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PREFACE

In early 1986 the National Programme for Remote Sensing (NPRS) of the
Foundation for Research Development (FRD) announced its new structure.
The aim of this restructuring was "to stimulate the development of
remote sensing techniques" and ''to promote the application of these
techniques by taking the programme to the relevant communities and
allowing them to-express their needs within the existing frameworks for
their own activities". The oceanographic community of the existing
South African National Committee for Oceanographic Research (SANCOR) was
one such community didentified by the NPRS, and an ad hoc Working Group
was established. '

A primary task of this new Working Group on Remote Sensing in
Oceanography was the determination of the status quo with respect to
remote  sensing in the South African marine environment, and the
consequent identification of the present and future needs of the marine
community, This report summarizes the findings of the Working Group on
Remote Sensing in Oceancgraphy and further hopes to draw the attention
of the South African wmarine community to the vast potential of
oceanographic remote sensing.
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ABSTRACY

Against a background of the techniques and instrumentation available for
remote sensing din the mavine environment, this report considers the
rationale for their use by the South African marine community., Local
applications of remote sensing techniques are described and an
assessment 1is made of the status gue in South Africa with respect to
satellite reception and image processing facilities, data and data
products, as well as non-satellite dinstrumentation and manpower.
Preseni and future research and applied needs and opportunities are
identitied and linked to0 +the deployment of ocean-related spacecraft
daring the next decade. TFinally a blueprint for the future development
ol oceanuvgraphic remote sensing in South Africa is presented.

OPSOMMING

Hierdie verslag skets die agtergrond van die tegnieke en instrumentasie
beskikbaar wvir afstandswaarneming in die mariene omgewing en beskou die
beweegredes vir hul gebruik deur die Suid-Afrikaanse mariene
gemeenskap., Plaaslike toepassings van afstandswaarnemingstegnieke word
ook beskryi en 'n waardebepaling word gemank wvan die status guo in
Suid-Afrika ten opsigte van satellietontvangs en
beeldverwerkingsfasiliteite, data en dataprodukte, asook nie-satelliet
instrumentasie en mannekrag. Huidige en toekomstige navorsings- en
toepassingsbehoeftes en geleenthede word geldenlifliseer en gekoppel aan
die lansering van oseaangerigie ruimlevaartuie gedurende die volgende
dekade, Ten slotte word 'n bloudruk virvr die toekomstige oniwikkeling
van oseanografiese afstandswaarneming in Suild-Afrika voorgestel.

A




(v)
TABLE OF CONTEMTS

PREFACE

ACKNOWLEDGEMENTS

ABSTRACT /OPSOMMING

INTRODUCTION

TECHNIQUES AND INSTRUMENTATION

RATIONALF. FOR USING REMOTE SENSING 1M LOCAL MARINE SCIENCE

-LOCAL APPLICATIONS ~ PAST AND PRESENT
Aldrceraft
Satellites

THE STATUS QUO IXII SOUTH AFRICA
Satellite reception facilities
Image processing facilities, data and data products
Non-satellite instrumentation
Manpower

IDENTIFIED NEEDS
Industrial and/or applied users
Research
Education and training
Hardware, software and display

FUTURE PROSPECTS
Ocean~related spacecralt scheduled for the next decade

Local applications and gpportunities
Expansion of applications and reiinement of
existing techniques
Development and implementation of new techniques
The bronad picture
Biueprint for the future
The role of FRD

Page

iii

idd

iv

19
19
20
20
21

21
21
25
26
26

27
27
28

28
0
iz
32
34



fvi)

TABLE OF CONTENTS {Continued)

APPENDICES
I. Selected reading
11, Bibliography on South African remote sensing
techniques and their applications
IIT, Membership of the Working Group on Remote
Sensing in Oceanography and of its ad hoe
task groups
Iv, Acronyms
V. Some useful addresses and telephone/telex

nunbers

RECENT TITLES IN THIS SERIES

Page

35

46

47

48

49




INTRODUCTION

Over the last 200 years there has been a gradual broadening of our
perspective on our earth, Beginning with observations from hot-air and
hydrogen balloons in the late eighteenth and nineteenth centuries, man
realized the value of distancing himself so as to see the broader
picture. During the first half of the twentieth century aircraft
reconnaissance and photographic techniques were developed and the
science of measuring and gaining dinformation from a distance, remote
sensing, came 1into being. In the early sixties, the ability to launch
man-made satellites into orbit around the earth greatly stimulated the
development of vemote sensing techniques and an increasing number of
parameters became measurable from afar.

Satellite observations of the sea have progressed a very long way from
the first colour photographs obtained from early manned spacecraft.
Weather satellites were the first to continuously map the earth, and in
April 1960 TIR0S-1 was launched as a precursor to today's complex global
weather system. But over the years, satellite technology has evalved to
give us much more than weather observations, and, following the
developments building on TIROS, NASA launched a series of experimental
earth observing satellites called WNimbus. This series, the last of
which is Nimbus~-7, together with the Seasat dedicated oceanic satellite,
provided the first successful measurements of a number of oceanographic
and atmospheric parameters, Nimbus 7, launched in 1978 is still flying
although some sensors are no longer functioning. It uses passive
radiation reception to monitor parameters ranging from the changing heat
budget of the earth to chemical constituents in the atmosphere, and
chlorophyll concentrations wnear the ocean surface, Seasat, also
launched in 1978 demonstrated that global measurements of wind, waves,
the shape of the sea-surface and ice topography could be achieved using
an active microwave system. '

This report is concerned solely with the remcote measurement of
oceanographic parameters ifrom above the surface of the ocean, primarily
using aircraft or satellite-born instrumentation., It is addressed to
all those who study, exploit or make use of the oceans around Southern
Africa; the scientists, industrialists, coastal zone managers, engineers
and meteorologists, Over the past 25 years there has been an increased
appreciation of the present and potential roles of satellite remote
sensing 1in ocean science, and in 1987 a Working Group on Remote Sensing
in Oceanography was established under the auspices of the National
Committee for Remote Sensing (NCRS)} in cleose cooperation with the South
African National Committee for Oceanographic Research (SANCOR). One of
the prime functions of this Working Group is to make the potential South
African user community aware of the oceanographic remote sensing



techniques available, an objective in line with the new philosophy of
the NCRS +to actively take remote sensing Lo the user communities. By
summarizing the techmniques available, listing the facilities in South
Africa, and by attempting to didentify some of the local research and
applied aeeds in this report, we hope to draw the attention of the South
African marine community to the vast potential of oceanogyraphic remote
sensing both as a sophisticated technique to De used by marine
scientists to study global ocean circulation and properties, and as an
effective tool for tihe exploration, exploitation and management of our
exclusive economic zone,

The objectives of this document way thus be summarized as follows:

br ]

