutes claim to have no access at all to satellite data.

It was distinguished between three possible types of access to satellite data, direct, indirect or both. Direct data retrieval was mentioned only once, indirect access seven times while the possibility of both is the most common with eight references.

The majority of institutes use data that is free of charge, four departments pay fees.

( Data sources

Ten satellites missions were mentioned from which data is currently used for different products, the number of references are given in brackets: NOAA (14), Terra (8), Aqua(4), Envisat (4), SeaStar (3), Jason-1 (1), Meteosat-7 (1), RadarSat (1), ERS (1), Topex (1) (both ceased).

The satellites are equipped with a number of instruments of which those that find application in the PAPA community can be classified into four instrument types: Imaging multi-spectral radiometer (visible/infrared), imaging radar, radar altimeter and ocean colour radiometer. The different names of the instruments, the according type and their description are stored in one table of the database. The imaging multi-spectral radiometers (vis/IR) are used to observe the earth’s surface as well as its atmosphere. They provide a large number of possible parameters, comprising surface temperature for sea and land, snow and sea ice cover. Nevertheless, the measurements are limited to clear weather conditions – the penetration of clouds and rain are not possible. The next group of instruments, the imaging (microwave) radar, have the capability to penetrate clouds and provide data even at night-time. Among important ocean data that can be derived from the backscattered signal are surface waves, fronts, eddies and oil contamination. The data is particularly important (near real-time application) for operational purposes like wave or sea-ice forecasting. The use of radar altimeter data is mentioned twice in the PAPA community but activities have ceased at one place in the meantime. The non-imaging instruments provide e.g. information on significant wave hights, sea level, lateral extent of sea ice, iceberg altitude as well as ocean, land and sea floor topography. With their very narrow detection channels, ocean colour radiometers measure the radiance leaving the marine waters in the visible and near IR spectrum. The data gathered allows inference about suspended matter, marine pollution or biological productivity (CEOS, 2002; Morgan, 2002).

Variable
Name of instrument
Type of instrument
Description

Number of Entries
11
11
11

The most used data are those from NOAA’s AVHRRs, belonging to the group of imaging multi-spectral radiometers. This type of instrument has 14 entries in the database. Data from Modis, a moderate resolution imaging spectroradiometer (ocean colour instrument) is claimed to be used at eight departments. All other sources are mentioned only once or twice.

Of the parameters that are targeted, SST, the sea surface temperature is by far the most important. Some institutes gave information on what specific channels they are using for yielding the desired images. But as comparatively little information was given on the channels, no further statement is made on that matter.

Variable
Target Parameter
Channels

Number of Entries
31
16

( Data transmission

Variable
Type of transmission
Costs
Benefits
Drawbacks

Number of Entries
22
7
11
11

Of the nineteen departments that have answered the questionnaire, two did not state the type of transmission for the satellite data. The most common type of satellite data transmission in the PAPA community are via FTP or internet which were mentioned six and five times respectively. If transmission via satellite was stated, it could be associated to the use of near-real time data. Telephone connections are used at two departments for data transmission. Statements on costs that are involved in the transmission process were relatively scarce. Only one institution claimed to have significant expenses for satellite involved data transmission, while internet or FTP connections were regarded as low or even no cost. Especially the data transmission via internet or FTP were considered to be fast and efficient.

( Products

Variable
Name of Product
Description
Product free of charge?

Number of Entries
38
22
36

38 products are currently generated around the Baltic Sea. The sea surface temperature is the most common parameter which finds its appliance in various products (e.g. maps). Sea ice products, attributable to the climatic circumstances in the Baltic area, are of course essential. All countries around the Baltic Sea have an ice service to which satellite data is important. Thus, the PAPA members do not obligatory deal with ice products, except when they are directly involved with the services. Images of chlorophyll a or algae bloom distribution are significant products and are in operational mode in the summer season at the SMHI and SYKE.

4 Discussion

All three institutes that are currently not processing satellite data, have interest in using such data. The CMR and MIG commented that (their) operational products (particularly models or forecasts) would improve through satellite data, while the use of near real-time data is less important at the UL, but an easy access to SST or chlorophyll a data within a fortnight would be a great improvement for their data interpretations. SYKE was the first institute from the PAPA community to provide satellite SST data in their FTP-box. The described service is seasonally, ending in early November and is resumed again in May.

Eleven from fifteen departments use free data sources. From the statements given in the questionnaire it can not be derived to which conditions a fee for the data is connected. 

Ten different satellite missions are specified as data sources. The use of data from American missions (NASA and NOAA) is noticeable. Next to a number of international co-operations, there are also a series of European missions but the data seems hardly to be used in the Baltic area. It should be examined if there is a certain reason existing for this behaviour. 

When the data access is executed in a near real-time mode, a direct satellite transmission is involved. For fast and uncomplicated transmission the internet or FTP is frequently mentioned. Telephone connections seem to be in the retreat and the use of alternatives, like the regional meteorological data communication networks (RMDCN) which is planned to be applied at the DMI, are exceptions. As an FTP network among the member institutes has been established within PAPA, an intensified data exchange can be extended to satellite data. Through the measures taken during the installation and testing of the FTP system all members have gained experience in including the technique into their operational routines, thus a regular provision or retrieval of satellite data can be set up without much effort.

As mentioned above, the use of free satellite data is common, half of the products are charged for though.

