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ABSTRACT

Interpretation of remote sensing products as a procedure used during the process of
vegetation mapping has developed from a purely visual process of image identification
to one which can utilize computerised methods to aid consistent identification of vast

quantities of digitally stored/recorded spectral information.

A description of the Landsat satellite system which is currently providing imagery to
potential South African users in the form of digitally stored data and photographic
producfslis given and sources of digital spectral data at other than satellite scales of
resolution are described. A brief description of some image processing systems
already operational in South Africa and being utilized for land cover mapping is also

included.

An introduction to the concept of computer analysis of numerical spectral data is given.
The difference in approach between workers interpreting geological or other surface
features as opposed to those wishing to simplify ‘an image into categories is emphasized.
This expldins the local effort being expended on development of computer 'classification®
routines as opposed to other methods of computer based image processing in vegetation
mapping.

The first paper presents a review of current use of remote sensing products in vegetation
mapping in South Africa and the potential of more recently available products and
processes in this field.  The relative merits of different film types is discussed, as is
the problem of scale of survey, scale of remote sensing product and scale of final
mapping.  The position that computer analysis of spectral data occupies in a scheme

designed to show the relationships between different scales of survey is described.

The second paper describes an example of the application of computer classification
techniques to Landsat data in mapping vegetation in the Langebaan area, South AfricAa,
at a semi-detailed scale of operation.  The results of this exercise are illustrated
together with a map produced using visual air photo interpretation techniques, backed

by field checking.

More detail of the specific relationships between plant community structure, canopy
cover, scale of survey and reflectance values in the map classes produced is then given

in the third paper.  Computer classification matches well with major structural



)

divisions; finer structural sub-division descriptions of sample plots correlate well
with floristic divisions. A combination of digital analysis of remote sensing products

“and field checking based on structural schemes is recommended as a rapid mapping

process.

A report compiled on the full range of investigations carried out up to the end.of 1980
into the usefulness of various remote sensing products for studying and mapping the
Fynbos Biome is included.  The overall mapping objective of this investigation was
to determine the extent of the Fynbos Biome and of the major landuse types within it.
It was decided that the ‘reconnaissance® level of operation at 1:250 000 final mapping

scale is best suited to meet the overall mapping objective.

General conclusions are drawn as to the current status of remote sensing applications in
vegetation/land cover mapping in South Africa and elsewhere . Developments and
refinements in techniques subsequent to the carrying out of the investigations reported

in this account are briefly discussed.
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PREAMBLE

South Africa was involved in the ERTS—A programme (Landsat initially called ERTS)

in 1972-1973, in the form of a project entitled "To assess the value of satellite
imagery in resource evaluation on a national scale (Malan 1973).  Investigators
then worked with poor quality third and fourth generation 70mm positives and
negatives, and used visual interpretation of features on these products. . Subsequently
the emphasis has moved internationally from purely visual or image oriented
interpretation of spectral imagery to numerical or computer assisted analysis

techniques.

The Fynbos Biome Project, initiated in 1977, is one of several programmes within
the National PrOgrcmmé for Environmental Sciences, administered by the CSIR.
The project has base~line objectives which include "the definition of the geographical
distribution and extent of the major vegetation types of the biome" (Kruger 1978).
The work reported on here was initiated in an attempt to meet this objective;
particularly as it coincided with the development of an image Processing System at
the University of Cape Town (CATNIPS). It represents a small portion of the early
“work done and formed part of the early experimentation into the application of
computer - classification techniques to Landsat 1 imagery for vegetation mapping

purposes .

These experiments in the south west Cape were carried out at a ‘semi-detailed’
rﬁapping scale (Edwards and Jarman 1972) The capabilities of the local image
processing system had not been extended to cope with 'compressing' satellite
digital data into larger units for mapping at different scales. Subsequently it has
been decided to complete the fynbos mapping programme at a 1:250 000
(reconnaissance) scale as it bést utilizes the satellite data (Jarman, Bossi and Moll

1981).

However, the flexibility of the digital data is an important factor. If it can be
shown to be effective at various scales of operation, it will be useful to a manage-~

ment oriented user.



o (xi)

This report therefore deals with the detail of a mapping operation at a particular

~ scale, but attempts to place it in perspective to general vegetation mapping using

'~ . remote sensing techniques. The topic cannot be dealt with in isolation,

because 'success' or *failure’ of a technique in a particular application does not

demonstrate universal applicability /non-applicability of the technique.
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PART | GENERAL INTRODUCTION

1.1 LANDSAT TECHNICAL DETAILS

The first of the Landsat series of satellites was launched in 1972.  This marked the
development of space~craft borne multi-spectral scanner systems with the capability
of providing repetitive global coverage, considerable sensor spectral range and

covering extensive areas. It has also meant the provision of a volume of data on a

scale never previously available.

The Landsat satellites collect data globally in a uniform way.  The characteristics

of the satellites which allow for this are:

1. A near polar orbit, which allows for covering the entire earth's surface.
2. A sun-synchronous orbit, which means that all areas of the earth's surface are
viewed essentially at a mid-morning hour ( & 09h45 local time).  This means

a nearly uniform angle of illumination.

3.  Carrying a multi~band sensor, which allows for calibrated measurements.

4, T.wenfy passes over a specific geographical area each year.

5.  Uniformity of calibrated measurements.

6.  High altitude (900 km), and therefore small scanner system deflection.
(Fleming and Hoffer 1977).

The satellite orbits at an altitude of 900km.  The basic scanning arrangement of the

Landsat system, the Landsat ground cdverage pattern and typical ground trace for

one day are shown in Figure 1.1 (from NASA 1972).

The Landsat 1 satellite originally carried two sensing systems; the Return Beam
Videcon (RBV) and the Multi-spectral Scanner (MSS).  The selected channels for
the RBV were: ' '

0,475 0,575 pm  (blue-green)

0,580 - 0,680/4.:,4‘ - (green-yellow)
0,69 - 0,83 Mm (red and infra-red)

The three channels were focussed for 100 percent overlap.

This system generated some data of excellent quality initially but was shut down due

to high energy consumption (Lintz and Simonett 1976).
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The second sensor is a multi-spectral - band scanner which measures energy in the

range from 0,5 to 1,1 4m. . Table 1.1 indicates the bands and their corresponding

7

wavelength regions.