To 1increase awareness of remote sensing techniques amongst the South
African marine community (research, service and industry)

H

To demonstrate to them the potential utility ef remote sensing in
oceanogyvaphic applications

b

To document briefly what has, and what can reasonably be, achieved
in ihe local marine environment using remote sensing techniques

¥*

To list the remote sensing facilities available in South Africa

b

To identify needs of research and applied users

i

To provide a plan for the structured development of remote sensing
in support of marine science and industry in South Africa until the
year 2000

TECHNIQUES AND INSTRUMENTATION

There are a number of remote sensing techniques and instruments which
provide data of relevance to the oceanographic community. Almost all of
these are 1limited by the capabilities of electromagnetic radiation io
penetrate the ecarth's atmosphere and gather useful information from
orbital altitudes. 1n addition, lack of penetration into the sea limits
observations to the ocean surface or near surface, Spatial resolution
is a function of ihe instrument being used, the Tlight or orbit height,
and the data recording canabilities of the computers, with
aireraft-mounted instrumentation being ¢specially suited teo high
resplution work,

Satellite sensnys can  only measure ocean properties that give a

‘detectable signal at a distance, These are:




- colour or spectral reflectance of incident suniight indicating
presence of phytoplankton and other suspended material, bathymetry
and coastal vegetation, foam and atmospheric properties,

- thermal emission in the infrared and microwave, giving temperature,
ice cover and (in the microwave) wind speed, foam, and water vapour
and liquid water in the atmosphere,

- surface roughness, measured with various microwave sensors, giving
wind speed and direction, wave height, length and direction, ice
cover and various oceanic phenomena such as internal waves,

- surface elevation, which shows the general shape of the geoid and
the smaller variations due to ocean circulation patierns and eddies.

Satellites also track and vrelay environmental and position data from
drifting buoys and ships which can add a great variety of other

measurements both on the surface and to moderate depths.

Some of the instruments used in remote sensing of the oceans are listed
below:

1. visible and near~infrared imaging sensors

Continued improvement of satellite optical sensors has led to
extensive use of visible images in a wide variety of applications
ranging from the open ocean to coastal waters, and even inland
waters. Photographic and TV cameras, visible-band radiometers,
broad band radiometers and spectral scanners have been used to
detect, for example, colour variations to study sediment and
phytoplankton distribution and sea ice patterns. Quantitative
determinations of the concentrations of suspended organic and
inorganic particles can even be made using the Coastal Zone Colour
Scammer - a sensor specifically designed 1o study living marine
resgurces, The CZCS is capable of measuring very subtle variations
in water colour resulting from wvariations in phytoplankicn
concentrations, river inputs and effluent discharges; tLhus
highlighting oceanic fronts, dispersion and circulation patterns.

2. Thermal infrared imaging sensors

Satellite infrared images of the oceans have been used to study
ocean features  which cause observable wvariations in surface
temperature such as currents, fronts, uvpwelling and coastal mixing
patterns, Cloud cover is a significant limitation to this method in
most parts of the world and simultaneous visible images are often
needed to identify the clouds, Infrared sea surface temperéture



measurements have been achieved to an accuracy of 0,6°C using the
Advanced Very High Resolution Radiometer (AVHRR)., Other infrared
sensors include the Very High Resolution Radiometer {(VHRM) and the
Satellite Radiometer Thematic Mapper (TM) and Coastal Zone Colour
Scanner (CZCS)

3, Microwave radiometer (MR)

Passive microwave radiometry measures the radiation naturally
emitted by or reflected from the sea surface, Since adsorption of
microwave vradiation by cloud is small, use of the MR is not
significantly thampered by cloud cover, Sea surface temperature
(SST) measurements using the Scanning Multichannel Microwave
Radiometer (SMMR) have been made with an accuracy of 1,0°C and a
spatial resolution of 150 km, Surface winds can also be estimated
within certain ranges using SMMR with an accuracy of about 2,5 m/s
(i.e, almost as accurately as by using surface observations). SMMR
can also be used to determine the integrated water vapour conteni of
the atmosphere. Unfortunately, however, SMMR and other types of

: saitellite microwave data tend to be contaminated in the neavr-shore

! region which 1limits their usefulness in shelf studies. There is no
direct reception capability {for satellite microwave data in South
Africa,

4. Syanthetic Apexture Radav (SAR)

Satellite SAR's can now in principle provide images of the sea
1 surface along continuous swaths of the order of about 100 km width
: at a resolution of about 20 m, Among the ocean features that can be
ohserved using SAR are surtace waves and their direction, the
surface expression of internal waves, ships wakes, {ronts, currents,
hottom features visible in shallow water and ice cover,

5, Radar Altimeter

The vradar altimeter measures the height of the satellite above the
sea surface. It was used in Seasat at an orbit height of about 800
km to a pracision of abeut 10 cm, bubt i1 is hoped to improve this in
. the new generation ol satellites to 2 c¢m. In principle the
5; altimeter 1s able, when combined with other data and physical
models, to provide dinformation on the marine geoid, gravity
anomalies, surface currents, tidal elevations, dce cover and any
other processes’ which change the mean sea surface elevakion on a
large scale (see Figurc 1). The Seasai altimeter data sei has also
been used (o produce a map ot sea-floor topography and it is hoped
that Future aliimeter missions will produce charts of, noit only
geeanographic, bui also geophysical, 1niteresti,
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Figure 1, Measurement of sea surface elevation and sea surface slope

6.

from satellite altimeters (from: Report of SCOR WG70).

Scatterometer

The evolution of satellite scatterometry has ted to the development
of a sensor capable of producing global estimates of wind velocity
on a daily basis to an accuracy superior to ship's observations.
Scatterometry is based on the early observation that the character
of radar backscatter depended on the surface winds blowing at the
time, Further investigation showed that Bragg, or resonant,
8cattering from ripples on the ocean is dependant on the amplitude
of the ripples, which in turn is determined by the wind speed. The
fact that the backscatter had been shown to depend on radar azimuth
angle, with the maxima in the up~ and downwind directidns, and
minima close to the crosswind direction, also allows an estimate of
wind direction to be made (with some ambiguities). Global
measurements of surface winds and waves are crucial to the study of
large-scale air/sea interaction processes, and, when available in
real iime, offer obvious economic benefits to a variety of marine
activities such as forecasting, offshore exploration, ship routing,
etec.




