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Preface

The principal objective of this book is to introduce for the first time a new interdisciplinary science
comprising remote sensing and oceanography—regional satellite oceanography. The author’s
intention is to describe the development of up-to-date satellite oceanography using the systems
analysis approach and to review, in this context, the plans of the former USSR to create the Earth
Observation System with its oceanographic segment.

Satellite imagery in visible, infrared and microwave bands and side-looking radar images will be
shown to be a reliable source of scientific and managerial information for the oceanography of
regional seas, environmental monitoring of coastal zones and marine-oriented elements of the
national economy, provided that the satellite data are properly processed together with relevant in
situ data, and the results are presented in formats suitable for end-users.

A brief review of world activities covered by the term ‘regional satellite oceanography’ will be
given, and some results of a more detailed case study of the Baltic Sea will be presented, with a
forecast of the future development of the activities in ‘Baltic Europe’ in the European context.

The book is addressed to academic members of the remote sensing and oceanographic
communities, regional and local authorities dealing with the marine and coastal environments and
industrial development on coastal zones, to those who, in various ways, are involved in the
monitoring and control of the activities in regional seas, exclusive economic zones, offshore and
nearshore zones, to experts working for various national equivalents of ‘coastguard’, ‘seawatch’,
‘coastwatch’, and the relevant segments of national navies. The book may also be of some interest to
historians of science and technology.

It is assumed that the reader is already familiar with the basics of remote sensing and at least
knows that among many oceanographic parameters quite a few can be determined using various
spaceborne instruments operating in different bands of the electromagnetic spectrum. (The problems
of integrating remote sensing in electromagnetic radiation with remote sensing based on marine
acoustics are beyond the scope of this book.) Those tools can be ‘passive’—just looking at the sea
and collecting solar radiation transformed within the upper layer of the sea and/or reflected from
the sea surface—or they can be operated in ‘active’ mode—in this case they themselves transmit
electromagnetic waves down to the sea surface and analyse the response signal.

A matrix is presented showing what oceanographic patterns, phenomena and features can be
recorded, analysed, determined and studied using different types of satellite instruments
(Figure 0.1). This matrix was compiled by the author specifically in the context of regional satellite
oceanography using the design approach often used by NASA and NOAA decision-makers (see,
e.g., Sherman 1993).
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Figure 0.1 Matrix of satellite sensors and marine application area for regional satellite oceanography. Those
sensors capable of providing useful data for a certain application area are indicated by a cross (x).

Many books have been published in which the basics of remote sensing have been presented,
including:

¢ the physics of the interaction of electromagnetic radiation with various substances and surfaces,
including sea water and the sea surface;

e corrections for the atmosphere (effects occurring when the radiation from the sea surface presses
through the atmosphere to a satellite);

together with descriptions of satellite-borne sensors design, explanations of the basics of digital
telecommunications, presentation of algorithms for satellite data processing and relevant procedures
for image analyses and pattern recognition. When these topics are covered in detail, there is, in some
books, no room left for comprehensive applications of the analyses to particular areas. In some



books the oceanographic applications of satellite imagery are just mentioned, along with other areas
such as land use, forestry, geology, hydrology, etc.

So it was not the author’s intention to include in this book either the basics of remote sensing or
the instrumentation of satellites with explanations of sensor performance. I have tried to avoid
discussion of general processing procedures of satellite data, as nowadays they have been discussed
thoroughly elsewhere and have become common knowledge. In advanced regional satellite
oceanography many algorithms and software packages are used as modules and no longer contain
any peculiar features. In this book the emphasis is set on the discussion of how to tackle these
prefabricated modules of satellite data processing (which are becoming mere standard products),
and on how the regional and local peculiarities of the sea regime or meteorological conditions
should be accounted for.

Hence here to a large extent a geographical and marine science- and servicesorientated
presentation will be offered. Bearing in mind that the sea is a dangerous place, and that the
temporal variability of the state of the sea is very high, the operational side of satellite data
processing, analysis and use is considered, where appropriate.

While writing this book, several times I found myself thinking that I was inevitably comparing
certain aspects of the activities in regional satellite oceanography elsewhere with those in my
country. Thinking it over, I came to the conclusion that, after all, it was quite natural that I should
try to share my knowledge wherever it seemed plausible, because I know first-hand what the
situation in this area in the former USSR was, and is today in Russia; and it seems reasonable to
inform the world remote sensing and oceanographic communities about certain features of satellite
oceanography in the former USSR. It is probably my mission to broaden the horizons of members of
the relevant communities in this particular topic, bearing in mind that information on the past may
be useful in the course of development of regional satellite oceanography in other countries. Lessons
have to be learnt! Both positive and negative results are still results, and it is possible that after this
pioneering book some other may appear presenting an insight from the inside on various aspects of
the development of science and technology in the former USSR, where a tremendous amount of
manpower and resources has been invested in various programmes, and the time now seems
appropriate to assess whether the objectives of those projects have actually been achieved.

I called this book Regional Satellite Oceanography for a good reason. In the mid-1990s, the term
‘regional’ acquired yet another meaning, different from the original sense of ‘of a region’. The wave
of regionalisation rolled over Europe in the 1990s. The former Yugoslavia fell to pieces, the 15 former
‘union republics’ of the former USSR anxious to break their ties with the Centre became independent.
Even some ‘autonomous republics’ and ‘oblasts’ (first levels of territorial and administrative division)
of Russia attempted to get a kind of independence from the Centre. Moscow had become by that
time the symbol of the Centre, the omnipotent, omniscient monster giving orders... It seemed that
striving for decentralisation and regionalisation in the world became the mark of the end of the
century, perhaps the end of the millennium.

When, a decade ago, I was thinking of the title for the new interdisciplinary science (and now for
the book), regional satellite oceanography seemed to me to reflect the real situation, not only
because it deals with regional marine applications of satellite data, but also because it highlights the
domination of regional needs over the demands of the Centre, though the new preference is
accompanied by regional responsibilities and the need to base one’s activities on regional resources
and local facilities.



What kind of process occurred in the former USSR in relation to remote sensing applications to
marine science and services? The overcentralised system (the Agency/Committee for
Hydrometeorology and Monitoring of the Environment located in Moscow, the Moscow Main
Satellite Data Acquisition Centre, the Moscow Centre for Remote Sensing) for a number of years
proved to be unable to provide regional users with the required satellite information and even with
raw (unprocessed) data. Regional users searched for a way out. When it became possible for them to
receive AVHRR NOAA data on the spot, using simplified home-made autonomous data acquisition
stations, when the scientists were able to schedule themselves what satellite data to receive, when to
record, what to store—a miracle happened.

Regional users felt that they did not need Moscow services any more or, to be more precise, the
centralised services appeared no longer to be the only source of satellite data, and Moscow stopped
being the only monopoly feeder. It turned out that it was possible, if there was a will, to get a lot
more satellite images than the haughty and pompous Moscow could ever give, and the air of
freedom gave the oceanographers self-confidence. There appeared, within the constraints imposed
by the available technological facilities, a series of regional investigations, a wave of publications in
the top magazines of the former USSR on various topics in the oceanography of the Baltic Sea. That
is what was actually the AVHRR scanner data directly transmitted in APT mode from the NOAA
series of satellites! And not only for us in Leningrad, but also for our colleagues in Sevastopol,
Odessa and Kerch on the coast of the Black Sea and for operational fishery companies in the seas of
the Pacific near the Russian coast who have been using the NOAA data for years.

Another aspect of the problem was the inability of the Centre to render the regions any
methodological expertise and assistance. What recommendations of the Centre could be effective in
solving regional problems, in studying regional oceanographic phenomena and processes? The
leading role here was the region’s, as the sea-truth data were collected in the region by regional staff
on the regional network maintained by regional offices. Besides, the central institutions had much
better computers and other facilities which at a certain stage led to a sharp contrast with the
technological level of regional organisations where the real experts and users worked. (It is
worthwhile to note that Moscow is situated a thousand kilometres from the nearest sea.) So even
the advanced digital procedures worked out in the Centre could not have been implemented in the
regions because of the lack of hardware. The Centre has definitely made a lot of mistakes, and those
mentioned above were just a few of them, but they definitely caused tension between the Centre and
the regions; and probably these notes can be related to other work, not only to satellite
oceanography.

Because of the deterioration of the national economy there remained for Russian oceanographers
fewer means to study the world ocean as a whole, fewer opportunities to take part in the
international scientific co-operation on, e.g., global climate change issues. It become impossible to
run cruises to oceans on ‘big white steamers’ with very poor equipment. The State Oceanographic
Institute (Moscow) lost its research fleet: when the Ukraine declared its independence of Russia, the
research vessels located in the harbour of Odessa on the Black Sea appeared to be abroad.

So through force of circumstances and particularly because of economic constraints, the
oceanographers of the former USSR tend to concentrate on the regional problems of their regional
seas. Thus scientists in the former USSR found themselves in the situation typical of the rest of the
world, namely, when people are much more concerned with the state of their region, their sea, their
bay, than with the probably intriguing, but remote, global problems. It is the responsibility and the
privilege of a few prosperous states to deal with global issues.
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Regional satellite oceanography originated a decade or two ago as a scientific and technological
response to the requirements of marine sciences and the growing activities in the regional seas and
coastal zones of oceans worldwide. This interdisciplinary science has passed a difficult period of
childhood and it becomes more and more mature with time. Satellite oceanography of the seas or
regional satellite oceanography has indeed become an effective instrument of marine research and
marine-based branches of the national economy.

That is why I am sure this book will attract its readers.

S.V.Victorov
Sheffield—Dunblane
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CHAPTER ONE
Oceanography and remote sensing

1.1
Satellites and oceanographers

1.1.1
Introduction

Thinking now—in the mid-1990s—of this rather philosophical issue, I believe it is worthwhile to
recollect one article which appeared in Russian in 1982 in some not very widely known proceedings
and therefore, most probably, it was not noticed anywhere except in the former USSR (Victorov
1982). In this article entitled Satellite oceanography: definition, state-of-the-art and prospects my
views on satellite oceanography as such were summarised. Those views were shared by a group of
influential experts and civil servants and therefore actually reflected the then-accepted national
policy on the ways in which satellite oceanography should have been developed.

The late 1970s saw the first reaction of the world oceanographic community to the new era in
ocean sampling, an era that had been prepared by the general development of remote sensing and
was actually opened up by Seasat—the first satellite totally dedicated to oceanography.

In those years many scientists tried from various standpoints to understand the real meaning for
oceanography of new tools for ocean sampling, the true place for remotely sensed data among
conventional measurements. Many authors tried to understand those specific features of satellite
oceanography that made it a distinct part of remote sensing of the Earth. They discussed the current
development of this interdisciplinary branch of science, analysing its first achievements, the
obstacles in the way of further development, and put forward their perspectives on the methods and
technical facilities of satellite oceanography (Nelepo 1979, 1980; Novogrudskij et al. 1978; Fedorov
1977, 1980; Allan 1979; Apel 1977; Nierenberg 1980; Szekielda 1976).