Table 1.1 Scanner pdrcfneters for the Landsat MSS data
Band » W;:velength' ' Calibration factor
o SJhm . (milliwatts/cm® = sr )
4 0,5 - 0,6 (green) o 2,48
5 0,6 - 0,7 (red) - 2,00
6 0,7 - 0,8 (near I-R) | 1,76
7 0,8 - 1,1 (near I-R) 4,60

The scanning technique employs an oscillating plane mirror and covers a pdth

185 km in extent with each scan.  The effect of the sccnnin.g is to divide a scene
into a rectangular grid of small cells, 56 x 79m in extent (pixels or picture elements)
and the radiance for each pixel for each wavelength is measured and recorded.

" Digital counts are recorded, but can be converted to radiance values as indicated

in Table 1.1.

An additional thermal infra~red channel (10,4 - 12,6} m) with a spatial resolution

of 240m is scheduled for inclusion in later satellite systems.

Figure 1.2 is an illustration of portion of the eleciro-magnetic spectrum, showing
where the Landsat bands fit in.  The quantity of reflected solar energy detected 7
by Landsat is determined partially by atmospheric conditions and the physical |
characteristics of the biotic and abiotic components of the ground-éover under
surveillance . Atmospheric aerosols, water vapour and dust do aftenuate reflected
radiation both spectrally and temporally; however these effects are minimised on
clear days. Physical surface characteristics such as texture, shape, moisture
cén_fenf and colour of individual components of the ground-cover affect the quantity
and intensity of their spectral reflectance. The effects that various ground-cover
components have on their reflectance depends on the frequency or wavelength of the
radiation concerned. Such effecfs are illustrated in Figure 1.3 which shows
generalized reflectance curves for three basic land~-cover features (water, healthy

. green-vegetation and soil) in the spectral region covered by the Landsat MSS.
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The properties of the Landsat multi-spectral scanner system which make it so -+

useful for detection of land cover surface features are:

1.

Identical geometry in each channel, achieved by beam splitting, leading to
close geometric congruence (band-to-band registration within one picture
element or pixel).  This greatly facilitates computer pattern recognition
studies and the production of three-colour image combinations, using three
channels or ratios of channels.

High radiometric fidelity ~ a characteristic typical of multi-spectral scanners
but not of either RBV or cameras. - |

Wide range in recorded grey-scale values (wide dynamic range), considerably

AS

greater than that available in black and white photography in the same bands.

This wide dynamic range is divided into 256 equal grey-scale steps, a number

far in excess of the corresponding value for film recording.  The digital tapes.

therefore include many data lost when film recording is used.
Digital data record in x~y format, readily and directly usable for computer

processing.  The digital tapes are thus referred to as CCT's (computer-

compatible tapes). » (Lintz and Simonett 1976)

Multi-spectral satellite products from Landsat can be obtained as photographic output

~ from computer optronics processing in the form of single wave band black and white

photo prints, black and white negatives, 3-band false colour composites and 3-band

false colour transparencies.

1.2

OTHER SOURCES OF DIGITAL DATA

Aerial photographs can be digitized by using a scanning microdensitometer to convert

the photographs to a digital format.  This can provide users with units of digital

information (numeric values corresponding to grey scale categories recorded on black ¢

and white imagery, or intensity on colour or other photo products) of varying size;

with resolution as large as 0,50 metres.  (Scoggings personal communication).

Alternatively aircraft borne MSS systems can be employed to- acquire digital data at

aircraft levels of resolution. The advantages of using aircraft for specific

purposes over limited geographic areas to record the MSS data are that the band widths

can be adjusted to meet specific requirements.
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1.3 IMAGE PROCESSING SYSTEMS

Satellite data is received at a ground station, processed and delivered to users in
the form of CCT's and/or photographic images. It then has to be converted into

information of use, ie it must be interpreted in some way.

For photographic products this amounts to visual pattern recognition processes;
and the image processing is done by eye. For CCT's, processing is done by or

employs digital image processing techniques.
Digital image processing involves three main branches:

I. Image restoration processes which'recognize and compensatz for data
errors, noise and geometric distortion introduced in the scanning and
transmission processes.

2.  Image enhancement processes which modify an image in order to alter
the impact on the viewer.

3. Information extraction processes which utilize the decision making
capability of computers to identify and extract specific groups of |

information.

(Sabins 1978).

I

Therefore an image processing system is essentially designed to cater for images
in the form of CCT's from a variety of sources in digital form.  The digital format
of the data allows for flexible manipulation with the aid of computer processing

techniques.

A user's manual for a particular system provides an overview of the general working
and capability of the system.  For example, the University of Cape Town Image
Processing System (UCT [PU) is designed to cater for images from a variety of sources;
namely: Landsat i, 2 and 3 satellites, NOAA 4 and NOAA 5 weather satellites,
and the CZCS (Nimbus-G) oceanographic satellite . The use of any of a large
selection of proceséing modules to produce output allows the user to better understand

and analyze his data.

Output from image processing systems is dependent on the sophistication of the system.
It can be on line printer, photographic negative or viewed on a TV interactive

system.



1.4 COMPUTER ANALYSIS OF DIGITAL DATA

Image processing can be regarded as any operation carried out on an image once it

has been recorded on some medium.

The processing involved in analyzing digital data has been categorized above .

In vegetation mapping, classification is implied. When faced with a highly
processed, precision corrected, edge enhanced photographic product from Landsat
data, a vegetation mapper is readily able to identify features but is literally

'not seeing the wood for the trees'. Of the 20 000 hues which his eye is able to
_detect, he needs to 'group’ these hues into perhaps T10 categories on the basis of
some ground feature criteria.  Classification techniques which simplify an image
are utilized by vegetation mappers, as opposed to image enhancement processes

which draw attention to detail .

Therefore the "information processes which utilize the decision making capability
of computers to identify and extract speciffc groups of information" (Sabins 1978)

are utilized.