7. Lidar

Light detection and ranging (Lidar) instruments and techniques are
at present being developed, but, as yet, none has been demonstrated
from a satellite, A parvrow-beam light source is used in a similar
way to the radioc techniques of radar, but with the added advantage
that light can penetrate the water surface and give information on
optical properties of sea water and scatterers within it to depths
of several tens of meters. The full potential of lidar from space
remains to be developed in the future,

The greatest single advantage of satellite rempte sensing over
conventional observations is clearly its wide area and potentially
global coverage. Each satellite has a different, specifically-designed
orbit arcund the earth. At any given instant a satellite can view an
area whose size depends on the properties of 1its sensors and its
altitude. A low altitude orbit of about 150 km would have the advantage
of high resolution, but altitudes of greater than 500 km are needed to
give the several years of stable life-time required for most
earth-observing missions. Higher altitudes have the advantages of
allowing a wider area of view for scanning sensors, the possibility of
data communication over larvger distances and more precise tracking.
Geostationary satellites (which maintain their position relative to the
earth) have an altitude of 36 000 km. The high altitude limits the
resolution achievable, but such satellites have the great advantage of
requiring a vrelatively simple, fixed transmitting/receiving antenna as
well as a continuous look capability and fixed geometry.

The concepts of swath width, scan angle and footprint (pixel size) are
illustrated in Figure 2, From a typical height of 800 km, the sensors
of a satellite can cover a maximum useful swath of about 2 000 km, that
is a 1 000 km out from the nadir point or point immediately below the
satellite, However, because of limitations in the data bandwidth, both
radar and visible scanners with a 20 m resolution are typically limited
to a swath width of 100-200 km. Landsal covers 185 km at 30 and 80 m
resoiution and AVHRR sensors can scan about 3 000 km with a 1 km
resolution.

RATIONALE FOR USING REMOTE SENSING IN LOCAL MARINE SCIENCE

Southern Africa’'s marine environment 1s characterized by variety and
variability. The warm Agulhas Current, which is one of the world's
major western hboundary currents, dominates the oceanography of the
south-west Indian Ocean. Retroflection south of the continent of this
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Figure 2. The scanning arrangement for a typical polar orbiting
satellite (from Shannon 1985a).

current system contrasts sharply with the Benguela upwelling system on
the west coast, The asgulhas retroflection area is a region of £N0rmous
complexity and variability - a veritable "hot spot™ (Figure 3),
Filaments and rings shed from the Agulhas current enter the South-east
Atlantic and play a key role not cnly in terms of the oceanography of
the region, but also in respect of the weather and climate of the
subcontinent and probably alsc the climate of western Europe. Further
south '(at about 40°S) 1lies the subtropical convergence, a pronounced
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Figure 3. Concentrations of 1lines showing the average geographic
location of the southern Agulhas Current, the Agulhas
retroflection and the Agulhas Return Current over a 13
month period {(from Lutjeharms and Anderson 1987),

meandering front, which separates the subtropical waters of the
Indo-Atlantic from the Southern Ocean - the region's "weather factory",
The African continent, terminating at a relatively low latitude (35°83),
permits the relatively free zonal passage of travelling ¢yclones, and
the wind-pressure systems in the South Atlantic respond accordingly. As
a vresult, upwelling and currents throughout the Benguela system are
modulated on a time scale of about three to 12 days. In addition to tLhe
variability associated with such pulsing there are shorter period
fluctuations (e.g. 1inertial oscillations and those associated with the
land-sea breeze) and 1longer period changes (weeks to years) associated
with changes at the system boundaries (e.g. in the Agulbas retroflection
area in the south and the Angola-Benguela front in the north). Like
Agulhas intrusions in the south, Benguela Nifios in the north cause major
perturbations of the Benguela and its associated ecosystem.




The principal oceanographic features of southern Africa's marine
environment ave reflected din Figure 4. The physical extent as well as
the spatial and temporal variability of the systems which was
highlighted in the preceding paragraph pose an enormous problem for
measurement using classical techniques (ships, platforms, moored

devices), Remote sensing can therefore play, and indeed has already
plaved, a wvital supportive role in the investigation and monitoring of
the 1local marine environment. The time scale of events and the

relatively cloud-free mnature of much of the region makes the use of
satellites with passive sensors capable of measuring in the visible and
infrared wave lengths highly attractive, particularily as data and its
processing are fairly cheap. However, it is the development of the new
generation of sensors such as the altimeters and scatterometers, that
will provide oceanographers and user agencies with a powerful armoury
for the intensive study of our ocean area needed to ensure its wise
management and utilization.

LOCAL APPLICATIONS ~ PAST AND PRESENT
ATRCRAFT

Probably the first remote sensing technique to be used successfully in
the local marine environment was aerial photography. Apart from obvious
early strategic uses, its principal applications have been for shoreline
and kelpbed mapping, for effluent disposal studies off Natal, in support
of cpastal engineering studies (e,g, the study of rip currents and
sediment transport din False Bavy by the former National Research
Institute for  Oceanology (NRID), (Figure 5) and for the ongoing census
of island-based seal and seabird colonies by the Sea Fisheries Research
Institute {SFRI) {(Figure 6), Aircraft surveillance and photography have
also been successfully applied to detecting and responding to marine oil
spills. Aerial photography has thus provided a relatively cheap means
of studying some important coastal features and processes for management
purposes as well as for monitoring some "high profile” marine
communities, such as whales and dolphins,

Aevial techniques were also used directly to dmprove efficiency of
explnitation of certain living = resources. Spotter aircraft have heen
used din support of whaling operations oftf Natal in the 1960s, by the
pelagic fishing dindustry din the Cape, and in support of tuna fishing,
In the early 1970s an attempt was made by the Sea Fisheries Research
Institute to use an aircraft equipped with a low light level television
sysiem to estimate the biomass of the Namibian pilchard resource.
Although partially successful, this remote sensing system was never
fully operational, Nevertheless the novel technique did provide useful
managemént information while pilchard was the dominant species.
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Figure 5. Aerial photograph showing rip currents 1in False Bay
(photograph courtesy of DEMAST),




Figure 6,

photograph of birds on Ichaboe Island (SWA), The

Aerial
the dark dots are

light dots are Cape gannets and
cormorants and jackass penguins.
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With the cbvious exception of radar with its strategic and navigational
applications, limited wuse has been made locally of microwave techniques

from ships and aircraft, However, extensive use has been made of
airborne infra-red sensors for sea surface temperature mapping and in
studies of mesoscale oceanographic processes, In the 1960s the

Oceanography Division of the National Physical Research Laboratory
introduced the airborne radiation thermometer (ART) to 1local

oceanographers, Use of this instrument demonstrated for the first time
the substantial short period wvariability of the Agulhas current off
Durban, Subsequently ART was used to provide a synoptic picture of

upwelling between Cape Hangklip and Cape Columbine - in particular the
structure of the Cape Peninsula upwelling tongue. During the early
1970s, as part of the Cape Cross Programme, SFRI conducted extensive
(and thus costly) ART surveys along the west coast as far north as
southern Angola. While useful, in that some of the structural features
of the Benguela system were highlighted, experience showed that ART is
more suited as a tool in support of studies of mesoscale processes,
rather than as a survey instrument.