In my article I tried to explain to the Soviet audience (and especially to decisionmakers) why
satellite oceanography could not be considered merely as the study of the world ocean from space.
In my opinion, satellite oceanography at least at that time (and probably not only in the USSR) should
have been considered as a multi-disciplinary science and many experts in various branches of science
should have been contributing to its development.
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1.1.2
Difficulties in development of satellite oceanography

While analysing the development of remote sensing of the Earth from space in the 1970s, Allan
(1979) pointed out that the then contribution of satellite-borne data could be estimated as modest.
Nierenberg (1980) wrote: It is difficult to explain why the development of spaceborne
oceanography was so slow, it is difficult to understand why so little attention is paid to this topic (in
the world there is only one data acquisition and processing station designed in the interests of
oceanography and not a single oceanographic satellite)’.

There were special conditions for the general development of space-based sciences in the world in
the 1970s but an analysis of these conditions lies far beyond the scope of this book. Furthermore I will
not discuss here the managerial aspects of scientific development (though I consider them as a top
priority in many cases). Rather, I would like to list the reasons why the real contribution of satellite
information to the understanding of physical, chemical and biological processes in the ocean was
relatively small, as explained in Victorov 1982:

1. For the study of many phenomena and processes oceanographic information should be four-
dimensional (three spatial coordinates plus time) while remote sensing in principle is sounding
of the surface. (Only remote sensing utilising the electromagnetic spectrum will be considered
here, though some authors include hydroacoustics in remote sensing.) Knowledge of
interconnections between processes occurring at depth and their manifestations at the surface of
the ocean is insufficient.

2. Remote sensing methods of obtaining oceanographic parameters are intrinsically indirect.
Relationships between the characteristics measured by satellite and the parameters generally
accepted by oceanographers are not at all unambiguous. Methods of obtaining truly
oceanographic parameters are still to be developed.

3. “Signals’ reaching the satellite from the sea surface are altered in the Earth’s atmosphere. The
input into the signal from the atmosphere in many cases exceeds the ‘useful’ signal from the sea.
There is no current information about relevant characteristics of the atmosphere, including sea
aerosols.

4. The accuracy of oceanographic characteristics determined by satellites is still lower than that of
conventional iz situ measurements. To exclude ambiguity and increase the accuracy of satellite
measurements by means of various types of corrections one should carry out synchronous
measurements of many parameters of the marine environment and atmosphere. The carrying
out of such measurements is a very complicated task, however.

5. Clouds prevent the gathering of regular time series of measurements in very informative bands of
the electromagnetic spectrum, i.e., in the visible and infrared (IR). The non-regular character of
satellite data prevented many oceanographers from considering satellite data as a self-consistent
source of knowledge about the ocean.

6. Deep intrinsic differences between remotely sensed information and conventional oceanographic
information (e.g., the well-known problem of the relationship between radiative temperature
and thermodynamic temperature) and, in addition, the new form of data presentation (two-
dimensional as opposed to traditional ‘cross-sections’ and ‘stations’) did not encourage the use
of new data. One must confess that there are no well-developed methods of adaptation of two-
dimensional, linear and point measurements. The development of methods for assimilation of
satellite data is in its initial stage.
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7. Moreover, multichannel satellite sensors with wide swaths started producing such tremendous
amounts of data, that ‘traditional’ oceanographers in traditional oceanographic institutions
simply could not handle it.

It soon became evident that the then existing pure oceanographic institutions were not able to
process the information flow likely to come from satellites. For example, the transmission rate of the
radar on-board satellite Seasat was expected to be 15-24 Mb s~! and 25-30 Kb s~! from the other
sensors (Nagler and McCandless 1975). This meant that a few days of operations with this satellite
would yield more data than the science of world oceanography had collected since its origin.

The enormous gap between the potential of modern space technology in providing oceanographic
(or quasi-oceanographic) data and the real abilities of the oceanographic community to accumulate
this information was one more piece of evidence that initially there was no systems analysis
approach to the problem of remote sensing of the Earth.

It was pointed out (Victorov 1982) that regular and operational satellite oceanographic
information may be obtained only if there existed a whole system consisting of satellites, ground-
based systems for data acquisition, processing, analysis and dissemination, and operational systems
for sea-truth data collection.

1.1.3
The role of oceanographers in the design and development of satellite
oceanographic systems

At the start of satellite oceanography some experience of remote sensing applications in the Earth
sciences already existed. This experience and the analysis of difficulties and obstacles in the way of
the development of satellite oceanography (given in brief above) provided strong evidence in favour
of a systems analysis approach to the design and development of technical means and methods of
satellite data collection, processing and use. This approach meant the simultaneous design of
technical equipment, including satellite payload, ‘ground-satellite-ground’ radio links, data
acquisition systems, a ground computer centre for satellite and iz situ data processing, databases of
satellite and in situ data, an in situ data network and packages of methods, algorithms and software
for the general and problem-oriented processing of data, and editing and dissemination of output
products with user-friendly interfaces.

Figure 1.1 shows the four main logical components comprising this system and modern satellite
oceanography (as it was seen in the late 1970s). This figure will be used to illustrate the then
proposed role of oceanographers in designing, testing, tuning and running the operational system.

Activities concerned with satellite payload were supposed to include:

working out recommendations of the types of remote sensors and their characteristics;
investigation of the informational capabilities of the sensors;

studies of various modes of remote data collection;

working out recommendations for payload development.

In carrying out these studies an important role was to be played by experts in numerical modelling of
various aspects of remote sensing collection. Using the existing and newly developed models of the
interaction of electromagnetic waves with the sea surface and models describing the formation of
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‘Sea-truth’ Satellite
test areas payload

Complex tests of all the system components,
selection of methods and algorithms, tuning of
software, development of output informational

products formats

General Oceanography-oriented
processing processing of
of data information

Figure 1.1 The main logical components of an oceanographic satellite system, illustrating the role of
oceanographers in its design and development (after Victorov 1982).

electromagnetic radiation from the sea, one was supposed to estimate parameters of electromagnetic
radiation from the sea at the upper boundary of the atmosphere at various physical parameters of
the sea surface. Vetlov and Johnson (1978) stated that it could allow one to:

¢ estimate the range of radiation characteristics to be measured;

¢ determine the sensitivity of the characteristics to be measured in relation to the range of
characteristics of the atmosphere and underlying surface;

¢ optimise the number of spectral channels in various bands;

e test various methods of solving inverse problems of radiative transfer.

At the final stage of complex tests of the system (the central box in Figure 1.1) the suggested modes
of remote data collection should be studied and various options tested. A comparison of remotely
sensed data with those collected at the test areas could permit the examination of the informational
capabilities of each sensor, of sets of sensors and of the payload plus downlink as a whole.

‘Sea-truth’ test areas were considered as a part of the operational system providing iz situ data for
the calibration of the payload and for tuning the software. The activities under this heading were
supposed to be as follows:

e design and set up of a test areas network;
¢ studies of oceanographic climate in these areas;
e selection of ‘test sites’ within the test areas;
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¢ optimisation of the network (what sensors to use, where to locate them, etc.).

Oceanographers were meant to work out scientifically based recommendations for the location of test
areas (polygons) and dedicated test sites within them taking into account geographical position,
hydrological and meteorological climate and the natural variability of various parameters within
test areas on various time-scales. Oceanographers were also supposed to participate in the
development of methods of data extraction and the complex analysis of information obtained at test
areas from sensors located on different carriers—aircrafts, ships, platforms and buoys (Victorov
1980a; Drabkin et al. 1982; Ismailov 1980).

Sea-truth information collected at the test areas and stored in databases was meant to be used
mainly for the development of a satellite oceanographic system. But these test areas, regularly
providing considerable volumes of oceanographic and meteorological data, could have been
considered also as self-consistent sources of time series of oceanographic information for
conventional studies of regional seas.

Complex Oceanographic Subsatellite Experiments (COSE) were intended to be an essential part
of activities at test areas providing additional measurements on non-routine bases (see below).

All the sensors that were to be used for in situ measurements at the sea-truth test areas were
supposed to have special metrological certificates. In their turn test areas could have been used for
the development of metrology of remote sensing applications in oceanography.

General processing of data was supposed to include:

¢ working out the principles of dividing the world ocean into regions (in rank order of priority), so
that these could be used in the general preliminary planning of the work of the satellite payload;

¢ problem-oriented planning of the schedule for each sensor (or group of sensors);

¢ working out the structure and content of in situ databases.

The first two items were meant to provide measurements at different time intervals and with
different spatial resolution of data for different regions of the ocean and coastal zones.

Oceanographers were to have played an important part in the oceanography-oriented processing
of information, i.e., in:

¢ the development of methodology, algorithms and operational software for processing the
information;

the running of the ‘computer-oceanographer’ interactive processing system;

the development of multiparameter processing (to attempt to obtain synergetic effects);

the working out of flexible user-oriented formats of output products;

the editing of output information (using knowledge bases and expert systems).

All the above-mentioned main logical components of the system were supposed to be assembled at
the stage of complex tests of the system. The main objective of these tests was to study to what
extent the data collected by satellite sensors, down-linked to Earth, processed and analysed in the
ground-based computer centre, were comparable to oceanographic information collected by
conventional tools and methods. In the course of these investigations possible errors could be
detected and the necessary corrections could be introduced in all the links of the ‘measurement—
communication—processing—analysis—presentation—dissemination’ technological chain. Complex
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tests of the satellite oceanographic system could have been regarded as the actual start of the process
of obtaining large-scale oceanographic information on a regular basis.

Thus participation of oceanographers in many activities was supposed to be vital for the design,
development and running of the system. Moreover, since carrying out all the above-listed activities
was essential for the development of satellite oceanography, a group of these activities appeared to
constitute the core of this interdisciplinary branch of science at that period.

I am sure that the actual development of satellite oceanography could have been more successful
and could have produced more fruitful results earlier, provided that the above scheme had been
realised and the oceanographic community had played its role according to the suggested scenario.

In general the issue of ‘satellites and oceanographers’ is interesting from both a managerial and a
historical point of view and it has only been touched on here. It is important to state that
oceanographers were supposed to play an important role in the design and development of satellite
oceanographic systems as indicated in the above scheme. This ‘ideal’ scheme was never realised
either in the former USSR or, to my knowledge, elsewhere.

The actual development of satellite oceanography in the world followed another path. Alongside
the carrying out of a wide range of methodological studies aimed at the creation of an Earth
observation system (including an oceanic component), the 1980s saw the appearance of a quite new
phenomenon: the transition to practical implementations of satellite data in oceanography without
waiting for the properly balanced development of all constituent parts of satellite oceanography and
in the absence of dedicated truly oceanographic satellites, not to mention a satellite oceanographic
system.

1.2
Regional and global satellite oceanography

The new phenomenon of practical implementation of satellite data in oceanographic research, first
in the form of pilot projects (in the absence of operational or even experimental truly oceanographic
satellites), could become a reality due to:

¢ new knowledge of the actual informational capabilities of existing satellites and sensors initially
meant for land applications;

¢ the coming of new experimental sensors;

¢ technological development leading to the design of rather simple ground-based (and later ship-
based) systems for acquisition of satellite data directly transmitted down to Earth in APT
(Automated Picture Transmission) mode, which made this information available for various
categories of users;

e progress in the design of computer-based image processing facilities;

e fascinating progress in the development of personal computer hardware and software.