The information extraction processes use computer classification techniques on two or
more bands of the Landsat multi-spectral scanner (MSS) data.  Processing of the
multi-band image is made possible by recognizing and classifying the spectral
signatures in their numerical form.  Each pixel is assigned to a specific class by
matching the spectral signature with the range of signatures determined for the class.
The preprocessing leading up to the classification is geared toward locating and
identifying representative groups of signatures called training classes and ensuring

that they are sufficiently different to prevent confusion among them.  This type of

pattern recognition in digital image processing is statistical in character, and includes

"statistical space" in which the "pattern" is a vector made up of a number of measure~

ments, in an n-dimensional space, where n represents the number of MSS bands

A7

utilized.  The pattern recognition system seeks to partition or place boundaries in the

n-dimensional space so that each region of the image can be assigned to a class of
patterns (Hajic and Simonett 1976). A mosaic of the image may thus be simplified

into a manageable number of relatively homogeneous spectral classes.
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There are two major methods of obtaining training classes.  The first, referred to

as the supervised approach (Hoffer 1972) involves locating individual pure areas of
pixels on the image which represent a single cover type of interest to the user.

This selection is based entirely on ground truth.  These areas are used to obtain
statistical training classes and the pixels in the image would be associated with one

. of the specified classes.  In this way only the data describing the classes of interest
is classified thus providing a final map of informational value.  The disadvantage
with this approach lies in misclassification of pixels as a result of overlap in spectral

characteristics obtained from the natural variations in ground-cover.

In the second method, the unsupervised approach (Wacker and Landgrebe 1970), an
" algorithm is used to delineate groups of pixels within the sample that are spectrally

similar in a representative sample from the image.

Ground-truth data is then used to relate these spectral classes to features on the ground.
This method is particularly useful in a heterogeneous scene in which the likelihood of

observing several adjacent pixels of the same cover type is low.

A hybrid approach involves locating several areas which together represent the
different cover types on the image.  Each area is then processed as in the unsuper-
vised approach to identify the training spectral classes. A choice based on ground-
“truth is made to decide which of the classes are valid and a final classification is then

obtained from the statistical data of the chosen classes.

The technique used in unsupervised approaches utilizes an iterative clustering
algorithm to create classes which can then be used to furnish a maximum likelihood
classifier with the required data input. The iterative clustering algorithm used by the
UCT CATNIPS system is based on the ISODATA technique of Ball and Hall (1965)

and the Bayesian Maximum likelihood classifier used as described by Shlien and

Goodenough (1973b).

As the clustering algorithm is iterative, it uses a considerable amount of computer
time and is consequently expensive.  To minimize computer expenses, the procedure
used to classify large areas involves the selection of one or more representative |
training sets which are iteratively classified in order to obtain discrete spectral

signatures for input into the Bayesian classifier.



PART If. FIRST PAPER: REMOTE SENSING IN VEGETATION MAPPING
IN SOUTH AFRICA

ML Jarman, N G Jarman and D Edwards

2.1 ABSTRACT

Effective use of remote sensing techniques for vegetation mapping and monitoring is
a function of scale, resolution, season of imagery, kind of vegetation, sensor and
spectral sensitivity, processing of the remote sensing product and speed and precision

of transfer of information into a map product.

The usefulness of types of data collected from a remote location for vegetation
mapping is described.  Various types of aerial photographic products usually
obtained from aircraft altitudes optimize spatial resolution, and visual interpretation
techniques are generally employed.  Digital products recorded and stored on
computer compatible tapes, from both aircraft and satellite altitudes, optimize
temporal aspects and parficulér spectral characteristics and utilize numerical

processing techniques‘.

Season of imagery and timing of photography can either enhance or mask features.
In well vegetated areas the season of maximum contrast between dominant elements
is the best season for imagery.  In low cover areas season of maximum leaf standing

crop is the best season to mask soil effects.

The general relationships between scale of study, scale of mapping and scale of
remote sensing products are dealt with.  The schemes dealing with those relation-
ships appropriate to the South African situation both for visual and digital analysis
are presented. A description of the type of remote sensing product and processing
and the type of field exercise appropriate to each is described.  The purpose of
producing maps at each scale is also dealt with.  The potential of imagery as a
monitoring tool is discussed.  Lack of repetitive imagery of any type to date has
not allowed for the full investigation of this potential. Careful planning at a

national level is necessary to ensure availability of imagery for monitoring purposes.

Map production processes which are rapid and accurate should be utilized.
Computer processing. of digital imagery has the advantage of the map production

process being part and parcel of the whole automated operation.



An integrated approach to vegetation mapping and surveying, which incorporates

the best features of both visual and digital processing, is recommended for use .

2.2 INTRODUCTION

nRemote sensing is the acquisition of physical data of an object without touch or
contact" (Lintz and Simonett 1976). Effective use of remote sensing techniques
for vegetation mapping and monitoring is a function of scale, resolution, season of
imagery, kind of vegetation, sensor and spectral sensitivity, processing c;f the remote

sensing product and speed and precision of transfer of information into a map product.

The field of remote sensing has expanded over the past thirty years from the use of
small scale panchromatic photographs taken from aircraft primarily for trigono~
metrical work, to a wide variety of remotely sensed products taken from various
platforms, from helicopters to spacecraft, used in many dlSCIpIIneSo

In this paper the potential of a variety of products available to South African users

and the processing facilities available will be discussed in the context of vegetation

science.

The current awareness by planners of the important role that vegetation plays in
maintaining a stable environment has created a demand for vegetation mapping and
monitoring at various scales.  The majority of these surveys can be more
efficiently and accurately done with the aid of remotely sensed products.
However, although air photographs have been widely used as support products in
vegetation studies in this country, there have been few published studies into the
comparative effectiveness of different products for specific purposes.  Most
workers have had one film or remotely sensed product made available to them, or,
at best have been in a position to order a particular product because of prior
knowledge of its effectiveness.  This paper attempts to bring together information
on various remote sensing products and the processing of them which would be

relevant to vegetation science workers.

In any vegetation study the problem, or aims and objectives, must be clearly
defined prior to embarking on the study, and especially before obtaining any remote

sensing products.
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If @ map is to be used to illustrate the results of a veget ation survey the amount of
information to be gathered by fieldwork and from remote sensing media should be
applicable to the final mapping scale. It is essential to understand the relafibn-
ships and differences between the terms 'scale of survey', ‘'scale of mapping' and
'scale of remote sensing' (Kuchler 1967; Edwards 1972a).  The scale of remote
sensing and mapping is entirely dependent on the scale of survey, which is dictated
by the problem which has to be solved and how the results are to be presented. .
For purposes of convenience vegetation surveys have been grouped into five major

classes:

1. General and general-reconnaissance surveys
. Reconnaissance surveys

2

3.  Semi-detailed surveys

4.  Detailed surveys and studies
5

Ultra-detailed surveys and studies
(after, Edwards 1972q; Edwards 1972b; Edwards and Jarman 1972).