The most successful application of airborne remote sensing was during
the Cape Upwelling Experiment (CUEX - 1978 to 1983). CUEX was the first
detailed study of mesoscale processes in the southern Benguela, and the
investigation of the growth and decay of upwelling tongues (Figure 7)
proved particularly successful as it contributed to an improved
understanding of not only local wupwelling, but also of upwelling
proc¢esses in general,

) 18=11+~79

———
0 10 20km

Figure 7. The SST distribution 1in a three-day sequence representing
the growth phase of the upwelling cycle (from Jury, 1985},
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Many of the concepts which emerged from CUEX were subsequently embodied
in the Benguela Ecology Programme (BEP) and have contributed to improved
management of the 1living resources of the region. While ART proved so
successful, some of the visible band remote sensing instrumentation such
as the multi-spectral camera and spectrally scanning radiometer proved
less so, both in their application in the Benguela and in krill research
in the Southern Ocean. However, because of the increased availability
of satellite data and products, ART is used less now than in the past
although its value in support of research cruises is still recognized.

SATELLITES

Despite satellite infrared dimages being available in the 1960s, it was
only around 1973 following the launch of ERTS, the first of the Landsat
series, that satellite remote sensing was really introduced to South
African scientists - largely through the efforts of the team at the
former National Physics Research Laboratory at the CSIR., Most of the
early applications of Landsat data were, however, in the terrestrial
environment and the first effective oceanographic utilization of
satellite dimagery (viz NOAA thermal infrared) was in the study of the
structure and kinematics of local marine systems.

During the last decade the applications of thermal infrared and wvisible
band imagery in 1local marine science have been numerous, and knowledge
of the structure and functioning of the Agulhas and Benguela Current
systems has mushroomed as a result - yet relatively few South African
oceanographers exploit the enormous potential which satellite data
products offer. Admittedly many remote sensing techniques only provide

information abhout the sea surface per se. However, so much of the
subsurface structure can often be successfully inferred from the study
of sequential 1images, The launch of Nimbus-7 with its Coastal Zone

Colour Scanner (CZCS) in 1978 and the participation by South Africa in
the dinternational surface truth experiment was an important catalyst for
the development of local image processing technology and skills, as was
‘the quasi-real time availability of visible and thermal infrared data
from Meteosat at around the same time.

Locally generated Meteosat imagery, supported by high resclution
products from NOAA satellites, has led to an improved understanding of
the dynamics of the Agulhas Currvent system, in particular that of the
retraflection area, and the formation of shear-edge features, rings and
filaments (see Figure 4). As a result, a conceptual understanding of
the retroflection process has emerged which has revolutionized our
thinking on the dynamics of the region,

The direct reception of NOAA data and the development of a viable
processing capability by the Satellite Remote Sensing Centre (SRSC) (now
Satellite Application Centre - SAC) at Hartebeeshoek in 1984 resulted in
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further advances. (Thanks to the contributions made by members of the
Working Group on Remote Sensing in Oceanography, geometrically corrected
and atmospherically corrected and temperature calibrated NOAA images
were routinely available from SAC by late 1987). The satellite data
products have had applications not only in marine science per se, but
also as a tool for resource management., For example, it was possible to
monitor the 1984 Benguela Nifio and the subsequent major perturbation in
the retroflection area which is thought to have caused substantial
changes 1in the fish populations (pilchard, anchovy, hake) in the
Benguela system, In this respect the development of an in~house image
processing capability at the Sea Fisheries Research Institute has proved
invaluable - not only for retrospective investigation and monitoring,
but also for real-time survey strategy planning. A brief visual
inspection of a good image by an experienced individual can provide a
"wealth of information about the state or phase of local marine systems
and processes, and the potential for the application of automated
feature tracking and pattern recognition techniques is enormous.

Apart from the obvious application of thermal infrared imagery in the
Benguela system for both process orientated studies (e.g. growth and
decay of upwelling bands, tongues, filaments and frontal kinematics) and
monitoring (particularly useful when used in conjunction with climate
and ship data for examination of large scale perturbations), the
applications of visible band dimagery in the study of habitats of the
principal shoaling fish species have been considerable. The broad
spectal bands apnd the high resolution of Landsat have been useful in-
studies of internal waves (which have a characteristic surface
manifestation) on both the south and west coasts (e.g. Figure 8) and in
the investigation of rip currents in False Bay. Following the highly
successful Nimbus-7 CZCS surface truth experiment which was conducted in
South Africa between 1978 and 1981 and the ensuing adaptation of
algorithms for <chlorophyll and suspended solid estimation, the utility
of ocean colour imagery in the study and management of the marine
environment was clearly demonstrated, The synoptic chlorophyll maps
along the west coast provided a new insight into the southern and
central Benguela system, while relatively high concentrations evident in
images of Algoa Bay suggested the existence of a potential food source
which could be expected to support substantial shoals of pelagic fish
(a5 was subgsequently verified). The chlorophyll and sea surface
temperature distributions often display similar patterns (Figure 9),
while features not always ohvious from thermal infrared images are
sometimes visible in the ocean colour imagery., Using CZCS chlorophyll
data in conjunction with ship measurements, estimates of the
phytoplankton standing stock and primary production of the southern
Benguela were made and its approximate potential carrying capacity was
established. There has also been some success in relating CZCS
chlorophyll to fish shoal distribution.



+ +17-90F +17-30F +1B-08E +

+
ki
: 2
] 3
9
' s
.
! 3
' 3
]
]
: s
|
.
' 3
3
]
]
]
2
3
3
)
3 5
El
3
]
s
+
3
4
0
L]
1]
+
£ e : ) A
+ " Hk ; Sl s sl R ey L +
+17-306F
SATLLLLTE REZHOTE SENSING LENTRE, LANDSATS-HSS, SCERE [D 566£35-88034, DATE: 26-NOV-BS
HRS! {7&- 83, BANDS: S , CENIRE! 33-135 17+«21E. SUM ELv 54
MAGNIFICATION X1, HOR. SES' @, LINE HUMBER: @0Q9, SCRLE: @ ze 4? |4,
i
i
|
|
A
' Figure 8. Surface features indicative of internal waves evident west
i of Saldanha Bay on a Landsat MSS band 5 image, 26 November

- 1985.




Some spectacular pictures of dust plumes over the Benguela during Berg
wind events have been constructed from CZCS data, and the one shown in
Figure 10 is a classic example. The extent and directional ccherence of
the plumes in this figure are evident, and it has been suggested that
such events may vresult in a substantial input of terrestrial material
into the sea., Figure 11 shows an equally spectacular input of silt into
the sea by rivers on the east coast.

Although until recently local scientists have had very little experience
with altimeter and microwave data, some of their potential applications
in local waters have been demonstrated by workers overseas, e.g. the
variability in the Agulhas retroflection area (Figure 3). Preparatory
work for the Topex-Poseidon experiment is paving the way for the future
application of the new generation of remote sensing techniques in South
African marine science.