These aspects of the new phenomenon were probably common to many parts of the world
oceanographic community. For the former USSR Complex Oceanographic Subsatellite Experiments
(COSE) became another and very important constituent part of satellite oceanography. Initially they
were meant to provide a practical test of methods of satellite data processing and to check the
results of their analysis. Later COSE were used as a tool for regional marine-science-oriented studies
of regional seas (see below).
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Being ‘free’ and forced to develop beyond the framework of a non-existent satellite oceanographic
system, world satellite oceanography obviously showed a tendency to split into two branches,
namely Global Satellite Oceanography (GSO) and Regional Satellite Oceanography (RSO).

By definition (Victorov 1988a, 1989b, 1990a) regional satellite oceanography (RSO) is a branch
of remote sensing, which is based on satellite imagery analysis and deals with processes and
phenomena mainly in the seas, coastal zones and separate parts of the ocean, while global satellite
oceanography (GSO) deals mainly with processes and phenomena in the world ocean as a whole.
Nowadays, RSO is often focused on environmental problems, while GSO concentrates on global
climate change and relevant projects.

RSO and GSO differ in their specific features within the whole spectrum of modern satellite
oceanographic activities, namely, in:

the requirements for raw satellite data;

the configuration of satellite sensors and their modes of operation;
the algorithms and methods of satellite data processing and analysis;
the means of sea-truth data collection;

the configuration of databases;

the capabilities of links for data transmission;

users with their requirements and ‘standards’;

the formats of value-added output informational products;

output products dissemination systems.

Let us discuss briefly these specific features and differences between global satellite oceanography
and regional satellite oceanography.

1. Requirements for raw satellite data. Along with the list of oceanographic parameters to be
determined, these include coverage, spatial resolution, frequency of taking images, and delay in
data delivery. The fact that these requirements are quite different for RSO and GSO is obvious
and Table 1.1 gives the reader a general idea of those differences. We will discuss this issue in
more detail later; now it is important only to note that these differences lead to specific features
and peculiarities in all the other aspects.

2. Configuration of satellite sensors and their modes of operation. This issue includes not only the
list of sensors but the structure of the payload (sensors, data storage, communication facilities,
etc.). In many cases, to meet the requirements of regional satellite oceanography it is more
important to provide a direct data transmission mode rather than to store data on board, while
global satellite oceanography requires just the opposite. It is also important to bear in mind the
different requirements of the two while planning operations, especially when the same sensor is
used to collect data for RSO and for GSO. For example, in coastal areas you may use fine
spatial resolution of a sensor while in the open ocean the data may be averaged. One may also
consider the problem of optimisation of payload taking into account the requirements of both
RSO and GSO.

3. Algorithms and methods of satellite data processing and analysis. These will differ not only
because the principal requirements for raw data and output informational products differ but
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also due to the different amounts of in situ data that can be used. The complexity of numerical
models and data assimilation schemes, and thus computer facilities, are also different.

4. The means of sea-truth data collection. These data are supposed to be used for verification of
algorithms and validation of software meant for satellite data processing, for estimation of
errors in the determination of oceanographic parameters, and for ‘calibration’ of satellite data.
It is clear that in problems of regional satellite oceanography it is possible to collect more in situ
data of higher quality for a certain area for a given period and provide their operational usage.
The existing meteorological and hydrological networks can be used to collect in situ data in
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coastal areas. In some areas information from the coastal guard can also be made available.
Offshore gas and oil platforms are used to collect oceanographic and meteorological data.
Availability of in situ data helped to obtain more reliable and more accurate satellite
information for the problems of regional satellite oceanography.

5. Configuration of databases. Databases for the problems of RSO and GSO are different due to
the remarkable differences in the spatial and temporal dimensions of datasets and in the types of
numerical models used in the two branches of satellite oceanography.

6. Capabilities of links for data communication and output product dissemination systems. In
many countries it is still a severe problem to provide delivery of satellite data to various
categories of users. Many users involved in regional satellite oceanography need high-resolution
imagery (gulfs, bays, coastal waters, offshore areas) daily with allowed delivery time of 3 hours,
while weather forecast services may need lower spatial resolution data with global coverage
twice a day, and climatologists seem not to be concerned about delivery time at all. Thus the
total length, structure and capability of links for delivery of satellite data and/or value-added
products may differ considerably when we deal with operational RSO and GSO.

7. Users with their requirements and ‘standards’. For global satellite oceanography a few (often
unique) scientific centres are the main users. These centres have high-technology facilities
providing processing, analysis and storage of large volumes of data. These centres are
networked with national and international satellite data acquisition stations. Regional satellite
oceanography is oriented mainly towards users dealing with regional and local problems, and
their total number in a certain area may reach a hundred. Their technical facilities may be
rather modest (if any), and thus some of them require informational products more or less ready
made for their purposes without additional processing. Some of them require just raw satellite
data but pay great attention to the delivery time. Hence regional satellite oceanography has to
plan its activities based on, inter alia, autonomous satellite data acquisition stations meant for
receiving satellite data directly transmitted to Earth and covering the region of interest for a
number of users or for a single user. These simplified inexpensive stations should provide
processing, storage and (possibly) dissemination of data among the local users. Local
administrative boards, institutions, research vessels and fishery ships are also the typical end-
users of satellite data on a regional scale. In recent years various boards responsible for
monitoring and control of the marine environment have also become users.

Regional satellite oceanography as a branch of science should take care of this kind of user
and provide them with methods, software, instructions and manuals matching their
requirements and taking into account their current level of expertise, their facilities and human
resources.

8. Formats of value-added output informational products. If one centralised system provides data
and services for many users it should meet their requirements and offer a variety of output
informational products. It is obvious that users of different categories require different types of
output informational products. GSO users usually have a limited and stable list of formats.
Users in regional satellite oceanography are more flexible and may require a variety of formats.

To conclude this comparison of RSO and GSO let us state that global satellite oceanography is
comprised of the above-listed technological aspects of satellite oceanography applied to general
problems of large-scale thermohydrodynamical interaction between ocean and atmosphere, global
climate change and weather forecasting. The list of problems covered by GSO includes the
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monitoring of the dynamics of the quasi-homogeneous layer of the ocean, the description of jet
border currents and equatorial zone variability, monitoring of the ice cover edge, and the
determination of radiative balance in the ‘ocean-atmosphere’ system. The core issue of global
satellite oceanography is the world climate research program which includes several major
oceanographic projects (WOCE, TOGA, JGOFS and others) (see, for example, Berestovskij and
Victorov 1981; Kondratyev 1987; Metalnikov and Tolkachev 1985; Nelepo and Korotaev 1985 for
an analysis of the satellite component of those programs).

Along with the above-mentioned problems of physical oceanography, another problem of the
highest priority for global satellite oceanography is the investigation of the spatial and temporal
distribution of the phytoplankton biomass in the upper layer of the world ocean.

Regional satellite oceanography may be characterised by the above-listed technological aspects of
satellite oceanography applied to localised problems of studies of oceanographic processes and
phenomena in specific conditions of each separate water area (water body). Among the problems
covered by RSO are the study of water mass dynamics within the water body, the spread of river
discharge, biological productivity in local areas, the monitoring of water pollution, the transfer of
pollutants, the interaction between coastal zone and offshore waters, ice cover morphology, etc.
There are many international projects dealing with regional seas and coastal zones, and in each of
them regional satellite oceanography plays (or should play) an important role. This role will increase
with the development of the actual capabilities of RSO.

The natural splitting of satellite oceanography into regional satellite oceanography and global
satellite oceanography could probably have been argued for more strictly on a quantitative basis.
With this purpose in mind I tried to use the approach developed by Kondratyev and Pokrovsky
(1978) and Kondratyev (1983). These authors studied the problem of optimisation of the satellite
payload meant for observation of the Earth. They tried to optimise satellite sensors by spectral band
and by spatial resolution. All the problems of observation of the Earth from space were divided into
four groups (hydrology, geology, forestry and agriculture, oceanography). It is interesting to note
that for oceanographical problems the list of requirements for the location and number of spectral
intervals for spectral band 0.3-2.6 m km only consists of 102 items. For the systematic description
of all the requirements for spectral characteristics the so-called ‘data vectors’ with 54 dimensions were
used. For the description of the requirements for spatial resolution and other parameters of
observations 73 ‘data vectors’ with 89 dimensions were used. The authors could not get accurate
and unambiguous results. Kondratyev (1983) pointed out that due to the arbitrariness of the
requirements for parameters of observations and non-representative data on spectral reflection of
various natural objects the results obtained should be considered as merely methodological. While
respecting attempts to construct idealised schemes, in my review of satellite oceanography in the
former USSR (Victorov 1992a) I had to state that ‘though many articles have been published with
scientific recommendations on the types of sensors to be launched and their optimal spectral
characteristics, in my opinion no significantly new suggestions have ever been put forward. At least,
if these suggestions were made they have not been implemented’. Nevertheless, the results obtained
by Kondratyev and Pokrovsky (1978) appeared to be interesting from another viewpoint, namely as
an additional argument in favour of my concept of regional satellite oceanography.

In fact,

(A) in the course of the optimisation of sensors for four groups of problems (hydrology, geology,
forestry and agriculture, oceanography) it appeared that problems of oceanography as a whole
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could hardly be co-ordinated (in terms of spectral intervals, spatial resolution and other
observation parameters) with those of the other three groups, and

(B) some of the problems of oceanography (those I call problems covered by global satellite
oceanography) could be fairly well co-ordinated with problems of hydrology and geology, while
the rest could be co-ordinated with problems of forestry and agriculture (problems covered by
regional satellite oceanography).

This seems to show the internal structure of a set of oceanographic problems and once more leads
us to the concept of regional satellite oceanography as a branch of science dealing with a certain
number of those problems.

1.3
The concept of regional satellite oceanography

It was pointed out in Section 1.2 that the requirements for satellite information (meaning both the
raw satellite data and value-added output satellite-data-based informational products) are actually
the basis for the splitting of satellite oceanography into regional and global. Hence it is worthwhile
to discuss this point in more detail. Table 1.1 was first published in 1988 and was actually drawn a
couple of years before. The ‘Regional’ column contained the author’s estimates of the requirements
for satellite information based on the then existing (and known to the author) regional problems.
For the ‘Global’ column the requirements from the Tropical Oceans and Global Atmosphere
(TOGA) Programme were cited as a typical example.

To give the reader an idea of the up-to-date formally stated requirements I would like to present
Table 1.2 (Report 1995). This table contains requirements worked out by international boards and
may be regarded as guidelines for satellite oceanography. The ‘Application’ column refers to the
modules of the proposed Global Ocean Observing System (GOOS) likely to become operational in
the 2010s. The following GOOS modules exist on paper:

C) climate module;

L) living marine resources module;
Z) coastal zone module;

H) health of the ocean module;

S) ocean services module.

(
(
(
(
(

It is worthwhile to note that by May 1994 requirements were worked out only for the climate and
ocean services modules. The latter is meant for marine forecasts; it should be operational and the
listed requirements are actually the values meant to be used in operational numerical models. The
second column from the left gives ‘regional/global’ coverage and may be referred to regional and
global satellite oceanography.