It is implicit in the interpretation of remotely sensed products for vegetation
mapping purposes that a classificatory process is involved (Webb 1954). | This
emphasizes an important distinction between the approach of a vegetation mapper
and a geologist mapping geological surface features.  The geologist is trying to
enhance images for detail, whereas the vegetation worker is aiming to simplify the
detail into manageable categories - or classify ground cover types on certain

criteria.

It is essential that the nature and requirements of the classificatory process being
applied is clearly understood.  For vegetation survey, the view taken here is that

the properties of the vegetation should be the primary criteria for its classification.

The chief vegetational criteria by which vegetation has been classified, singly or

in combinations, are physiognomy/étructure and dominance, floristic composition and
successional relationships. Again, scale of survey, scale of mapping and scale of
remote sensing product determine the classificatory process used.  Non-vegetational
criteria such as habitat and geomorphology are used where vegetation units may not

be the prime consideration, such as in land use surveys.

When discussing scale in this paper, large scale includes scales of from 1:20 000 to

1:10 000 and larger, and small scale includes scales of 1:20 000 to 1:3 000 000 and

smaller.



With the current availability of remote sensing products, use of which will be
described in separate categories in the following account, it is highly recommended
that an integrated approach to the use of remote sensing products be adopted.

This implies a particular discipline and order in the collection and recording of all
levels of data - from precise (co-ordinate identification) location of sample sites
in the field; corresponding location of field sites on remote sensing products;
choice of size of sample site (it might well be necessary to take a series of nested
samples); recognition of the level of detail to collect at different scales;

use of different products or processing throughout an area in order to highlight
different features of the area; and storing of data in a grid system which could be
used by other workers in a variety of disciplines. It is also necessary that
nationally acceptable and applicable classification systems should be adopted for
describing extant vegetation or land cover samples.  There has récenfly been a
system devised for the structural characterization of vegetation in the Fynbos Biome
(Campbell et al 1981), whiich has produced encouraging results when compared to
vegetation map units produced by classification of Landsat imagery in the Langebaan

area (Jarman Part V- this report).

2.3 REMOTE SENSING MEDIA FOR VEGETATION SURVEYS

The procedure adopted in producing a vegetation map can be broken down into

three basic steps; data collection, interpretation and product generation (Fleming
and Hoffer 1977).  Two basic approaches to vegetation mapping are the image
oriented system and the numerically oriented system (Landgrebe 1973).  Both
approaches utilize data collected from a remote location.  Aerial photography is
usually obtained from aircraft altitudes, optimizes spatial resolution, and is recorded
on photographic film.  Multispectral scanner (MSS) data are recorded and stored

in digital or analog format on computer compatible tapes. Temporal and wave~
length characteristics are optimized and data are collected from both aircraft and

satellite altitudes.
2.3.1  Photo products for visual interpretation.

2.3.1.1 Panchromatic prints

South Africa has complete aerial photographic coverage in panchromatic film at
scales from 1:20 000 to 1:75 000.  These photographs are available from'the

Director of Trigonometrical Survey Office in Pretoria.  Photographs of this type



are used primarily for trigonometrical work, but have also provided a basis for most

vegetation mapping carried out with the aid of remote sensing media, in South Africa.

Panchromatic photographs are not as efficient, or as accurate for some interpretation
projects as certain other media, but these have often to be used in the absence of

more suitable media.

They have good tonal contrast in comparison to monochrome prints, with the human

eye being able to distinguish 200 tones of grey.

2.3.1.2 Infra-red black and white prints

Another air photograph product, in black and white print form, is the modified
infra-red photograph . This film is sensitive to near infra~-red wavelengths

(i.e. 0,83 - 1,1 microns) as well as the visible wavelengths, but not thermal
infra-red.  If only infra-red wavelengths were recorded, shadows would be black,
whereas detail in the shadows is visible in modified infra-red with red and green

light present and blue light excluded by a filter.

Obijects with high infra-red reflectance, such as plants which reflect infra-red from
the cellulose cell walls Blythe and Kurath 1968), show up in light tones, while
objects with high infra~red absorption, especially water, show up black making this
medium ideal for mapping vegetation in swampy areas. Black and white infra~red
photography was used extensively for forest inventories in North America, before
more sophisticated media became available, as the different types of timber trees
could be recognized by their differing infra-red reflectance signatures (Jensen and
Colwell 1949, Schulte 1951, Stellingwerf 1969).  Very successful vegetation
studies were also made using black and white infra-red photography (lves 1939,

Schulte 1951).

Useful qualities of infra-red film are its penetration of haze and its detection of free
water surfaces which show up pitch black (Spurr 1960).  Haze penetration is of
particular importance in tropical areas where atmospheric moisture decreases the

clarity of normal panchromatic photographs.

2.3.1.3 Colour aerial photographs

Experiments carried out overseas produced conflicting results about advantages
gained from the use of colour prints for vegetation studies. ~ Mott (1966), Anson
(1969) and Goodier and Grimes (1970) all state that colour photography gives no

added information over panchromatic photography for vegetation studies, while



Becking (1959) and Heller et al (1964) found colour to be advantageous. Goodier
and Grimes (1970) suggest however, that not enough basic research has been done

to show final conclusions.

Colour has been tried and prdved useful . Its major advantage lies in assisting
interpreters who do not have a wealth of experience, as they are able to recognize
patterns on hue as well as textural differences and site factors, and not merely on
slight tonal voridfions, textural differences and site factors as in use of panchromatic.
products (Duddek 1967). The eye can detect. 20.000 different hue variations
compared with a mere 200 tonal variations (Evans 1948).  Photo hues also
correspond very closely to the actual vegetation colours on the ground, which
facilitates recognition of Species.- ‘The disadvantages of this film type are that
flying cohdifioﬁs, due to ifs inability to penetrate haze, and the processing, are

more critical than panchromatic film and the cost is higher.