Figure 9. Chiorophyll and sea surface temperature distribution off
the south western Cape on 6 December 1978 (Nimbus 7 CZCS)
{from Shannon, Walters and Mostert 1985).
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Figure 11, Satellite photograph processed to show the total suspended
sediment distribution emanating mainly from the flooding
Gouritz River. (Photograph courtesy of DEMAST).

THE STATUS QUO IN SOUTH AFRICA
SATELLITE RECEPTION FACILITIES

The Satellite Applications Centre (SAC) of the CSIR at Hartebeeshoek in
the Transvaal 1f the only sophisticated receiving centre in southern
Africa. At pr.sent it receives the NOAA satellites, Metecsat and
Landsat, in the visible and infra-red wave bands. It is in the process
of being upgraded to receive higher resolution data. This upgrading is
primarily aimed at vreceiving the French SPOT data and Landsat Thematic
Mapper images, but data from the Japanese MOS satellite may also become
available. After the wupgrading it is hoped that the SAC will alsc be
able to receive and process microwave and SAR data.

"Quick-look", low resolution reception facilities are, however,
available at a number of institutions around South Africa {e.g., CSIR
Stellenbosch, Port Elizabeth Museum, Oceancgraphic Research Institute,
SABC, Department of Environmental and Geographic Sciences UCT, Water
Research Commission at Nelspruit Airport). These mainly receive
Automatic Picture Transmission (APT) data with the exception of the CSIR
in Stellenbosclh which receives data from the NOAA satellites,
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IMAGF PROCESSING FACILITIES, DATA AND DATA PRODUCTS

Image processing facilities exist at a number of organizations, These
range from essentially "low key" processing at places such as UCT, SABC,
CSIR Stellenbosch and the Water Research Commission at Nelspruit
Airport, to the sophisticated facilities of, for example, the CSIR
Pretoria, the Sea Fisheries Research Institute, and the SAC, Complex
scientific image processing is also undertakenm by, among others,
University of Natal, Geodass, Anglo American, the Hydrological Research
Institute at Roodeplaat, the So0il and Irrigation Research Institute,
vhile it will soon become a reality at the CSIR, Stellenbosch,.

As mentioned above, the SAC at Hartebeeshoek 1is at present able to
receive Landsat, Meteosat and NOAA data, all of which can be purchased
from them. {(Enquiries should be directed to:; The Director, Division of
Microelectronics and Communications Technology, CSIR, P O Box 395,
PRETORIA, 0001, For attention: The Programme Manager, Satellite
Applications Centre). Their processing of Landsat data include: sensor
balancing (destriping), haze removal, line length corrections, earth
rotation correction, earth curvature corrections, mirror scan
non-linearities and sensor offset, geometric correction to a UTM
projection, edge enhancing, and contrast stretching. UTM or latitude/
longitude grids can also be provided. Precision geometric corrections
using ground control points can be performed on Landsat imagery where
1:500 000 survey maps are available. Raw Meteosat data is available
from the SAC, as are declouded composite sea surface temperature images
geometric correction), The products from NOAA data have recently been
upgraded and temperature corrected and calibrated and geometrically
corrected images on a number of projections are available,

Data 1is also available from the CSIR in Stellenbosch (Division of Earth,
Marine and Atmospheric Science and Technology (DEMAST)). This includes
a comprehensive set of images and tapes acquired by the Nimbus Coastal
Zone Colour Scanner and thermal infrared images from Meteosat I & II and
NOAA4-9, They also have a complete set of 1:10 000 colour air photos of
the Cape coast from the Olifants River to the Great Kei River (excluding
the Ciskei) which was flown in February 1987 and a survey of the Natal
estuaries flown after the floods of late 1987,

NON-SATELLITE INSTRUMENTATION

Besides aerial photography, which 1is a fairly widely available
technique, there 1is very little non-satellite instrumentation available
in South Africa, The SFRI has a number of ART's and the CSIR in
Stellenbosch possess a 4-channel radiometer, In addition a Daedalus 10
Channel Airborne Scanner is available locally through Aircraft Operating
Company. This is felt to be an area which could profitably be
stimulated, possibly by the development of an oceancgraphic aircraft
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package as a national facility. Such a package might comprise a digital

data logger with input channels for navigational position and time, an
infrared sea surface temperature radiometer, a multi-spectral scanner
for ocean colour and a microwave radiometer for sea state/wind stress.
It would be logical to include a 1logging capability for key
meteorological parameters as well.

MANPOWER

Expertise in the processing and use of remote sensing techniques is
available 1in South Africa and has been developed by the CSIR and
institutes such as the University of Natal. However, the number of
people working in satellite oceanographic remote sensing is small and
essentially limited to the Division of Earth, Marine and Atmospheric
Science and Technology of the CSIR and the Sea Fisheries Research
Institute.

IDENTIFIED NEEDS

An extensive survey of perceived needs of users and potential users of
remote sensing and data producis was undertaken by the various ad hoc
Task Groups (see Appendix III) during 1987. The following text and
Tables I and II provide a summary of the findings of the survey,

INDUSTRIAL AND/OR APPLIED USERS
Shipping

There appears to be a need for thermal, colour, sea state, wind and ice
information with a resolution of 1 x 1 km® in the principal shipping
routes and research areas. In most instances information older than 48
hours is wuseless, but both direct reception of satellite imagery on
board and reception via a shore centre would be welcomed, Most of the
users surveyed are prepared to pay for data products and special
hardware. '

Fisheries

There 1is an interest in quasi real~time thermal and colour imagery of
moderate resolution over the principal fishing areas as an operational
support system, Similarly dnformation on currents and large scale
perturbations would be helpful, while sea state and weather data would
only be useful if of a predictive nature. Preparedness to pay for data
products etc, would depend on cost-benefits,