Some figures in Table 1.2 are still under discussion and may be regarded as preliminary. Some
questions arise when one looks at this table (for example, why are the requirements for sea surface
temperature the same for both regional and global coverage when it is doubtful whether the
numerical models capable of assimilation of 1 km resolution data exist?). It is clear that the three
GOOS modules (L), (Z) and (H) still missing will yield a lot of additional requirements, which will
probably make it possible to discuss the updated requirements in more detail in future. But what is
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important now is that (a) the estimated requirements listed in Table 1.1 are in good or reasonable
agreement with those in Table 1.2, and (b) the requirements worked out by international boards of
experts and listed in Table 1.2 do actually refer to two different sets of oceanographic problems,
i.e., regional and global, which supports my initial idea of distinguishing between regional satellite
oceanography and global satellite oceanography.

Moving now to regional satellite oceanography let us remember that practical interest in its
development was based on and can be explained by:

e activities in coastal zones all over the world;

¢ accessibility of satellite data directly transmitted down to Earth;

e abilities of regional institutions for tackling comparatively small amounts of satellite data on a
regional level;

e availability of in situ data within the region.

These items seem to be common for many countries. While in the former USSR, as mentioned above,
Complex Oceanographic Subsatellite Experiments (COSE) were the triggers for the development of
regional satellite oceanography. Those COSE used simple satellite data acquisition stations to obtain
information for the regions for which large amounts of a priori (historical, archived) data already
existed. The first oceanography-sounding results obtained helped us to understand the crucial
importance of three components needed to carry out regional oceanographic research with
involvement of satellite information:

¢ own (independent of unreliable centralised system) source of satellite data;
* own in situ datasets;
e knowledge of ‘own’ region.

(The last two items were later called the database and knowledge base components of Geographical
Information Systems (GIS).) Understanding of this fact meant one more step towards reinforcing the
regional accent in satellite oceanography.

A methodology for the study of regional seas, based on complex involvement of all the available
satellite data, in situ and a priori information, was being developed by Victorov (1984a, 1986a). In
these papers the basics of ‘satellite marine science’ or ‘regional satellite oceanography’ had already
been presented. It is important to note that along with practical activities in regional satellite
oceanography the methodology of complex satellite monitoring of the seas was being developed in
the former USSR (Victorov 1985). The concept of regional satellite oceanography as a science and
as a consistuent branch of remote sensing was presented by Victorov (1988a).

A methodological concept of RSO in the context of complex satellite monitoring of the seas was
presented in brief by Victorov (1985). This concept formed the basis of complex studies of the Baltic
Sea carried out by the Laboratory for Satellite Oceanography and Airborne Methods at the State
Oceanographic Institute, St. Petersburg, Russia in the 1980s and at the beginning of the 1990s.
These studies will be presented in detail in Chapter 5.

Now let us consider our concept, illustrating each item, where appropriate, with examples relating
to the Baltic Sea. The scheme in Figure 1.2 helps to outline the discussion.

The general methodology of regional satellite oceanography can be presented in the form of four
modules each consisting of a number of items (operations).
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The first module of RSO methodology deals with the working out of general approaches to

studies of a given regional sea or water body. It consists of the following operations:

1. analysis of general problems relevant to studies of a certain sea;

2. selection of the principal problems crucial for studies of this sea;

3. setting priorities for these problems.
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‘—-Ll. Preliminary stage )

Analyses of general problems of a certain sea (or part of this sea);
Selection of most important problems;

Priority nomination;

Working out the strategy of studies based on satellite data (SD);
Selection of current and future studies.

—"LZ. Collecting information for current studies )
|

Regular SD managing;
Data storage in data banks;

Managing of complex subsatellite experiments, synchronous and
quasisynchronous in situ data.

——-( 3. Data processing and analyses ) <+
J

Using routine technology (RT), including algorithms, hardware and software;
Analyses of RT restrictions;

Account of regional peculiarities;

Development of new technology;

Synergetics approach.

‘—DL4. Use of informationﬁf

—— Direct use in marine research; ¢————
— Direct use in marine technology; «
— Assimilation in traditional marine sciences; €—
—- Operational use in cruise researches. %

Figure 1.2 The methodological concept of regional satellite oceanography: sequence of operations (Victorov
1988a).

When starting this work it is natural to use the expertise of oceanographers who professionally
investigate the sea in order to obtain their assessment of these three issues.

To illustrate these statements let me remind the reader that several generations of Baltic
oceanographers have discovered that the hydrological, hydrochemical and hydrobiological regime of
the Baltic Sea is governed by four interconnected issues, namely:

water exchange with the North Sea;

interaction between the water surface and atmosphere;

river discharge;

vertical and horizontal mass and energy exchange in the water depth.

Davidan (1981) listed current tasks of the Baltic Sea studies, including:

(A) development of the basic principles of numerical modelling of the sea ecosystem;
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(B) development of a primary model of the ecosystem with a hydrodynamical model being its
principal constituent part, followed by a set of more sophisticated models;

(C) studies of ‘passive tracers’ (heat, salinity, turbidity, biological and selected chemical elements
and pollutants) transport in the sea;

(D) field studies and the mathematical description of variability and inhomogenities of hydrological
and hydrochemical fields and fields of pollutants in the sea;

(E) investigation and mathematical description of biochemical processes, and studies of structural
and functional features of biological objects in the marine ecosystyem;

(F) creation of a comprehensive database and directory containing information on physical,
chemical and biological fields in the sea and their interaction.

One should note that the expert estimations of different groups of scientists and individual experts
may not coincide, particularly in ranging priorities. Sometimes it is difficult to obtain these
estimations. The problem of setting priorities is closely connected with the fourth methodological
component.

The following items characterise areas of implementation of regional satellite oceanography
methods:

4. feasibility analysis of using current and up-coming satellite data for studies of the sea, taking
into account the range of problem priorities and the possibility of combining the activities based
on remotely sensed data with conventional investigations;

5. decision-making process aimed at working out a general strategy for studies of a certain sea
based on the remote sensing technique, selection of problems that can be solved using the
available satellite data (current problems) and those problems that require new (not yet
available) satellite data (perspective problems).

Victorov (1984a) showed that remotely sensed information may play an essential role in solving
problems (C) and (D) in the list of problems of the Baltic Sea studies and also may be useful for
problem (E). It is important to note that regional satellite oceanography should have access to the
database of characteristics of the sea (under development) and in its turn be regarded as one of the
sources of information for the database and the directory (problem (F)).

Among the selected current problems, studies of dynamic phenomena—upwellings and eddy
structures (using sea surface temperature, turbidity, surface roughness and ice as tracers)—were
listed. Spring heating of coastal waters, river discharge spread and frontal zones of various origin
(generation, duration, relaxation mechanisms, fine structure) were also on the list.

The second set of methodological components is composed of technological items:

6. Satellite data management. Collection, storage and manipulation of satellite data for a certain
region. Efforts aimed at obtaining satellite data on a regular basis.

This is an essential item as unreliable sources of data may totally compromise regional satellite
oceanography. Two types of sources of satellite data can be mentioned here—centralised, from data
acquisition centres at national level, and autonomous local data acquisition stations. This item will
be discussed in more detail in Chapter 2. For now I would like just to note that if you use your own
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data acquisition facilities, satellite images from 10 orbits can be collected daily (for two satellites of
NOAA type, central and side orbits) for the Baltic region.

7. Efforts aimed at obtaining complementary satellite data.

When mentioning this item in the beginning of the 1980s I meant unconventional sources of satellite
data. Among them were data that could be obtained on the basis of international exchange, in the
framework of joint bilateral projects and also data from experimental satellites. Another source of
non-regular satellite images is the photographic satellites. For many years their data have been
classified in the former USSR but recently some of them were made available for the oceanographic
community (Victorov et al., 1993a; Lukashevich 1994).

8. Management of Complex Oceanographic Subsatellite Experiments (COSE).

These experiments should be considered as part of the more general problem of obtaining in situ
data as another stream of information flow in regional satellite oceanography. During COSE
concentrated efforts are applied in order to collect data of synchronous satellite, airborne and ship
measurements and data from atmosphere soundings and thus to obtain information on the sea and
atmosphere above the sea. Data sets are meant to develop regional methods of satellite information
processing.

The managerial aspects and scientific results obtained in a series of COSE carried out in the Baltic
Sea in 1982-87 will be presented in Chapters 3 and 5 respectively.

The third module of RSO methodology components covers activities connected with satellite and
relevant in situ data processing and analysis:

9. Raw satellite data processing and analysis based on existing methods; evaluation of their
constraints, analysis of satellite data quality; studies of the applicability of a certain method to a
given region.

As one can see, this item contains a wide range of activities some of which will be discussed in
Chapter 3. Among our studies of the problems covered under this topic I would like to mention
comparative studies of the quality of data transmitted from two satellites of the same type with
different times in orbit, and also comparison of thermal infrared data from satellites of ‘Meteor-2’
type and NOAA. To our knowledge, these studies were carried out for the Baltic Sea region for the
first time in 1982 (USSR-GDR 1985).

10. Development of new methods of satellite data processing and analysis taking into account
peculiar features of the hydrophysical fields of a given sea and meteorological conditions.

For some purposes the already existing methods and algorithms of data processing could appear
inapplicable to a certain region or could need modification. This is the item in which the essential role
of regional features in satellite oceanography seems to reveal itself in the most distinctive way. The
new or modified methods thus become regional methods and can hardly be used in another sea.

It is rather useful to assess the peculiarities of a certain sea before one starts using satellite
information in the study of it. For the Baltic Sea the cloud cover is a serious problem, thus
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restricting the use of satellite data of visible and thermal infrared bands. Cyclones can be traced very
often in this region, causing inhomogenities in water vapour distribution over the sea which may
reveal themselves as false thermal or brightness gradients in satellite imagery. Hence the analysis of
radiometric data when part of a scene is covered with clouds is not a simple problem. Bychkova ez
al. (1986a) showed that the method of spatial coherent analysis helps in some cases to decrease the
total number of ‘bad’ scenes and to increase the reliability of the results of analysis.

Another peculiar feature of the Baltic Sea is the presence of the so-called ‘yellow substance’ in
water which comes with river discharge. This prevents the use of standard algorithms of satellite
data processing developed for oceanic waters and oriented on Coastal Zone Colour Scanner (CZCS)
data from the Nimbus-7 satellite. The problem of quantitative determination of chlorophyll and
suspended matter in the Baltic using only satellite data appeared to be a difficult one. It is still far
from being solved though almost 10 years have passed since the pioneering paper by Kahru (1986).

11. Synergetic approach to data processing and analysis.

Firstly this approach means joint processing of data on a certain oceanographic parameter obtained
with various sensors, in various bands of the electromagnetic spectrum, in both passive and active
mode. Secondly, various fields (containing two-or three-dimensional patterns) of oceanographic
parameters may be ‘overlapped’ in order to derive new information about the object, phenomenon
or process under investigation.

Synergism (synergetics) as applied to remote sensing may be considered as a new advanced
methodological approach to data processing and information analysis. It will hopefully allow us to
obtain new information on a certain sea or water body as a result of joint analysis of datasets
collected with remote sensing and conventional techniques. The result obtained is associated with
the non-linear increase in its value as compared to the simple sum of the individual results brought
by each individual dataset.