Colour transparencies have better resolution than colour prints (Welch._]968) and
possibly colours are more readily standardizedas there are fewer processing sfépﬁ.
Transparencies, however, are inconvenient for fieldwork as fhley require a light
table for viewing and annotation is more»difficu.lf. A field apparatus for
viewing transparencies has, however, been described by Wear (1960).  The moior‘
disadvantages with this product are that there is no n_egaf'ive master copy so that the

transparencies cannot be duplicated with ease.

2.3.1.4 Colour infra~red

Colour infra-red photographs, also termed "false" colour photographs, record the -

same wavelengths as the black and white infra-red but different dyes in the film are .
sensitive to the different wavelengths which create different hues on processing
(Smith 1968, Stellingwerf 1969)0 Hues on this medium represent the following hue
image features on the ground.  The red image colours on the photographs '
represent all objects on the ground with high infra-red reflectivity such as active
vegetation; ground features with red and green hues are represented by green and
biue photograph image hues respectively, while objects with blue hues are excluded

from the image by using a blue filter.

The use of the longer wavelengths improves haze penetration, which gives phc;fo -
images sharp boundaries, thereby improving resolution and making this medium

useful for very detailed work. Because of its haze penetration properties this



film can be used to great effect in high level photography (Pease and Bowden 1969,
Pease 1970). o ‘

" Colour infra-red film has been claimed by overseas workers to be ideal for vegeta-

tion studies (Anson 1969,. Colwell 1967, Driscoll 1971).  Anson (]969)_‘ claimed

that twice the detail could be retrieved on this film type than from panchromatic or

even colour film. = The use of this film medium is claimed by Lauer (1968) to
decrease interpretation time by 25 percent, while Haack (1962) however -iwas','
after statistical analysis, not convinced of the overall advantage of this medium.
The various claims for this film type cannot be evaluated unless the particular

problem for which it is to be used is clearly defined.

2.3.1.5  Multi-=spectral photography

A comparatively new product is multi-spectral photography described by Yost and
Wenderoth (1968) and Smith (1968).  Light reflected from various objects is
recorded by wavelength separately on black and white film. The sepdration of
light into the various wavelengths is done by using a number of lenses éoch with a
different filter combination. Pictures are then réconsfifufed by éuperimposing fhe‘

different black and white transparencies.

Being able to select the various wavelengths to be recorded makes this an

extremely versatile medium (Malila 1968, Ross 1971).

The multi-spectral approach has great potential for analyzing vegetation and
recognizing vegetation patterns, and has been used in a number of studies.
The Landsat series utilizes a multi-spectral system as one of its two systems for-

recording data.

Depending on the scale used this type of remote sensing can detect individual
species (Weber 1966) or make inventories of large areas (Lent and Thorley 1969).
This process is available in South Africa but has not been used for general
vegetation mapping from aircraft levels of resolution apart from brief experimental

natural resource studies of vegetation.

Multi-spectral satellite products from Landsat 1 and 2 in the form of single wave
band black and white prints, black and white negatives, 3 - band false colour
composites, and 3 - band false colour transparencies are all available at any

suitable scale of any specified portion of a Landsat scene (185 x 185 km) from the -



Satellite Remote Sensing Centre (SRSC). The standard products of a whole
Landsat scene (185 x 185 km) are issued as 1:1 000 000 scale, 1:500 000 scale and
1:250 000 scale products (18,5 cm; 37,0 cm and 74,0 cm sizes).

Specially processed high quality Landsat black and white or colour composite
imagery can be obtained from the same source. Enhancement includes haze
removal, de-striping, edge enhancement and correction of systematic errors,
all following standard procedures. UTM grids can also be provided.

The absolute geographical accuracy of grids depends on how well the satelhte
orbital parameters are known, but it is generally better than £ 15 kilometres. .

It should be noted that no ground control points are used.

Precision geometric correction using ground control points can also be performed on
Landsat imagefy within the Republic of South Africa where 1:50 000 survey maps are
available.  Under favourable conditions geographic accuracies of better than one
80 metre by 80 metre picture element can be obtained. Similar precision
geometric corrections can also be performed on Landsat imagery outside the
Republic of South Africa if the user can provide 1:50 000 maps of the particular

areaq.

Imagery processed on a non-standard way to meet the particular requirements of
specific experimental projects in remote sensing may be provided dependent on the
~ operational workload of the SRSC and subject to negotiation with the Council for

Scientific and Industrial Research (CSIR).

2.3.1.6. Other photographic media

Other remote sensing products include K~band radar (Morain and Simonett 1967),
Lewis and Waite 1973) and thermal infra-red imagery (Colwell 1967, Sabins 1973).
Neither of these have been successfully applied to vegetation mapping and appear

better suited to geological applications.

The 1:10 000 black and white ortho-photo product produced by the Directorate of
Trigonometrical Survey is also available for specific areas.  These are maps
produced from 1:30 000 scale black and white photos.  They are paper producfs,
not available as stereopairs, but have contour intervals of 5 metres drawn in on
them. In areas where they are available, they are a tremendous asset to field

location of sites and are generally a practical product to use in the field.



2.3.2 Digital imagery for computer-aided analysis

The emphasis internationally in the use of remote sensing imagery for mapping
purposes has swung away from purely visual or image oriented interpretation of
data, to numerical, computer assisted classification techniques.  These fall

within the general heading of digital image processing.

Image processing can be regarded as any operation carried out on an image once it
has been recorded on .;,ome medium. . Recording of spectral reflectance from a
portion of the electromagnetic spectrum in digital form allows for flexible
manipulation of data with the aid of computer processing techniques.  Digital

image processing comprises three main branches:

1. Image restoration processes which recognize and compensate for data
errors, noise and geometric distortion introduced in the scanning and

transmission processes.

2.  Image enhancement processes which modify an image in order to alter the

impact on the viewer.

3.  Information extraction processes which utilize the decision'making
capability of computers to identify and extract specific groups of

information (Sabins 1978).

Visual interpretation of imagery in the form of photo products is equivalent to
information or feature extraction processes when applied to digitally stored

spectral information.