There is a great demand for RTD data in the PAPA community. It is expected to significantly improve a number of products (including models) through the assimilation of the current data. One of the most important parameter for assimilation is SST, which was mentioned several times. Experience from the DMI showed that model results improved significantly (~0.5°C root mean square) through the measure. Ocean colour products and phytoplankton bloom are also expected to improve by the employment of RTD data. It was stated that the standard algorithms for ocean colour products are not one-to-one applicable (due to the high concentration of yellow substance, Klein, 2005, pp.). At the IOPAS, a nationally funded project “Development of satellite method of the Baltic ecosystem monitoring” tackled these problems. Turbidity algorithms have been developed by the Helsinki University of Technology too. They will be implemented for operational use at SYKE. As there have been other activities in recent European Projects (CoastWatch, Revamp), it is worthwhile examining whether the results can be applied in the Baltic region.

Sea ice related products are in general produced within a short time (e.g. at FIMR, 2-4 hours after the satellite pass), yet the frequency of spatial coverage has been criticised. A higher frequency (or more data sources) could lead to better ice charts, superior data in climatological databases and improvement in ice model results.

5 Recommendations

The findings described in the satellite report at hand were presented at the PAPA OBS expert meeting in March 2005. The recommendations are a compilation of the resolutions passed at the meeting and various comments of PAPA members:

Foundation of a new BOOS project group

· Next to the already existing project groups in BOOS (Sea level, SST, Waves, Algae Bloom and Transports) a new project group shall be established dealing with satellites matters. 

· The group should commit itself to the direct contact to the relevant organisations (ESA, EUMETSAT, BNSC, CNES, DLR Rosaviakosmos or CEOS) and ongoing projects as well as participating at conferences and represent the BOOS communities’ specific interests.

· The group shall ensure the continuation of the developing service including the data distribution. Additionally, the satellite activities within BOOS should be followed and co-ordinated in order to prevent double work.

Transformation of the PAPA satellite web site from a pure information site into a portal

· The satellite database, currently featuring a comparatively rigid query structure shall be extended with more flexible query functions. 

· The access for registered members shall be made possible in order to alter and update their data.

· Links to sites of interest will be provided and a table will be presented which corresponds to table 2 in the section below.

· Optionally, the emerging networking structure can be documented.

· In case the site is made more public, the steering group will decide on how to handle the personal data (e.g. contact person, email address etc.)

Establish a common pool for satellite images and data

· For the development of the satellite network and products it was necessary to distinguish between satellite data that is free of charge or liable for costs. It was found that it is mandatory to have an overview of the exact terms and conditions under which data can be considered as free (scientific, non-commercial). Evaluation on that subject has been initiated.

· Programmes and images that fall under the category of free data will be gathered in a common pool. Here, use will be made of the FTP boxes where one special directory will be dedicated to the satellite data.

· In an FTP network data provision in operational mode can easily be realised. The data pool in combination with the created database and web site are the main components of the networking system.

Definition of target areas

· Pomeranian Bight : Due to the shallowness of the Odra Bank and the existence of the MARNET station in the area, it would be feasible to examine SST data. 

· Gulf of Gdańsk : Sediment load entering the gulf and the subsequent distribution of the suspended matter would be an excellent application for optical satellite data. The IMWM provides products based on optical parameters, although not operationally. As case studies have been made at IOW for a similar task, (confined to the German coastal area) a co-operation could be initiated. 

· Darss Sill: investigation of the surface current variability across the Darss Sill using altimetry data.

· Gulf of Finland: area of considerable pollution and prone to intensive algae blooms. Additionally, there is a high risk of oil pollution due to increasing ship’s traffic (new oil terminals). Another aspect is the regular ice coverage in winter and its consequences for shipping.

6 Tables

Table 1: time intervals between the measurement and completion of products. One box unit represents approx. one day, For exact dates refer to the commentary.

Institution
Delay, temporal availability of data and products
Product

FIMR
1-2 d
from screening by Modis, 1 h to receive data
Algae



within 2-4 h (operational)
Ice



IMWM
1-3 d
 (on request, non-operational)
SST



6-9 d
(on request, non-operational)
Ocean Colour



IOPAS
2 weeks embargo, RTD only for special projects

div. data





BSH
















Not stated



DMI

within 2-4 h (operational)
SST



SMHI
















Not stated



SYKE

within 2-4 h (operational)
SST



within 2-4 h (operational)
Algae



within 2-4 h (operational)
Chlorophyll



within 2-4 h (operational)
Turbidity

Table 2: Institutions, products, type of access to satellite data and missions involved. Please note that the numbers in chapter 3 “Data Sources” correspond to missions referenced in connection to products and differ from the number of satellite missions given in this table. Green shading stands for free data or product, red indicates that data or products are subject to charge.

SST
Ice
Altimeter
Waves
Chlorophyll a
Algae
Susp. Matter
Optical Params
Clouds
Oil
Direct 
Indirect
No access
Data free?


Institution
Measured Parameters
Access

Satellite Missions

BSH










(
(


NOAA, Envisat, Meris

CMR












(



DMI










(
(


NOAA, Jason-1

FIMR











(


NOAA, Aqua, Terra, Envisat, Radarsat

IMWM










(
(


NOAA, Aqua, Terra, SeaStar

IOPAS










(
(


Terra, SeaStar

IOW











(




LEGMA











(


NOAA, Meteosat7

MIG












(



MSI











(


Terra

NWAHEM










(
(


NOAA, Terra

RDANH











(


NOAA, ERS, (Topex)

SMHI










(
(


NOAA, Aqua, Terra

SYKE











(


NOAA, Terra

UL












(
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8 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

LEGMA
Latvijas Vides, ģeoloģijas un meteoroloģijas aģentūra



Latvian Environment, Geology and Meteorology 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

Other abbreviations:

ESA
European Space Agency

EUMETSAT
European Organisation for the Exploitation of Meteorological Satellites

BNSC
British National Space Centre

CNES
Centre National d’Etudes Spatiale

DLR
Deutsches Zentrum für Luft- und Raumfahrt

Rosaviakosmos
Russian Aviation and Space Agency

CEOS
Committee on Earth Observation Satellites
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