Gidhagen and Hakansson (1987) demonstrated a synergistic approach to the analysis of satellite
data collected during the Baltic Sea Patchiness Experiment.

There is a European Project, ‘Synergy of Remotely Sensed Data’, which started in 1994 and
concentrated on vegetation/soil parameters with applications in forest monitoring, land use
planning, geology/pedology, and climatology (EARSeL Newsletter 1994). This project is being run
by 11 institutions, ITC (The Netherlands) acting as coordinator. To my present knowledge no
similar project in oceanography exists.

A pilot project, ‘Search for and Studies of Synergism in Remotely Sensed Fields of Oceanographic
Parameters’, was proposed by the author in 1993 and got a short-term grant from the International
Science Foundation. This project was run by the Laboratory for Satellite Oceanography and
Airborne Methods, State Oceanographic Institute, St. Petersburg.

The fourth group of methodological components of regional satellite oceanography comprises the
resulting steps in studies of regional seas based on satellite information:

12. Working out and testing methods of satellite data and satellite information usage and
assimilation in marine sciences.
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Besides psychological difficulties of understanding new information and technological obstacles for
its use (see Section 1.1) there are a number of methodological problems to be solved. There are three
areas where satellite information is being used:

(a) direct use of sets of measurements in current regional oceanographic research as a brand new
source of knowledge;

(b) assimilation of satellite information, along with traditional data and/or as a mixture of both, in
existing models of certain oceanographic and meteorological processes or in coupled ocean-
atmosphere models;

(c) operational use of satellite data in the planning of shipborne cruise research.

Fedorov (1980) pointed out that operational guidance of research vessels based on satellite data was
one of the first remarkable achievements of satellite oceanography. The direct use of raw satellite
data in environmental monitoring of coastal zones and studies of dynamic processes have been
demonstated by many authors (see Chapters 4 and 5).

Assimilation of satellite data in regional oceanographic models is also under development in some
institutions. Time series of regional satellite data seem to be not durable enough to be used for
regional marine climate studies.

13. Direct uses in marine technology.

Offshore industrial operations were probably the first and most remarkable problem area where
satellite data served as a reliable source of real-time information on the marine environment. The
working out of suitable interfaces between agencies and operators of satellites and this type of user
is a challenge for the agencies and their relevant institutions.

When we discuss the problems of operationalisation of remote sensing in general, and that of
regional satellite oceanography, this category of user should have one of the highest priorities.

The above-listed (and sometimes commented on) items show the sequence of operations that are
to be performed when applying satellite information to studies of regional seas or their parts. All the
experts and institutions involved do actually perform those operations, sometimes just intuitively,
sometimes trying to skip some of the steps. So it seemed worthwhile to present those operations in a
systematic way.

The methodology of regional satellite oceanography (Victorov 1984b, 1985) was made a basis for
long-term experimental satellite monitoring of the Baltic Sea carried out in the 1980s by the
Laboratory for Satellite Oceanography and Airborne Methods, State Oceanographic Institute, St.
Petersburg in collaboration with other Russian, German and Lithuanian institutions (see Chapters 3
and 35).

To conclude this discussion of regional satellite oceanography as a science and part of remote
sensing, let us consider in brief some basic ideas in the philosophy of science.

What are the features of a mature scientific discipline? Ogurtsov (1988) listed these features as
follows:

¢ the institutionalisation of knowledge;
¢ the existence of generally accepted ethical regulations of scientific research;
¢ the formation of the scientific community;
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¢ the existence of specific scientific publications (reviews, textbooks);
¢ the establishment of certain types of communication between experts;
¢ the setting up of professional bodies dealing with education and training.

Judging by these requirements, is modern regional satellite oceanography a scientific discipline?

In Section 1.2, regional satellite oceanography was referred to as an interdisciplinary science. But
this does not mean that we cannot consider regional satellite oceanography a scientific discipline.
Oceanography itself is an interdisciplinary science and is being developed by a union of disciplines
which is merely a reflection of the fact that ‘many of the basic questions about the ocean are inherently
interdisciplinary’ (Ocean Science for the Year 2000,1984).

One of the strongest driving forces of institutionalisation is social need. The Convention on the
Law of the Sea, accepted by many countries in 1982, assigned much of the world ocean to exclusive
economic zones where coastal states have jurisdiction over the exploitation of resources (Ocean
Science for the Year 2000, 1984). The Law supported and encouraged the coastal countries in their
efforts to study the off-shore areas and to understand oceanographic phenomena and processes within
a few hundred kilometres of their coastline. This actually gave rise to dozens of laboratories and
groups in the world dealing with coastal zone studies based on satellite data as a source of
information. In many cases the Law caused changes in general policy and practice of oceanographic
research in coastal regions; in some cases the coastal states had to use satellite data as the only
source of knowledge. So, figuratively speaking the Law of the Sea appeared to be the godfather of
regional satellite oceanography.

As for ethical regulation of scientific research in regional satellite oceanography, general rules
accepted in other Earth sciences and other natural sciences are usually applied to RSO. As a rule any
problems arising can be solved in a spirit of co-operation. Some problems with copyright, not to
mention other sensitive items, still exist in countries with economies in transition.

A scientific community has been formed and various forms of communication between experts
have been established. Many conferences, symposia and seminars on various topics covered by
regional satellite oceanography have been held in recent years in many countries.

To my present knowledge there are as yet no textbooks on regional satellite oceanography and no
special educational courses, but in recent years the Intergovernmental Oceanographic Commission
(of UNESCO) and other international organisations have made some efforts towards strengthening
regional and coastal zone aspects in the existing forms of training experts, including its satellite
component. In this context it is worthwhile to mention the computerised course described by Troost
et al. (1994).

Is this enough proof that regional satellite oceanography is a scientific discipline? I hope the
following chapters of this book will convince the reader that the regional satellite oceanography of
today is a scientific discipline (though it may not be as mature as it could be).



CHAPTER TWO
Information used in regional satellite oceanography

2.1
Introduction

In the previous chapter some requirements for satellite data and oceanographic products based on
satellite information were presented. Now we shall consider whether the satellite sensors provide the
required types of data, whether the available satellites and data processing facilities actually produce
the required informational products and, finally, whether the value-added products match the stated
requirements of the oceanographic community in terms of spatial and temporal resolution and
accuracy.

This discussion will be followed by a brief review of satellite programs providing data relevant to
regional satellite oceanography. As the information on types of satellites, particular sensors and
their technical characteristics referring to operational agencies in the USA, France, Canada, Japan
and the European Space Agency (ESA) is widespread and can be easily made available to any
interested person through hundreds of publications, numerous conferences and workshops, dozens
of booklets, brochures and leaflets, through compact disks, videotapes, etc., while the relevant
information on the former USSR (now the Russian and Ukrainian) programs, satellites and their
payloads can be picked up only in professional editions with restricted circulation, the author
considered it worthwhile to deal in more detail with the activities of the former USSR and its
SUCCessors.

Regarding the ground segment of regional satellite oceanography, the autonomous low-cost
satellite data acquisition stations meant to be installed on the coast and on ships will be mentioned
in the context of satellite data availability for regional and local users of various types.

2.2
Matching the requirements(?)

As mentioned above, there are several sets of requirements to ocean satellite data expressed by
several international organisations. In Table 1.2. draft ocean satellite data requirements were
presented (Report on Satellite Systems and Capabilities 1995) for two GOOS modules: the climate
module (C) and the ocean services module (S). Let us discuss whether these requirements are
matched by the up-to-date (or planned) satellite missions. Only regional requirements for the GOOS
ocean services module will be discussed as they are in line with the concept of regional satellite



INFORMATION USED IN REGIONAL SATELLITE OCEANOGRAPHY 21

oceanography. Thus requirements for five parameters can be directly extracted from Table 1.2.,
namely:

wind vector;

sea surface temperature (SST);
sea ice cover;

sea ice thickness;

sea ice edge.

For the sake of consistency the author has added one more parameter: water colour. The reason is
that for coastal zone studies (covered by regional satellite oceanography as a scientific discipline) water
colour is as important a parameter as SST or sea ice characteristics. Moreover, water colour, in the
broad sense of this term, is being determined now and it is probably just a matter of time before the
relevant international organisations express their opinion on the requirements referring to this
parameter. Meanwhile the author determines his values based on personal experience.

Now six oceanographic parameters will be discussed in terms of (a) feasibility of their
determination (as required), and (b) technical effort needed to meet those requirements. It will be up
to the reader to say whether these efforts are worth applying. It will be for the decision-makers to
say, in terms of costs and benefits (real costs and possible benefits), when and how those efforts will
be applied, if any.

The discussion which follows is based on the Report on Satellite Systems and Capabilities (19935)
and reflects the joint opinion of members of the Joint CMM- IGOOS-IODE Subgroup on Ocean
Satellites and Remote Sensing set up by the Intergovernmental Oceanographic Commission (of
UNESCO) and the World Meteorological Organisation.

1 Wind vector

Requirements
Horizontal resolution 10 km
Temporal resolution 6 hours
Accuracy 1.5 m s~! (speed), 10° (direction)

Assessment

Three types of satellite-borne instruments may be used: scatterometer, altimeter and microwave
radiometer. None of these instruments matches the requirement for horizontal resolution.

One dual-sided scatterometer requires about 42 hours for 95% global coverage. Hence one needs
6-8 instruments to match the required temporal resolution value. The best demonstrated (for high
wind speeds) but not typical accuracy is 1.5 m s~ and about 15°.

Altimeters showed global sampling only and regional applications need development. Two
altimeters require about 3—4 days for coverage. To meet the required temporal resolution one needs
12-14 instruments. The best demonstrated accuracy (for high wind speeds but not typical) is about
2m s~! and no direction measurement is possible.

Microwave radiometers showed 2m s~! accuracy (no direction measurement). One needs four
instruments in orbits to match the requirement for temporal resolution.
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It must be noted that if it was stated above that one needed 12-14 instruments, it means not just
this number of devices in space, but 12-14 instruments each on a separate satellite, with proper
organised intervals between overpasses of each satellite.

2 Sea surface temperature

Requirements
Horizontal resolution 1 km
Temporal resolution 6 hours
Accuracy 0.1 K

Assessment

Two types of infrared radiometers (of AVHRR and ATSR class) may be used, as well as a microwave
radiometer.

The horizontal resolution of infrared radiometers is close to the required value, while the
microwave radiometer does not match it. To meet the requirement for temporal resolution one
needs a set of instruments (satellites) whose number depends on what class of infrared radiometers
will be used, as there is a major difference between the AVHRR class and ATSR class. The latter
showed accuracy of 0.5-1.0 K with a 500 km swath, while AVHRR showed about 1.6 K. At 1 km
resolution there is no improvement by averaging.

The microwave radiometer has near all-weather capability to measure SST with an accuracy
exceeding 2.0 K. One needs 4-5 instruments (satellites) to match the required temporal resolution.

Author’s additional comments

Based on the experience gained in my laboratory, the above requirement for sea surface
temperature may be made less strict for many problems of coastal zone monitoring and
management. In my opinion, the values of 24 hours for temporal resolution and 0.5 K for accuracy
are quite reasonable and realistic.