The information exfracgfion processes use computer class;ificafion techniques on two
or more bands of mulfiispecfral scanner (MSS) digital data.  Processing of the
multi-band image is made possible by recognizing and classifying the spectral .
signatures in their numerical form. Each picture element (pixel) is aséigned to

a specific class by matching the spectral signature with the range of signatures
determined for the class.  The preprocessing leading up to the classification is
geared toward locating and identifying represenfdfive groups of signatures called
training classes and ensuring that they are suffic.ienfly different to pfevenf confusion .
among them. This type of pattern recognition in digital imdge procegsing is
statistical in character, and includes "statistical space" in which the "pattern"

is a vector made up of a number of measurements, in an n-dimensional space,



where n represents the number of MSS bands utilized. The pattern recognition
system seeks to partition or place boundaries in the n-dimensional space 5o that each
region of the image can be assigned to a class of patterns (Hajic and Simonett 1976).
A mosaic of the image mdy thus be simplified into a manageable number of

relatively homogeneous spectral classes.

2.3.2.1 Loandsat t;ompufer compatible tapes

Since January 1981, Landsat imagery has been directly received in digital form on
computer compatible tapes (CCT’s) ot Hartebeeshaek Satellite Remote Sénsing Centre.,
Digital imagery dating back to 1972 when the first Landsat satellite ERTS - A) was
launched is also obtainable via the Satellite Remote Sensing Centre, from NASA.
MSS Landsat data is recorded in four bands on computer compatible tape for units

called pixels (picture element 56 x 79 m or 0,44 ha). The wavelengths of the

bands are: ‘
Band 4° (Green) 0,5-0,6
Band 5 (Red) 0,6 - 0,7 A
Band 6 (near | R) 0,7-0,8 M
Band 7 (near | R) 0,8-1,1M

Processing of this digital imagery is being carried out for vegetation/land cover/
land use mapping purposes at the Satellite Remote Sensing Centre; at the National
Physics Research chdr.ctoryz (NPRL), Council for Scientific and Industrial Research
(CSIR), using the VICAR system on an IBM system 370/158 (see Fink and van Zyl
1977); at the University of Cape Town on a UNIVAC 1100 Model 18 Computer |
(see Cape Town Image Processing System (CATNIPS) Manual); and at the
Department of Survey, University of Natal on a UNIVAC computev.

(see Portable Image Processing System (PIPS) ).

2.3.2.2 Digitized air photos

- The Satellite Remote Sensing Centre has the facility to digitize standard air photos

on request . This is done by scanning the photo with a scanning microdensitometer
and recording the grey scales from black and white imagery, or colour intensity on
other imagery in digital form.  Scoggings and Ward (personal communication) are
involved in a vegetation study of the Kuiseb river region, using imagery which has
been processed in this way. All the techniques of digital processing carried out

on Landsat products are relevant to these digitized products.  They provide a
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superb inferface between satellite imagery and air photos, and between visual

interpretation and computer analysis feature extraction processes.

2.4 SEASON OF IMAGERY - TIMING OF PHOTOGRAPHY

As maximum information on remote sensing imagery is associated with maximum
contrast on the ground, remote sensing products should usually be made at the time
of maximum vegetal contrast on the ground.  This time of contrast varies,

depending on climate and structure of the vegetation.

In grassland, in South Africa, maximum contrast, in the visible wavelengths would
be in the autumn period of April and May, when the different grass species take on
their autumn colours prior to being bleached by the winter climate.  Similar results
are reported by Driscoll (1971) in America.  The exact time for ideal photography
will, however, vary from year to year depending on local variation in the rainy

season.

If it were necessary to make the imagery at a less favourable time, such as during
mid-summer, when all grasses appear a uniform green, it is possible to change the
remote sensing medium from, for example, colour prints to infra-red colour prints,
or multi-spectral photographs where the possible difference in species could be
detected using additional infra~red wavelengths or a particular section of the

electromagnetic band.

If, however, the aim were tb detect shrubs and trees in open woodland, remote
sensing products should be made when contrast between shrubs and trees and grass is
maximal, which would probably be prior to the trees losing their leaves, when
perhaps the grass is dying back, or after the first flush of spring, when the trees'

leaves are green, but the grass is still its winter yellow colour.

Repetitive imagery from Landsat 1 and 2 has shown the effect of seasonal change in
obscuring or enhancing certain patterns in the landscape.  In summer imagery over
the summer rainfall region of South Africa vegetative growth masks certain cultural
features, yet enhcnncés some geological features, In winter, evergreen
vegetation is clearly separated from seasonal vegetation, whereas in summer the

- differences are less marked as there is less contrast. . The timing of imagery is

therefore dependent entirely on the aim of the particular project .
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Work done by Jarman (Part IV, this report) on digital imagery in the Langebaan
area, and by Lane (1980) on digital imagery in the Verlorenvlei area has revealed
an interesting aspect of the importance of seasonal variation.  With good cover
West Coast Strandveld (Aéockﬁ Veld Type 34) communities (» 70 percent projected canopy
cover) in the Langebaan area, summer imagery provides greater distinction between
the drought deciduous elements (losing leaves in summer) and the evergreen
elements. However, further north ot Verlorenvlei, as the ground cover drops to
values of 5 - 25 percent, summer imagery containing the drought deciduous elements
gives no distinction from the background soil characteristics. It would appear that
in the lower cover categories (below 50 percent ground cover), the time of maximum
leaf standing crop is the best time for vegetation mapping. In good ground
cover areas ( ? 50 percent) the time of maximum contrast between dominant

elements should be chosen.

Time of the day at which imagery is taken is also important.  Careful selection of
sun angles can utilize shadow to enhance features.  Photographs taken at midday
in some areas can also introduce a haze problem. The Landsat satellite orbit is
sun-synchronous, and the satellite passes over a particular area at the same time of
the day at each pass. However, throughout the year, the sun angle is changing
all the time. Thus repetitive Landsat imagery can reveal /enhance certain
features because of the changing sun angle. This is an advantage when it comes
to enhancement for feature extraction purposes - but a disadvantage when change

detection is the main objective.

2.5 SCALE OF SURVEY, SCALE OF MAPPING AND REMOTE SENSING

Kichler (1967) stresses the relationships between the scale at which the survey is
planned, the final mapping scale and the scale of suitable remote sensing products.
Different scales of survey will detect different types and sizes of vegefation pattern.
The survey scale hence indicates the degree of precision at which the vegetation is
studied, recognized and described. Table 2.1 is not intended as a rigid system, but

is a suggested system relating these three factors.