R
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UcT

Table II. Needs of researchers
Data Type Research Spatial Frequency Preferred
group/ resolution product
Institute response
time
Sea surface
temperature
(a) Satellite TIR |[SFRI 1 km Daily <48 hrs
DEMAST
ucT
JLBS
ORI
(b) Satellite SFRI 25 km Daily/Weekly |<48 hrs
microwave DEMAST {cruises)
UCT >30 days
JLBS (other)
{c) Airborne TIR SFRI 5m ad hoc Immediate
and micro- UCT
wave
Ocean/land colour
(Visible and near
IR wave lengths)
{a) Satellite CS SFRI i0m -1 km |{Daily/Weekly |<48 hours
DEMAST depending on {cruises)
JLBS application >30 days
ORI (other)
(b) Adirborne SFRI 5m ad hoc Immediate
multichannel DEMAST
radiometer UCT
{¢) Aerial photo~- |[SFRI 5em-1m ad hoc >30 days
graphy DEMAST depending on
up application
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? Table II., Needs of researchers (continued) §
[ | [ [ I | g
| Data Type |Research  |Spatial |Frequency |Product | !
I [group/ Iresolution | |response | §
| |Institute | | |time | i
{ | | | [ | i
[ | [ i [ | :
| I | I | I ]
] Currents and/or | | | | I g
| sea level | | | | | G
| » | I | I | 1
[ {(a) Satellite |DEMAST |I km |Da11y/Week1y ’>30 days |
| altimeter ISFRI | | ’ i
I us I I | I
I uer I | I I
I | | I I
| (b) CODAR |US | | | |
| |ucT I I I I
| I | | I
] (c) Feature/ SFRI ll km ’Dally ,|<43 hrs |
drifter IDEMAST I | ](cruises) |
tracking |UCT | | |>30 days I
|US | ] I(other) |
I ! ! i |
I I | I
Windstress and [ | | |
windfield | | | | |
I | I
(a) Satellite |SFRI |50 km |Daily <48 hrs
| scatterometer |DEMAST | , |(cruises)
| ' lSAWB I |>30 days
' |UCT Iother
| |
| (b) Airborne |UCT I? ad hoc |?
| microwave | | | ,
| radiometer | ’
I I
| Waves IDEMAST |25 km ? |6 hourly <24 hrs |
| (synthetic aper- |SAWB | ] |
| ture radar) |UCT [ | I
| |Us | I |
| | | | I
| Water vapour |SAWB |1 km ’Daily |<12 hrs |
| | | |
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0il exploration

For rig and pipeline design criteria it is unlikely that remotely sensed
data will be helpful except where they contribute to a better
understanding of worst conditions, e,g. the 50 vyear storm. Operational
forecasts of wind, sea state and currents with a quick response (four
hours to days depending on -application) are required. Direct
measurement and reception will be necessary.

Sea diamonds

Apart from some applications of aerial photography with respect to
distribution of rock and sediment there does not appear to be any
interest 1in remote sensing on the part of this industry. However, it is
the view of the Working Group that CODAR could be useful operationally,
although it may not prove cost effective,

Coastal zone management

Aerial photography and high resolution (80 x 80 m or better) satellite
imagery in the visible and infrared bands have a number of applications
within the broad topics of geomorphology, vegetation patterns and
pollution, while information on waves and nearshore currents could be
useful, The market for suitable data products is potentially large. A
comprehensive survey of users and user agencies would have to be
preceded by an application demonstration programme.

Coastal engineering

High resolution true colour aerial photography of the coastal strip and
radar measurements of ocean wave spectra including wave direction,
height and period are high priorities, while multi-spectral imagery also
has a number of engineering applications. Real time data is not a
requirement. Clients are willing to pay for suitable information.

RESEARCH

The needs for the various research groups and individuals cover the full
spectrum of techniques and applications. As it is impractical to review
the requirements group by group, an attempted synthesis appears as
Tabie 1II. Researchers are prepared to pay within reason for usefu]l data
products and services, Although real time imagery is an operational
requirement, there 1is nevertheless a firm need for non real-time data
products.
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EDUCATION AND TRAINING

In South African marine science there is need for a greater appreciation
and awareness of the potential of remote sensing as a tool. Although
the possible establishment of a remote sensing centre at a South African
university (with subvention from FRD) is at present under consideration,
such a centre on its own is unlikely to meet the needs of marine science
where the - emphasis must necessarily be placed on education and training
in specific disciplines e.,g. physical oceanography, marine biology.
What we believe is required is for oceanographic~related graduate
courses to dinclude a comprehensive treatment of remote sensing and the
applications, Actual manipulative skills such as image processing are
probably best acquired subsequently through "hands-on" experience or
through a suite of intensive specialist training courses (logically,
hopefully to be offered by the centre referred to above),.

HARDWARE, SOFTWARE AND DISPLAY

Reception of high density digital data

The only facility in South Africa capable of receiving high density
digital data directly from satellites is the Satellite Applications
Centre at Hartebeeshoek, It is obviously impractical to duplicate this
facility at the coast for marine users but there are two options for
obtaining the high density digital data in processed or unprocessed
forms. The first is transmission using the GPO diginet system, when
this becomes available. Here the cost of access to the CSIR computer
network plus the necessary hardware and software for data storage,
processing and display may be considerable (>R100 000). The second
option (which applies only to users having their own image processing
systems who require quasi-real time high density data that can be
properly calibrated and corrected) is to use a courier service for data
tapes. There nevertheless remains no practical means of receiving high
density data at sea at present.

Automatic picture transmission (APT)

It 1is evident that less accurate, degraded (lower resolution) images
which show structure would be acceptable to several users provided they
were available in veal time - in particular for use on ships, A
definite market exists for a cheap, turn-key system for operational use
by researchers in the laboratory and at sea.

Television
In principle it could be relatively simple to broadcast processed S§ST

images (even calibrated and geometrically and atmogspherically corrected)
via commercial television in the same manner as Meteogat images are

e

g e

E

gRres

R

o T T vy Sl

AN




- 27 -

displayed, e.g. during weather forecasts., The availability of such maps
during television off-time periods would be extremely useful to a broad
spectrum of viewers, inciuding coastal shipping.

Aircraft remote sensing package

Airborne radiation thermometry has been used in South Africa since the
1960s, mainly in ad hoc surveys or for case studies. 1In the absence
of a satellite colour imager suitable for quantitative pigment and
turbidity measurement, a multichannel radiometer suitable for use in

- aircraft may be viable as a cruise support to some users (notably Sea

Fisheries Research Institute), particularly if fitted with a thermal
infrared channel and linked with a microwave radiometer to a general
purpose data logger.

FUTURE PROSPECTS
OCEAN-RELATED SPACECRAFT SCHEDULED FOR THE NEXT DECADE

During the next decade there are plans teo improve and expand earth
observation from satellites. Detailed meteorological monitoring will
continue using the axray of five geeostationary weather satellites
sponsored by the USA, the Euxopean Space Agency (ESA), India, and the
Japanese National Space Development Agency (NASDA), and the three
polar-orbiting meteorological satellites sponsored by the USA and USSR,
Upper atmosphere observations are planned from NASA's new Upper
Atmosphere Research Satellite (UARS) the land surface measurements will
continue to be made by NOAA's landsat series satellites and the French
SPOT system. It is proposed that geodesy and geophysics will be
addressed by the USA's Geopotential Research Mission (GRM) and the
earth's radiation budget by the Earth Radiation Budget Experiment
{ERBE),