Another comment relates to the number of instruments (satellites) actually required to match the,
say, 6-hour temporal resolution. In practice the required number of satellites differs for each region
in question, depending on the latitude. Hence the term ‘latitude band’, or something like it, should
be introduced to reflect the fact that for the equatorial regions the required number of satellites is
maximal, while for higher latitudes it is much less. For example, with two satellites of NOAA type
in orbit we managed to receive A VHRR SST data from 12 tracks daily (including central and side
overpasses) for the central Baltic Sea using the autonomous data acquisition station located at about
55° North.

3 Sea ice cover

Requirements

Horizontal resolution 10 km
Temporal resolution 24 hours
Accuracy 2%
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Assessment

SAR, microwave radiometers, infrared radiometers, visible radiometers and altimeters may be
used. All of them match the requirement for horizontal resolution (with the microwave radiometer
close to it). One RADARSAT class SAR instrument provides three-day polar coverage in 400 km
swathwidth mode, hence one needs three SAR instruments to match the requirement for temporal
resolution. The remaining four instruments match this requirement with one instrument in orbit.

SAR matches the required value for accuracy in all weather conditions; visible and infrared
radiometers are satisfactory in no-cloud situations only. The micro wave radiometer provides about
10% accuracy, and the accuracy for the altimeter needs to be studied.

4 Sea ice thickness

Requirements
Horizontal resolution 25 km
Temporal resolution 12 hours
Accuracy 10%

Assessment

The same set of instruments as for sea ice cover may be used, each of them matching the
horizontal resolution requirement (with the microwave radiometer close to it). Again one needs
three SAR instruments of RADARSAT class to match the temporal resolution value. All the
instruments show accuracies close to that required, with SAR and the microwave radiometer
satisfactory in all weather conditions, and the remainder in no-cloud situations.

5 Sea ice edge

Requirements
Horizontal resolution 10 km
Temporal resolution 24 hours
Accuracy 2%

Assessment

The same set of five instruments may be used. The assessment regarding matching the
requirements for horizontal and temporal resolution are the same as for sea ice thickness. SAR
matches the value for accuracy in all weather conditions, infrared and visible radiometers match it in
no-cloud situations, and the microwave radiometer is close to it. Additional studies are needed to
assess the accuracy of sea ice edge determination based on satellite altimetric measurements.

6 Water colour

Requirements
Horizontal resolution 1 km
Temporal resolution 24 hours

Accuracy 6 levels of concentrations
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The last requirement, introduced by the author, needs additional comments. Six (eight at the most in
favourable conditions) levels of concentration of one (dominant) or 2-3 (at the most and again in
favourable situations) optically active substance(s) are required in the range of concentrations that is
typical for the region in question. This range is actually typical for a given gulf or bay and may
probably differ from another range for a different bay even by an order of magnitude. So, this is a
very regionalised and localised requirement but it actually reflects the existing situations in many
parts of the regional seas, especially in the sites affected by human development. In general it is not
so easy to work out and formally express the requirement for accuracy for this sort of parameter
(‘ocean colour’, ‘water colour’ or ‘water quality’, ‘bio-optical parameters’, etc.). The GCOS
community has not expressed the requirement for accuracy of ocean colour determination even for
global climate observation; neither has the European team (see below).

Assessment

High-spectral-resolution scanners (of SeaWiFS class) may match the horizontal resolution
requirement, and one will need two instruments (satellites) to meet the temporal resolution value. As
even the specifications (chlorophyll, sestonic content, attenuation coefficient) are under development
it is difficult to make an assessment on matching the yet-to-be-expressed accuracy requirements. In
the author’s opinion the requirement for accuracy introduced above is flexible and may be used as a
tool in practical work with satellite data in regional environmental studies. While there will be no
universal algorithms for quantitative determination of unknown substances in the seas, the ‘six
levels of concentrations’ criteria may appear to become a suitable working tool for comparison of
different methods and techniques.

Now we pass to another source of satellite data requirements. June 1994 saw the appearence of
the document relevant to matters covered by regional satellite oceanography: Use of Satellite Data
for Environmental Purposes in Europe (Use of Satellite Data 1994). This is a final report produced
by Scot Conseil and Smith System Engineering Limited in conjunction with with DGXII-D-4 of the
European Commission and presenting the results of a two-year-long study carried out by a group of
European experts. This report is based on the data and information requirements declared by pan-
national, national and subnational European environmental organisations in terms of spatial and
temporal resolution and, where possible, accuracy. These requirements were compared with CEOS
members’ capabilities up to the year 2008. Report states that “The process that links the space
measurement with the information relevant to the implementation of environmental policy is
complex and in many cases not yet well defined or developed. Space data must be input to
geophysical and other models of varying degrees of complexity, and combined with other data from
different sources, including ground measurements’ (Use of Satellite Data 1994).

Along with this kind of obvious statement the report contains some points which are of interest
from the viewpoint of nomination of scales (here, in the European context)—the problem that was
mentioned in Section 1.2 when regional satellite oceanography was first introduced (Victorov
1988a).

The report gives some terms which ‘were adapted and defined for the purpose of this study’.

Application issues are defined as broad sectors of environmental concern, and ten issues are
mentioned, of which ‘water quality’ and ‘coastal zones’ are of particular interest for us. A set of
information requirements corresponds to each application issue.

Variables refer to the environmental properties to be determined in order to meet a certain
informational requirement. During this study about 300 variables were discussed and about 80
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‘shortlisted’ variables describing 250 scale-dependent measurements were included in the final
document. The variables are divided into five themes:

atmosphere;
ocean;
coastal zone and big lakes;

land;

small lakes, rivers and ground water.

Scale is defined as geographic extent over which information is required. Four scales are nominated,
with ‘marine’ themes covered by only three of them. Some extracts from the report follow:

European scale

e QOcean: refers to the North Sea, Mediterranean Sea and Eastern Atlantic;
e Coastal zones and big lakes: all coastal zones and big lakes in Europe.

National scale (of the order of 500000 square kilometres)
No marine or water themes.

Regional or wide area scale (of the order of 100000 square kilometres)

Coastal zones and big lakes: Baltic Sea, Black Sea, English Channel and inland lakes as well as
coasts.

Local scale (of the order of 10000 square kilometres)

Coastal zones and big lakes: selected areas.

(I was very pleased with the fair coincidence of my estimates of ‘regional scale’ and local scale’ in
the problems of regional satellite oceanography (Victorov 1988a) and those given in Report.)

In the following discussion about whether the satellite data match the expressed requirements, let
us restrict ourselves to the regional scale and consider the theme ‘coastal zones and big lakes’. (As for
this theme on the local scale the report (Use of Satellite Data 1994) expresses for most variables the
required spatial resolution of 10-30-50 m with 1 h temporal resolution (with the exception of 24 h
frequency for sea surface temperature). Hence the general comment to this section—typical for most
of the variables—states that ‘At the local level, in general, the scale is too small for space-based
measurements, although space-based data may find application in specific circumstances’ (Use of
Satellite Data 1994). The report (Use of Satellite Data 1994) lists the following variables for the
theme ‘coastal zones and big lakes (e.g., Bodensee)’:

surface topography (sea/water level height, rise);
bottom topography (water depth);

surface water area extent (lakes);

waves (height, length, period);

surface winds (speed, direction, stress);

currents (speed, direction);

sea/water surface temperature;
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¢ oil spills (extension, oil type);

¢ biological activities (chlorophyll, toxic/non-toxic algae bloom, depth distribution of macrophytes,
vegetation cover on sea bottom);

® sea water properties (colour, transparency, suspended matter).

These variables are meant to be used in the following ‘application issues’:

coastal protection;
nature and bio-diversity;
risk management;

water quality.

Table 2.1 is the author’s compressed presentation of requirements for satellite data expressed in the
report (Use of Satellite Data 1994).

As a result of an analysis of the correlation between the requirements and the CEOS space
segment provision it was stated that for the theme ‘coastal zones and big lakes’ on a regional scale
for only two variables—surface topography and surface water area extent (not included in
Table 2.1)—there is ‘close compliance between stated requirements and current instruments/
missions’ (Use of Satellite Data 1994). For the remaining eight variables the conclusion is: ‘whilst not
closely compliant, stated requirements should benefit from current or planned satellite instruments/
missions’ (Use of Satellite Data 1994).

Unfortunately, the report (Use of Satellite Data 1994) presenting two-year-long studies carried
out by a large group of experts in most cases does not specify accuracy of measurements, and there
is no assessment of the number of instruments (satellites) needed to provide coverage with the
requested temporal resolution. Hence we are expected to be satisfied with the qualitative
conclusions quoted above.

At the same time for each variable the report (Use of Satellite Data 1994) lists sensor(s) and
satellite(s) which are closely compliant with requirements and other significant data sources
(operational or planned) in the period 1993-2008.

As a result we have two different sources of analytical assessments on the requirements and the
ability of current/planned satellites to match those requirements. Both sources look at the problem
from somewhat different positions. In the context of this book (and within the framework of
material presented in this section), the WMO/IOC Document (Report on Satellite Systems and
Capabilities 19935) is a broader view from the position of a general oceanographic approach and the
operational services to be provided, while the European report (Use of Satellite Data 1994) presents
a more specified view on environmental issues. To the author’s knowledge similar feasibility studies
were carried out in the former USSR in the 1970s but their results have not been published in full.
Both documents are interesting sources of knowledge and could be considered as complementary to
each other. To conclude, it is worthwhile to notice that our concept of regional satellite
oceanography is in good agreement with recently issued documents published by authoritative
international organisations. But it is more important to note that the existing knowledge encourages
researchers to implement the current satellite data in studies of regional seas and their local parts. With
this in mind we come to actual sensors and satellites which are relevant to regional satellite
oceanography.
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2.3
Satellite data for regional oceanographic research

2.3.1
Well-publicised (well-known) sensors and satellites

As stated in the Introduction to this book, it was not the author’s intention to include either the
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basics of remote sensing nor the instrumentation of satellites with descriptions of sensor design and
operational modes. Thus in this section only a short list of sensors and satellites relevant to regional
satellite oceanography will be presented.

2.3.1.1
Instruments operating in visible and infrared bands

The family of Advanced Very High Resolution Radiometers (AVHRR) consists of AVHRR/2
instruments on current (1984-19935) satellites of the NOAA series, AVHRR/3 scanners on the next
(1994-1999) generation satellites and Visible and Infrared Scanning Radiometers (VIRSR) on future
(1997-2000) satellites of NOAA type. NOAA satellites operate on polar orbits at an altitude of 850
km with equatorial crossing times of 7:30 a.m. and 1:30 p.m.