The major groups of scales of survey with their inherent restrictions as to field methods
of vegetation analysis and scale of remote sensing products are presented in this table.

Scale of remote sensing products is usually larger than the mapping scale.



The remote sensing product contains more information than is actually required on
the map. The scale difference is in order to make boundaries as accurate as
possible. It does mean, however, that for mapping, much of the information on
_the remote sensing product has to be classified into major types to make the map

easily intelligible.

The classing of survey scales given in Table 2.1 based on Edwards (1972b) is one of
many similar classifications.  However, it has been designed for specific use in

South Africa. It is appropriate to visual interpretation of photo-products.

Table 2.2 (from Jarman, Bossi and Moll 1981 - Table 3.1) relates to the use of

computer classification procedures as applied to Landsat digital imagery.

It gives a breakdown of selected scales of mapping based on Table 2.1, giving the
minimum size of map unit recognized at each scale, and what this means in terms

of the number of pixels involved in classification in each instance.

In the Jarman, Bossi and Moll (1981)study involving computer classification of

digital data it was decided to limit investigation to four scales of operation,

namely:

1. detailed (1:10 000)

2 semi-detailed (1:20 000)
3. semi-detailed (1:50 000)

4 reconnaissance (1:250 000)

These four scales of operation were selected because of the availability of maps,

standard air photo products, and orthophoto products at these scales.

2.5.1 General and general reconnaissance surveys

The purpose -of these surveys is to ascertain the major classes of vegetation at
regional and sub-regional landscape levels and the main climatic, soil and biotic
relationships (biomes). Major extensive functional processes prevailing in the
ecosystems involved, such as the main plant successional trends, or retrogressions,
leading to prevailing climax, sub-climax and disclimax types would be identified.
These surveys are based on either general observational data or on indeterminate
stand data, that is, sample plots without a specific size, such as those in Acocks'

method (Acocks 1953). Mdpping scales used to show the distribution of vegetation

are at 1:1 000 000 or smaller. The value of such surveys is for general and
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Table 2.2 Relationship between map scale, smallest recognizable map unit
(in ha) and number of spectral units used in numerical classification

of digital remote sensing data (from Jarman, Bossi and Moll 1981).

Final map scale Smallest map unit recognized = Units used in

2 print characters classification

No. of . ' No. of

pixels (ha) pixels (ha)
General and General 3 200 1 408,0 1 600 704,0
Reconnaissance (40 x 40)

>1: 1000 000

Reconnaissance ' 200 88,0 100 44,0

1 : 250 000 (]Ox]O)
Semi~detailed 8 3,5 4 ' 1,8
1 :50 000 (2x 2
1 :20000 2 - 0,8 ] 0,4
Detailed ] 0,4 ] 0,4
1 :10 000 '
Ultra-detailed Beyond the limits of resolution of current

<{1:500 Landsat series
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regional planning and for determining problem areas requiring further investigation.
The map products would be prepared for those in the >p|anning and administration

levels.

For such surveys the obvious choice of remote sensing product to detect the main
landscape vegetation patterning is small, of the order of that obtained by high
altitude, ultra wide angle photography and satellite imagery.  Photo scales used

are thus 1:500 000 or smaller.

At these scales stereoscopic coverage is often not possible.  The Landsat Return
Beam Videcon and MSS do overlap sideways sufficiently for stereoscopic viewing
(Lintz and Simonett 1976).  Stereoscopy at this scale, however, is often not even

required as these images are required only as mosaics.

The remote sensing medium, by nature of the distances involved, between 'sensed®
surface and recording surface, must be highly sophisticated, and the accepted forms
are multi-spectral imagery as well as active and passive radiometric methods, whose

images may be displayed in the form of a computer print-out.

The application of computer classification techniques to compressed Landsat digital
data at this scale would not be suitable.  Compressing information into 40 x 40
pixel blocks at a 1:1 000 000 scale of operation would lose too much information

(Jarman, Bossi and Moll 1981).

Maps resulting from these surveys, at scales of about 1:1 000 000, cover large areas
and delimit major vegetation types.  The usual approach to this type of mapping
would be either from combining information from larger scale maps or from photo-
graphic images at extremely small scales, such as the photographic imagery from

Landsat 1 and 2, which is commonly available at a scale of 1:1 000 000.

The only vegetal detail to be considered at this level would be gross physiégnomic
types, which are often associated with major geographical divisions as expressed by
Drued (in: Cain and Castro 1959), for example; equatorial forests and monsoon
forests, or recognizing only the vegetation formation types like forest (Fosberg 1961).

- These vegetation maps are not based on any detailed fieldwork.

African maps produced for these purposes include the AETFAT Vegatation Map of
Africa, South of the Tropic of Cancer (Keay 1959), at a scale of 1:10 000 000 and a
map at a scale of 1:4 000 000 by Pole Evans (193¢) of the Vegetation of South Africa.



The best known map of the vegetation of South Africa is that by Acocks (1953) ot a
scale of 1:1 500 000.  This map represents an exception to the general rule for
surveys at these scales, as the vegetation classification is based on floristic data and
site type criteria from *samples® which provides unusual detail at this level of survey.
On every landscape type, or area within the same farming potential , Acocks (1953)
recorded all the species present and their abundance, and on this his Veld Typevs were
based.  In this case the information was initially mapped at 1:500 000 and then
reduced to 1:1 500 000 to give a more concise picture gnd a more pracfi;:cul and

manageable map.

2.5.2 Reconnaissance surveys

The purpose of these surveys is to redefine and confirm more accurately the main
classes of v.egefa’rion established by the general surveys, but specifically to determine
the main communities. Ecolog’iccll relationships in terms of habitat and biotic
relations, and functional community processes such as plant succession, are investi-
gated in greater detail for the main plant communities. Such surveys may be
based upon lists of species from non-defined samples, or on a low density of sample
plots within the main community types that are defined by relatively gross physiogno-
mic, floristic and ecological criteria. Mapping scales are from 1:1 000 000 to
1:50 000. Appropriate air photo scales for visual photo interpretation in such

_surveys are between 1:40 000 and 1:500 000, obtained from fairly high altitude and

wide angle air photography .

At the smaller scale stereoscopic cover is not necessary, but at the larger scales it

becomes desirable to assist in more detailed interpretation.