For the oceans, the currently proposed missions build on thase of Seasat
angd Nimbus, The United States Navy's Remote Ocean Sensing System
(NRD5S) is an approved missiocn scheduled to fly in 1990 to provide
operational sea state, surface wind, sea surface temperature and sea-ice
distribution. The instruments will include an active radar, altimeter,
scatterometer and radiometers. ESA's FRS5-1, also scheduled to fly in
1990, will have a similar complement of instruments, NROSS and FRS-1
will provide the first continuing glebal measurements of these
parameters which will be as dmportant o vresearch in understanding
global ocean processes as  they are iﬂ.@perational gcean forecasting.
Glohal ocean currvents wil! be able to he measured using the precice data
on cean topography that wil] Ye available when the US/French
TOPEY/Poseidon wission 15 wnderway in 1901, The Marine Ohservation
Sateliite, MDS-1, the Japanesc salellite dedicated tu  oceanic
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measurements, was launched in 1987 and, as it comes onto line, it should
give increasingly valuable oceanographic data. One of the new
instruments that is being developed is the Ocean Colour Imager and it is
hoped to fly this on Landsat-7 and follow-on SPOT missions. This,
combined with the wide spectral range of the Moderate Resolution Imaging
Spectrometer (MODIS) currently being designed to £ly as part of the
Earth Observing System of the mid-1990s, will bring the high resolution
of the land-observing satellites to the oceanographers. Data from these
instruments will be especially useful in the coastal zone,

LOCAL APPLICATIONS AND OPPORTUNITIES

Expansion of applications and refinement of existing techniques

(a) Thermal infrared radiometry

Although useful Meteosat and NOAA AVHRR images have been
routinely available in South Africa at low cost for some years,
the full potential of these products has stilil to he realized
by oceanographers in general and the biological community in
particular, There are probably two reasons for this., First,
before late 1987 geocorrected and calibrated data products were
not routinely available, which means that correct image

interpretation was difficult -~ sometimes impossible. Second,
many applications vrequired the availability of images in near
real time. The recent development of a routine geocoyrection

and calibration capability, however, is likely to improve the
utility of AVHRR data substantially, even given the present
cost (R120 per monochrome print or negative). Images can now
he ordered on variocus projections, including Mercator, which
means that marinme scientists without access to image processing
systems can do some useful work with sequential images in texrms
of feature tracking,. Positions of features can be measured
with reasonable accuracy. There is thus considerable scope for
examining the kinematics (in a statistically acceptable manner)
of, for example, the Agulhas Current, its retroflection and
leakage 1into the Atlantic, Benguela upwelling, the Benguela
oceanic front, the Angola- Benguela front, etec, on time scales
from days to years. The potential utility for process related
research and modelling 1s considerable as is its usefulness for
respource and environmental management.

The 1likely availability of lower resolution thermal imagery in
quasi-real time to wusers at coastal centres, and possibly
ships, by 1990 will, we believe, be a milestone in the local
application of remote sensing. There is a very real need for
research scientists, industry and management authorities, to
have such a capability. A proliferation of hardware (provided
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(c)
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it ig cheap) and applications c¢an be anticipated once the
facility becomes operational. The principal applications will
be in fisheries and as cruise support - fields where the
cost-benefits have already been demonstrated overseas. The
fisheries most 1likely to benefit in South Africa are those for

"frontal” species, Annotated frontal maps vyoutinely made
available to (fishermen are likely +to be the most beneficial
output product. Essentially it is our opinion that the more

readily available satellite data products are, the more they
will be used by the community,

Ocean colour

Apart from the obvious potential wutility of the proposed
Sea-WilFS (Sea-viewing, Wide Field of View Sensor) sensor in
biological oceanography and in sediment transport gtudies,
there exists a substantial source of historical data from the
Nimbus-7 CZCS mission. The CZCS material published to date has
merely scratched the surface. The in-house image processing
capability at Sea Fisheries Research Institute and DFMAST
provide the capability for a detailed statistical analysis of
some two thousand scenes in terms of phytoplankton patch sizes,
distributions and patterns as well as for estimating
variability of primary production. For biological
oceanographers it would be logical to fully exploit the _
existing data prior to the Landsat-6 mission. 1In addition to
satellite measurement of ocean colour, the need for an airborne
multichannel radiometer has already been identified. As a real
time cruise support this could be the most cost effective
option for providing information on horizontal structure, and a
suitable instrument might also prove wmore beneficial for
studies of coastal processes than satellite sensors in view of
the high resoluticn and frequency of sampling possible.

Environmental change

Both for vresearch and for resource management there is an
ongoing need for reasonably up-to-date information on the state
of the environment. The data products which come closest to
providing this dinformation are the ten day SST averages
generated by the South African Weather Bureau and the NOAA/NWS
Climate Diagnostics Bulletin Series. These products, however,
have limitatiens in terms of data density or resolution.
Monthly maps on a usable scale for the area 10-45°5, 0-50°E
based on composites of satellite and ship data, suitably
biended with a resolution of one degree of latitude and
longitude, would be a most worthwhile product - particularly if
anomalies (deviations from the monthly mean) were displaved.
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These data would he extremely useful for studies of weather and
climate and for fisheries, provided they were available with a

lag time of less than two months. The potential utility of

available satellite data to supplement field measurements
{which are by their nature spatially limited over the sea) as
inputs dinte local weather, climate and fisheries models should
be recognized,

Surface currents

The utility of satellites for position fixing and buoy
interrogation in local waters is well established, The utility
of spacecraft for passive feature tracking is less so. The
suitability of the new generation AVHRR products from SAC has
already been indicated, and what follows are just two potential
applications of feature tracking. First, information on
currents in the EEZ if available routinely in near-real time
could be wuseful for navigation and in fishing operations.
Second, in emergency Situvations such as maritime disasters and
oil spills, the data could provide the necessary inputs into
predictive trajectory models to aid rescue and salvage
operations and to help with the protection of sensitive areas
and clean-up in the case of o0il pollution.

Development and implementation of new technigues

(a)

Currents and sea level

Three components of a Sout. African proposal to participate in
the Topex/Poseidon mission which is scheduled to start in 1991
have been tentatively accepted by CNES. These are: Agulhas
Current system topography; Indian-Atlantic interaction; and
Meridional heat transport, All three rely on the application
of altimeter data in conjunction with AVHRR and shipboard
measurements to document the variability in time and space of
the Agulhas current, its vretroflection and leakage into the
Atlantic Ocean. An attempt will also be made to quantify the
meridional heat transport into the Southern Ucean in this area
which has high mesoscale turbulence, All three components form
part of the Sputh African contribution to WOCE, and, in
addition to obvious benefits to studies of regional and global

climate, the information  should provide an improved
understanding of the key physical processes operative at the
crossyoads of three ocearn systems, and, among other

applications, provide wuseful inputs for fisheries. At present
there 1is only a limited local capability for handling and
processing altimeter data, In preparation for the local
processing of Topex/Poseidon data (none of which will be in




. .“ﬁh.