Characteristics of the sensors are given below:

AVHRR/2 AVHRR/3 VIRSR
Spatial resolution, m 1100 1100 1100
Thermal resolution, K 0.12 0.12 0.10
Radiometric resolution, bits 10 10 12
Number of channels 5 6 7
IR calibration Yes Yes Yes
Visible calibration No No Yes
Spectral characteristics (m km):
Spectral channel 1 0.58-0.68 0.58-0.68 0.605-0.625
2 0.725-1.10 0.72-1.00 0.860-0.880
3 3.55-3.93 1.58-1.64 (day) 1.580-1.640

3.55-3.93 (night)

4 10.3-11.3 10.3-11.3 3.62-3.83
S 11.5-12.5 11.5-12.5 8.40-8.70
6 10.3-11.3
7 11.5-12.5

Since the 1960s data have been directly transmitted to the Earth in APT (Automatic Picture
Transmission) mode with spatial resolution of about 4 km and in HRPT (High-Resolution Picture
Transmission) mode with resolution of 1.1 km thus providing free access to real-time information
from two satellites always in orbit (Sherman 1993).

AVHRR data are the most reliable source of sea surface temperature information. This free
source of useful data encouraged many scientific groups throughout the world to start their analysis
and implementation. The role that AVHRR on NOAA played in the development of regional
satellite oceanography cannot be overestimated.

Since 1985 there was no source of sea colour data in orbit. Thus the oceanographic and remote
sensing communities are very interested in the successful launch of the SeaWiFS (Sea-viewing Wide
Field-of-View Sensor) instrument on the SeaStar satellite. It will be operated by the private company
Orbital Sciences Corporation (OSCQO), USA. The instrument will be launched into a Sun-
synchronous, near noon descending equatorial crossing orbit with an altitude of 705 km. The
spatial resolution will be 1.1 km at nadir in local area coverage (LAC) mode within a 2801 km
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SeaWiF$§
Wavelength, nm CZCS
402-422 (Gelbstofle) 423-443

433-453 (Chlorophyll absorption) —
480-500 (Pigment concentration) —
500-520 (Chlorophyll absorption) 510-530

545-565 (Sediments) 540-560
660-680 660-680
745-785 ¢t (Atmospheric aerosols) 700-800
845-885

swathwidth. In global area coverage mode the instrument will have a swath-width of 1502 km at
the equator and a spatial resolution of 4.5 km. (For comparison, the only flown instrument of this
class, the Coastal Zone Colour Scanner (CZCS), had a spatial resolution of 823 m in a swathwidth
of 1650 km.) Tilting operations will make it possible to observe the sea in one of three positions:
nadir, aft (+20°) and/or forward (-20°). The planned channels of SeaWiFS as compared to CZCS
are (intended use is indicated in brackets):

The relative radiometric accuracy of this instrument is 4%. SeaWiFS is planned to be launched in
1995. The 1.1 km data will be transmitted in real time in a format similar to that of AVHRR HRPT
data at 1702.5 MHz. Existing HRPT stations will be able to receive the data provided that a
‘decryption’ device is purchased from OSCO. Encryption keys will be changed every 14 days. For
details of data access and pricing strategy see Lyon and Willard (1993).

In the late 1990s the Earth Observing System (EOS) as part of the US Mission to Planet Earth led
by NASA will use polar-orbiting platforms to provide monitoring of the land and the oceans. The
candidate sensor EOS Color Instrument (EOS COLOR) is basically the same sensor as SeaWiFS
(Sherman 1993).

Another instrument of the future EOS payload is the 36-channel Moderate- Resolution Imaging
Spectro-Radiometer (MODIS). Its channels 20 (centre of band 3750 nm/bandwidth 180 nm), 22
(3959/59.4), 23 (4050/60.8), 31 (11 030/500) and 32 (12020/500) are planned to be used for
determination of the sea surface temperature with spatial resolution of 1 km. The same resolution is
planned to be achieved for sea colour parameters using channels 8 (412/15) to 16 (869/15)
(Sherman 1993).

The four-channel Visible and Thermal Infrared Radiometer (VTIR) (one channel in the visible
band and three channels in the thermal IR band) on Japan’s Marine Observation Satellite (MOS-1),
determines sea surface temperature with 0.5 K radiometric accuracy and 2.7 km spatial resolution
within a 1500 km swathwidth. The satellite operates in a Sun-synchronous subrecurrent orbit with
an altitude of 909 km, inclination 99°, and descending node local time 10:00-11:00 a.m.

The eight-channel Optical Sensor (OPS) on the Japanese Earth Resources Satellite (JERS-1) has
18%24 m spatial resolution in a 75 km swathwidth. There are three channels in the visible and near-
IR band, four in the short-wave IR band and one channel is used to provide stereoscopic images.
The satellite operates in a Sun-synchronous subrecurrent orbit with an altitude of 570 km,
inclination 98°, descending node local time 10:30-11:00 a.m. and has a design lifetime of two years.

The Advanced Earth Observation Satellite (ADEOS) is a follow-on to the MOS-1 and JERS-1
satellites. It is scheduled for launch in 1996. Its payload includes the Ocean Colour and
Temperature Scanner (OCTS), a 12-channel (six visible, two near-IR, middle-IR and three thermal
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IR) instrument providing imagery with a spatial resolution of 700 m and radiometric accuracy of 0.
15 K within a 1400 km swathwidth.

Another instrument on the same satellite, the Advanced Visible and Near-Infrared Radiometer
(AVNIR), has five channels (three visible, one near-IR and one panchromatic visible) providing
imagery with a spatial resolution of 16 m (8 m panchromatic) in a 75 km swathwidth. The satellite’s
orbit is Sun-synchronous subrecurrent, altitude 800 km, inclination 98.6°, and local time descending
node 10:15— 10:45 a.m. Its design lifetime is three years.

The ADEOS satellite has three types of data transmission, including direct transmission of low-
rate data from the OCTS instrument for the local users’ terminal (Yamamoto 1993).

Many studies of the marine and coastal environment have been carried out using LANDSAT
data. The LANDSAT-1, -2, -3 MSS (Multi-Channel Scanner) instrument provided imagery in four
visible and near-IR channels with 80 m spatial resolution in 185 km swathwidth. The repetition
cycle is 18 days. The satellite, in near-polar Sun-synchronous orbit at a height of 918 km, passes
overhead at 10:00 a.m. local solar time.

The LANDSAT-4 Thematic Mapper (TM) has six channels in visible and near-IR bands providing
imagery with 30 m spatial resolution, and a thermal IR channel with 120 m resolution. The
repetition cycle is 16 days.

The High Resolution Visible instrument on the French SPOT satellite has three channels in multi-
spectral mode (0.50-0.59; 0.61-0.68; 0.79-0.89 m km) with a spatial resolution of 20 m and one
channel in panchromatic mode (0.51-0.73 m km) with a 10 m resolution and repeat coverage of
several days (Cracknell and Hayes 1991).

The future European Polar Platform will have the Medium Resolution Imaging Spectrometer
(MERIS) with 288 channels in the range from 400 to 1050 nm, 2.5 nm apart. The spatial resolution
will be 1 km over the ocean and 0.24 km over the land and coastal zones (Guide to Satellite Remote
Sensing of the Marine Environment 1992).

2.3.1.2
Instruments operating in the microwave band

The Synthetic Aperture Radar (SAR) on ERS-1 with a wavelength of 5.6 cm has a spatial resolution
of 20 m within a swathwidth of 100 km. The SAR swath covers the range from 20° to 26° incidence
angle from a 780 km height Sun-synchronous polar orbit.

A similar SAR was launched on ERS-2 in 1995.

Canada’s RADARSAT (Radar Satellite) will carry an SAR operating at 5.6 cm wavelength. The
orbit will be Sun-synchronous at an altitude of 800 km, and an inclination of 99°. Repeat coverage
is every three days with a 6:00 local time descending node equatorial crossing. A seven-mode
operational configuration is planned including;:

¢ a four-look processing mode providing a 28 m spatial resolution within a 130 km swathwidth;

¢ a high-resolution mode with 10 m spatial resolution (one look) with a swathwidth of 50 km;

¢ a SCANSAR mode providing a 100 m spatial resolution (six look) over a swath-width of 500
km.

The incidence angle can be programmed in the range 10° to 60°. The design lifetime is five years
without servicing and 10 years with servicing. The SAR can be operated up to 28 minutes in
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sunlight during each orbit. A network of ground acquisition and processing facilities and dedicated
communication links will make it possible to deliver information to end-users within three hours of
acquisition (Sherman 1993).

Among the space-based scatterometers, in the context of regional satellite oceanography, the next-
generation NASA scatterometer to be flown on Japan’s Advanced Earth Observing System
(ADEOS) satellite is worth mentioning. This instrument (designated as NSCATT) will operate at 2.1
cm wavelength and provide surface wind vectors at a spatial resolution of 50 km with an accuracy of
2 m s7! or 12%, whichever is larger, for velocity and 20° for direction. The planned swathwidth is
1500 km with a 175 km nadir gap, which will provide a 79% global wind coverage daily and a 95%
coverage every 2 days (Sherman 1993).

We conclude this section with some remarks on the selection approach and data availability from
the sensors.

Characteristics of some satellite sensors which, in the author’s opinion, are relevant to studies and
observations covered by regional satellite oceanography were given above, and deal with current
and planned activities of agencies and companies of the USA, Canada, France, Japan and the
European Space Agency (ESA). Selection was made bearing in mind the following points (for
current sources of data):

well-proven use in problems covered by regional satellite oceanography;

proven reliability and quality of data:

availability of long time series;

easier (as compared to other similar sources) access to data (price policy was not taken into
account);

and (for planned sources of data):
¢ scheduled launch prior to the year 2000.

Data from the sensors mentioned in this section are available either from operating agencies or the
appointed organisations, or through the national contact points. Cracknell and Hayes (1991)
provide a useful list of relevant addresses.

2.3.2
Sensors and satellites of the former USSR relevant to regional satellite
oceanography

2.3.2.1
General remarks

In order to help the reader to gain a clearer view of the present situation and to estimate the possible
activity of Russia and Ukraine on the international arena, where so many agencies and
organisations are currently being involved in the research and business activities covered by the term
‘regional satellite oceanography’, and in order to illustrate current abilities and future perspectives,
some milestones of Soviet satellite oceanography will be mentioned and some historical facts will
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also be included in the text, along with a presentation of the technical characteristics of current and
planned sensors and satellites.

A brief history of satellite oceanography in the former USSR was presented by Victorov (1992a).
In that paper satellites meant for (and those used for) oceanographic research and their payloads
were reviewed. Satellite oceanography in the former USSR as a scientific and technological
phenomenon was analysed. The results obtained by 1992 were compared with the objectives
proclaimed in 1977. A description of the then existing schools and teams involved in this problem
area were also presented.

My paper was a response to Professor A.P.Cracknell’s kind offer to arrange a set of presentations
by leading Russian experts on various aspects of remote sensing in the former USSR at the 18th
Annual Conference of the Remote Sensing Society (Dundee, Scotland, 15-17 September, 1992) in
order to fill certain informational gaps existing at that time. Invited lectures dealing with remote
sensing data applications in geology, meteorology, ice research, agrometeorology and oceanography
were given (Remote Sensing from Research to Operation 1992).

Accepting this offer to make a sort of review of space-based oceanographic research in the former
USSR I knew very well that it would not be very easy to give a balanced judgement of the situation
in this branch of remote sensing in my country. Still I thought the time had come to sum up what
had been done in this field of science and the way it had been done in the former USSR. Three years
ago I wrote:

This work seems to be still more timely in the light of the fact that remote sensing will further
develop on an utterly different logistic and financial basis. In this new situation some scientific
schools and research groups will just exist no more, others will be transformed; many
scientists will have to abandon research. Changes in state policies bring about a change in
correlation between fundamental and applied research, including its military aspect. Quite a
few scientific schools and industrial works which had formerly worked in close cooperation
found themselves in different independent states within the Commonwealth of Independent
States (CIS) or outside the CIS. It cannot but tell on their work and will do so in the future.
These arguments seemed to me sound enough to try to sum up an important phase in
remote sensing as applied to marine science in the former USSR. However it is somewhat too
early for a comprehensive survey on or a review of this subject for some reasons:
first—research in remote sensing has always been scattered in governmental agencies and
industrial ministries which makes it difficult to have an integral (complete) picture;
secondly—some research in such a sensitive field of science as oceanography was classified
and some of the results have not yet been published. They may never have a chance to be
published, just because of the lack of interest in those problems nowadays and
thirdly—adequate evaluation of the past is possible only after the elapse of some period of
time.

This presentation (Victorov 1992a) was meant to be the first step, just an attempt to make an
outline of a future more detailed and comprehensive paper. Three years have passed since the
publication of this paper. Unfortunately some of my forecasts on the fate of scientific schools and
research groups in the new economic situation came true, and it actually proved difficult or
impossible to save the co-operation between science teams banned by national borders. To my
knowledge no attempt to present an analysis of remote sensing developments in the former USSR has
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been made so far. I leave this task to future historians of science and come back to sensors and
satellites which formed the basis of satellite oceanography in this country.

2.3.2.2
Houw it started

Nelepo et al. (1982) stated that the first experiments in satellite remote sensing of the ocean and
atmosphere had been started in the USSR on board satellites KOSMOS-149 (Space Arrow) and
KOSMOS-243 followed by experiments on board the satellites of the KOSMOS and METEOR
series (Vinogradov and Kondratyev 1971; Basharinov et al. 1974; Space Arrow 1974). But the
formal start for development of a national satellite oceanographic system was made on 5 May 1977
when the highest authorities of the former USSR issued a decree on spaceborne observation of the
Earth. It was declared that a national system for studies of natural resources should be created,
consisting of a photographic subsystem (RESURS-F), an operational subsystem for the investigation
of terrestial natural resources (RESURS-O) and an operational subsystem for studies of the world
ocean (OKEAN-O). (RESURS is the Russian word for ‘resource’ and OKEAN for ‘ocean’; the letter
‘O’ stands for operational, and ‘F> for photographic (Foto in Russian)).

The main objectives of the system were formulated and the final technical characteristics of the
output informational products were specified. For the oceanographic subsystem the satellite payload
parameters and characteristics of the output products were similar to those of Seasat and Nimbus-7.
Those parameters were to have been achieved at the final stage as a result of the development of a
series of prototypes and experimental satellites. It is interesting to note that the module for
atmospheric sounding had to be installed on board the oceanographic satellite to provide the
necessary correction for the atmosphere of all the measured oceanographic parameters. It was
supposed that the comprehensive payload on board a heavy satellite should gain a set of valuable
informational products regularly for all branches of the national economy, for proper management
of marine resources, for monitoring the marine environment, for transport operations in the polar
regions, as well as for the navy. Figure 2.1 shows these and other sources of satellite data relevant to
oceanography (Victorov 1994b).

This encouraging programme had good financial support and attracted the attention of many
experts among the remote sensing community in the USSR. A great deal of financial resources
within the framework of the oceanic subprogramme was given to Ukrainian organisations: the
Marine Hydrophysical Institute (Sevastopol, Crimea) and the Southern Machinebuilding Enterprise
(Dnepropetrovsk) (Nelepo et al. 1982, 1983, 1986).

Two experimental oceanographic satellites with similar payloads were launched on 12 November
1979 (KOSMOS-1076) and on 23 January 1980 (KOSMOS-1151). These satellites had quasi-polar
circular orbits with an inclination of 82.5° and a mean height of 650 km. The payload consisted of
(Nelepo et al. 1982):

® a non-scanning spectrometer in the visible band (455-675 nm) with six channels 3-8 nm wide,
and spatial resolution of about 20 km;

¢ a multi-channel non-scanning IR-radiometer (9.04-18.4 m km) with 10 channels 0.135-0.325 m
km wide, spatial resolution about 25 km;

¢ a multi-channel microwave non-scanning radiometer (0.8; 1.35; 3.2 and 8.5 c¢cm) with spatial
resolution from 18 km to 85 km;
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Figure 2.1 General scope of Russian satellites relevant to oceanography (Victorov 1994b).

¢ a system for collecting information from drifters.

The experiments with these two satellites which had been carried out in the Atlantic for about two
years helped to understand the real problems and difficulties in creating the operational satellite
oceanographic system.

General outlines and some parts of the paper by Victorov (1992a) were used to prepare the
lecture on Russian oceanographic satellites (Victorov et al. 1993a) in which the programme of the
Russian Federation on satellite oceanography was considered as a set of oceanographic or ocean-
related satellite subprogrammes. It will be suitable for the reader to follow this sequence of
subprogrammes. Sections 2.3.2.3-2.3.2.8 and the relevant tables are based on Victorov et al.
(1993a).

2.3.2.3
Medium-resolution radar satellite subprogramme

This subprogramme was started by launching the satellite KOSMOS-1500 on 28 September 1983
with a side-looking real aperture radar system (Kalmykov et al. 1984) operating at a wavelength of
3.2 cm. Its real aperture antenna was 11 m long. The swath was 475 km with a ground resolution
of 1 (3) km. The first figure stands for the spatial resolution of radar imagery transmitted to
dedicated acquisition centres, while the figure in brackets shows the resolution of radar imagery
transmitted directly to simplified data acquisition stations (APT mode).
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These parameters, and the fact that it was possible to receive the data in APT mode using rather
simple receiving stations commonly used in the USSR for receiv-ing imagery from meteorological
satellites, made possible the wide use of new information for such routine and useful applications as
ice cover mapping in the night period (which is very important for polar regions) and in cloud
conditions. Other oceanographic and meteorological applications of radar imagery included:

mapping the wind at the sea surface (scatterometer mode);

tracing tropical and polar cyclones;

tracing atmospheric fronts;

tracing atmospheric internal waves;

studies of the fine structure of major oceanic currents and tracing their seasonal variability;
studies of eddies and internal oceanic waves.

A lot of articles have been published in scientific magazines after the side-looking radar images
appeared. A comprehensive presentation of the new instrument for oceanographic and atmospheric
research was given in Radar Studies of the Earth from Space (1990). This book contains many
images (though very poorly printed) of various natural phenomena in the world’s oceans and in the
atmosphere as recorded in radar imagery.

Radar imagery of the KOSMOS-1500 type was a success among the world scientific community
and users, including governmental agencies, because at that time there were no other instruments in
orbit with such an equilibrium between the swath and ground resolution. A series of satellites of
that type was launched: KOSMOS-1602 (28 September 1984), KOSMOS-1766 (29 July 1986) and
OKEAN (5 July 1988). They were also equipped with a scanning microwave radiometer and routine
scanners of the visible and near IR bands. A system for data collection from drifters was also
installed. Payload characteristics of this series of satellites are presented in Table 2.2.

Radar images and either microwave or visible images could be transmitted directly to the Earth in
a single frame. Figure 2.2 shows an example of these frames.

Unfortunately the radiophysical payload on board this type of satellite was not reliable: some
malfunctions occurred soon after the launch, or there was trouble during the planned period of
operation. For example the sixth satellite in this series,Jaunched on 4 June 1991, started
experiencing its mission degradation by September 1991. Except for data collection missions and
imagery missions, which have been normal, the satellite has an anomaly in its side-looking radar and
scanning microwave radiometer performance. It is planned to launch in the near future a subsequent
spacecraft of this type. The overall programme will continue with at least two more satellites of
OKEAN type (WMO 1992).

The seventh satellite of this series was launched in October 1994.

2.3.2.4
High-resolution SAR satellite subprogramme

Impressive images of the sea surface, similar to those from Seasat, were obtained from the satellite
KOSMOS-1870. According to Salganik ez al. (1990):

As far as it was known to the authors, for the first time the idea to use synthetic aperture radar
(SAR) on board spacecraft was put forward and the peculiarities of such systems were
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Table 2.2 Characteristics of sensors flown on the OKEAN satellite

Ground resolution Swathwidth
Instrument Spectral band (m) (km)
Side-looking radar (SLR) 32 c¢cm 1200 x 1500 450
Scanning microwave 0.8 cm 15000 x 20000 550
radiometer (RM-08)
Scanners:
MSU-M 0.5-0.6 m km 1900 1900
0.6-0.7
0.7-0.8
0.8-1.1
MSU-S 0.6-0.7 370 1100
0.8-1.1
MSU-SK 08-1.1 m km 500 1150
Non-scanning microwave 3em 12 along orbit
polarimeter 6 perpendicular to orbit
Data collection Data collection and
and relay system location of DCPs
from DCPs

considered by them in 1962, while the first article published abroad appeared in 1967... In the
1960s-1970s the prototypes of satellite SAR had been made ...but...only in 1987 was it
decided to launch the satellite KOSMOS-1870 with SAR ... By this time in the USA SAR
systems had been already launched on board ‘Seasat-A’ (1978), SIR-A (1981), SIR-B (1984)
with parameters close to those of SAR KOSMOS-1870.

There is no explanation yet why this SAR was actually kept stored in the backyard of one of the
launching pads at the Tyuratam launching site for a period of several years.

The KOSMOS-1870 satellite had an orbit of 250-280 km height with inclination of 71.9°. Its
operational swath was 25-30 km within a 200-km-wide area on both sides of nadir. The reported
ground resolution was 25-30 m (for ALMAZ, the second satellite in this pair, the ground
resolution is estimated to be 10-15 m). The operational wavelength is 10 cm. An original optical
data processing system was used in the ground facilities; quantitative information did not seem to be
available. For selected examples of KOSMOS-1870 SAR imagery see Chelomei ez al. (1990).

The very narrow swath of SAR imagery means that it could be most successfully used to solve the
problems of regional satellite oceanography (Victorov 1988a, 1990a) where detailed information
for local areas is needed.

Figure 2.3 shows an ALMAZ SAR image of the Neva Bay in the eastern part of the Gulf of
Finland, the Baltic Sea. The satellite environmental monitoring of this aquatoria will be discussed in
detail in Chapter 5. The city of St. Petersburg is located in the right part of the image; the island of
Kotlin with the town of Kronstadt is in the middle of the Bay; the flood barrier connecting the island
with the northern and the southern coasts of the Bay is under construction. (More examples of
ALMAZ and KOSMOS-1870 radar imagery will be given in Chapter 5.)
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Figure 2.2 Full-resolution frame transmitted from the OKEAN-1 satellite on 3 September 1988 (main
acquisition Centre/Moscow). A large part of the Baltic Sea is covered. The left part is the image from the
microwave radiometer RM-08 (no useful information for regional satellite oceanography). The right part is the
image from the side-looking radar. Sea surface roughness anomalies can be seen. 