(b)

(c)

- 31 ~-

-real time) a suite of computer programmes is at present being

developed and adapted using Seasat and Geosat data for test
purposes,

Although not part of the official Topex/Poseidon project, the
Sea Fisheries Research Institute proposes to use altimeter data
to study the influence of changes in the large scale flow field
in the Cape Basin on shelf circulation between Cape Frio and
Cape Agulhas and 1its resultant impact on the fisheries of the
region, Like the other altimeter-sourced activities this
project does not rely on the availability of an accurate geoid,
although it would cbviously be highly beneficial,

It is likely that the main new thrust in remote sensing in
South African marine science during the next decade will be
related to the use of sateliite altimetery,

Current—-wave interactions

South Africa is in a unique position to undertake research on
wave-current interactions, The combined use of SAR and
scatterometer data in conjunction with platform/ship based
CODAR to investigate the role a shearing current plays in giant
wave generation is an attractive research possibility. Such
research could have a wide range of applications in coastal and
ocean engineering during the next decade,

Other applications of microwave techniques

Although it seems probable that local scientists will make
increasing wuse of microwave-based data products during the next
decade it seems probable that these will be generated
oOvVerseas. Apart  from the obvious application of
satellite-derived surface wind stress data in large scale
studies of air-sea interactions (e.g. modelling Agulhas Current
retroflection), microwave sourced estimates of SST could be
extremely useful in the study of frontal kinematics in areas
with a high percentage of cloud cover such as the
Angola-Benguela front and the Subtropical Convergence,
particularly dif linked to satellite altimetry. Another likely
application of both altimeter and microwave data is in
monitoring the ice edge. It i1s the authors' view that such
investigations could  have spin offs for the study and
forecasting of South Africa’s weather and climate and possibly
also for fisheries,
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THE BROAD PICTURE

The opportunity for us in South Africa to apply oceanographic remote
sensing techniques 1is not limited by our immediate local scientific and
management needs. There is an ever increasing awareness of the Earth as
a unified system. Earth system science sees our world as a related set
of interacting processes operating on a wide range of spatial and
temporal scales, vrather than as a collection of individual components,
Satellite remote sensing 1is the key technique of these global studies
and forms the basis for a number of collaborative dinternational
programmes aimed at furthering our understanding of our Earth. The
World Climate Research Programme, sponscred by the Intermational Council
of Scientific Unions (ICSU} and the World Meteorological Organization,
has twe ocean-related programmes, the Tropical Ocean Global Atmosphere
(T0GA) programme aimed at determining the causes and establishing the
predictability of El Nifio and Southern Oscillation events, and the World
Ocean Circulation Experiment (WOCE). WOCE aims to develop improved
models of ocean circulation on time scales of decades or longer and is
probably the most complex experiment ever attempted by the world
oceanographic community, South Africa has established a National South
African WOCE programme under the auspices of SANCOR and hopes to
contribute significantly te global understanding of the ocean
circulation by wvirtue of our expertise and unique geographic position,
South African participation in other global programmes such as the Joint
Global Ocean Flux  Study {JGOrS) which proposes to eXtend our
understanding of processes responsible for the production and fate of
biogenic materials din the sea from regional to ocean-basin and global
scales 1is alsc encouraged. Input from these international collaborative
programmes will contribute towards the International Geosphere/Biosphere
Programme (IGBP), the ambitious integrative programme designed to
understand global environmental change on a broad scientific front.

These new programmes offer South Africans a marvellous opportuniiy to
participate in Farth system science, the integrative global science of
the future. Crucial to our involvement, however, is our access to, and
ability to handle, the vast quantities of remotely sensed data that the
new generation of satellites will be producing.

BLUEPRINT FOR THE FUTURE

A number of different research activities can be identified which, if
implemented, will contribute {owards remote sensing in South African
marine science being placed on a sound footing during the next decade,
These activities wvary in scale and complexity from participation in
major dinternational programmes 1o the development of specific products
for specific needs., Software development is needed across the spectrum
of local oceanographic remote sensing techniques, both for data handling
and for developing personal computer jmage-processing facilities. An
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APT systen which would facilitate a real-time sea surface temperature
capability is lhighly desirable, as would be the development of monthly
environment/anowaly  maps. 0f on-going dmportance will be the
application of corrected and calibrated AVHRR data in cceanographic
studies and the development of remote sensing support for fisheries and
other offshore industries. The application of satellite microvave
technigues also needs to be explored locally. Table TI1 summarizes
these future activities.

THE ROLE OF THE FRD

The mission of the Foundation for Research Development within the new
orientatien of the {SIR clearly states that the FRD aims to develop
experts and expertise of a high gquality din natural sclences and
engineering to improve the quality of life for all South Africans. Both
experts and expertise in occeanographic remote sensing are sorely needed
in South Africa,. At present a handful of people are successfully using
their ingenuity to improve pur remote sensing capabilities over coastal
and ocean areas, mainly as ap adjunct to their main jobs, There is a
nead for a more coordinated, directed approach to develop the techniques
and skills required in oceancgraphic remote sensing, It 1s ouy opinion
that this could best be provided by the establishment of one or more
tightly- defined, limited~term vresearch development programmes within
the FRD,
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ACRONYMS

APT Automatic Picture Transmission
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BEP Benguela Ecology Programie

"CNES Centre National d'Etudes Spatiales

CODAR Coastal Ocean Dynamics Applications Radar

CSIR Council for Scientific and Industrial Research
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DEMAST Division of Earth, Marine and Atmospheric Science and
Technology

EEZ Exclusive Economic Zone
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ESA European Space Agency

FRD Foundation for Research Development

GRM Geopotential Research Mission

105U International Council of Scientific Unions
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MR Microwave Radiometer
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SST Sea Surface Temperature
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TOGA Tropical Ocean Global Atmosphere

UARS Upper Atmosphere Research Satellite

uer . University of Cape Town

VHRR Very High Resolution Radiometer

WOCE World Ocean Circulation Experiment



—

- 48 -
APPENDIX V

SOME USEFUL ADDRESSES AND TELEPHONE NUMBERS
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National Programme for Remote Sensing
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PRETORIA

0001

Mrs L Y Shackleton (Coordinator) Tel: (021) 6864663
Oceanographic Remote Sensing
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7700

Dr L V Shannon (Chairman) Tel: (021) 253900
Working Group on Remote Sensing

Sea Fisheries Research Institute
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ROGGEBAAI

8012

Dr N M Walters Tel: (02231} 75101
Envirormental Information and Remote Sensing Programme

Division of Earth, Marine and Atmospheric Science and Technology

P 0 Box 1320

STELLENBOSCH

7600

The Director Tel: (011) 6424693
Division of Microelectronics and Communications Technology

CSIR

P O BOX 395
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0001

For attention: Programme Manager, Satellite Applications Centre
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