The photographic products of small scale vary from sophisticated satellite-borne
media, such as multi-spectral imagery and radiometric methods, to infra-red false
colour for high-level photography (scale 1:150 000). The only larger scale photo
products, which have until recently been available, are panchromatic film or infra-
red colour photography . Colour photography is not usually recommended due to

the préblem of haze penetration making colour photography impfacfical .

In areas where cloud cover is virtually continuous and atmospheric moisture level is
extremely high, as in Nicaragua (Crook and Kyle 1972) and Panama (Crandall 1969)
in Central America, radar has been used as a remote sensing device which can

penetrate cloud to give imagery for this scale of survey.

. s



Use of computer classification procedures of feature extraction on digital imagery at
this scale of operation is ideal . Compressing the spectral information to a

10 x 10 pixel matri;(, with each unit used in the subsequent processing being 44,0 ha
iﬁ extent, results in a computer print out map product which is approximately

1:250 000 in scale.  This is an ideal scale for operation due to the availability to

all potential users of 1:250 000 Topographic and Topocadastral series produced by

Trigonometrical Survey for the whole of South Africa.

Jarman, Bossi and Moll (1981) found that the reconnaissance scale of operation best
utilizes the digital satellite data, as the classification routines involved compress
the spectral information into manageable proportions. The returns on time and
the amount of field control work necessary to produce a satisfactory classification

are very good.

The final map produconf this scale of survey is between 1:1 000 000 and 1: 50 000,
while remote sensing products would be at scales of 1:500 000 to 1:40 000.
This would require a reduction in scale of between 10 and 2,5 times from the remote

~ sensing image to the map.

The classification of vegetation used here remains general with divisions on gross
criteria such as major physiognomic formations being recognized, together with
qualifying floristic data in terms of major dominance types.  This type of mapping
has been used extensively in areas where basic resource surveys of developing
countries were required to enable initial apportionment of an area for efficient land

utilization.

The field information required to produce maps of this type is based on a low density
of actual samples.  This means that communities recognized have a type situation
where some method of vegetation analysis was applied and a number of these type
situations were grouped to give a vegetation classification.  The community type
is then associated with its aerial photo image and, often, a site type and an overall
picture is obtained of the vegetation by annotating recognizable vegetative
communities.  This scale of survey is carried out by the Directorate of Overseas
Surveys, United Kingdom (Aitchison et al ]972); with vegetation communities such

as Acaci a raddiana tree and shrub savanna, Boswellia Woodland/Tree savanna being

recognized.
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This scale of survey has not been much used in South Africa, possibly as air photo-
graphy in South Africa was, until the late 1950%s, taken at scales of 1:20 000 and
1:30 000 only.  Acocks' Vegetation map, although published at a scale of

1:1 500 000 and therefore grouped as a General or General Reconnaissance Survey,

contains detail sufficient to be classed as a Reconnaissance Survey.

2.5.3 Semi-detailed surveys ‘

These have the objective of discerning, defining and investigating vegetation upon
the basis of the plant community . The physiognomic and floristic structure of the
community and its habitat are determined by analysing circumscribed sample ploféo
Mapping of the plant communities is at scales from 1:10 000 to 1:50 000. This
corresponds approximately to the medium scale of the Directorate of Overseas
Surveys, who recognize scales from 1:25 000 to 1:125 000 as the medium scale limits,
but with an emphasis on 1:50 000 (Read et al 1973).  These surveys are of major
importance in defining, classifying and studying community and habitat relations
from quantitative or semi-quantitative data. They provide also the main classi-
ficatory reference framework for ecosystems from which the extrapolafioﬁs and
predictions provided by more detailed studies can be made.  They are the type of
survey upon which most management procedures of an area are based. Appropriate
air photo scales for such surveys are from 1:5 000 to 1:20 000, for upon these air |
photograph scales can be determined the various plant communities, and measurement
of vegetation density and cover can be made with reasonable accuracy appropriate

to the scale of survey. However, where some photo scales are not available,
use can be made of 1:30 000 to 1:40 000 scale photos for devising appropriate

sampling strategies and tactics, as well as for the final mapping of the vegetation.

The main remote sensing product used in the past was panchromatic prints. This level

~ of survey is, however, ideally suited to colour photography .

The emphasis in this scale of survey is on a moderately high plot sample density
which records vegetation pattern at an Association level (Shimwell 1971), and air
photos are important in all phases. As they are especially important in the field,

positive transparencies are impractical.

Stereoscopic coverage is essential at this level of survey to increase accuracy of

visual interpretation and, thereby, use the imagery to its maximum advantage .
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There are a number of classification methods which may be used to group vegetation
info classes at this scale.  The methods most comrhonly used are physiognomic/
floristic (dominants) ones similar to the previous survey scale, but the pattern of

vegetation recognized is finer.

Floristic methods too may be applied effectively to classify vegetation. Computer
classification techniques applied to Landsat digital imagery can be utilised at this
scale of operation, but must be based on good ground truth and precise location of
samples using ground control points.  One of the benefits of digital Landsat imagery
is its versatility when it comes to scale of operation. It can be used from a map
scale of 1:20 000 to 1:250 000, and the units of resolution can be adjusted to meet
the requirements of each scale of operation. At a semi~detailed level of

investigation single pixels are used as classification units ~ (Jarman, Bossi and Moll

1981).

These techniques were applied with some success at a semi~detailed level of investi-
gation in the Langebaan area (see Jarman and Jackson Part III - this report).

In this study, the map units defined were structural units and not floristic ones.

Computer classification of digitised standard air photo products would be more
appropriate to this level of survey, in that the floristic differences which are not
' always discernible from satellite imagery become so on air photo products of

1:20 000 and larger.

2.5.4 Detailed surveys

These have the purpose of studying in detail the structure and Funcfibning of one or
more of a group of closely related plant communities (or ecosystems).  Such
surveys are based on intensive quantitative sampling of vegetation and environment
and mapping is at scales larger than 1:10 000. ~ The results of these surveys can
be extrapolated and predictéd on the basis of the classificatory reference framework

provided by the semi~detailed and coarser surveys.

Air photograph scales that are used must be larger than 1:5 000 so as to allow species
of trees and large shrubs to be recognized, measurements of heights, density and

cover of the strata plants to be made, and large scale mapping to be done .
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This scale of survey provides the lclrgest range of possibilities for using remote sensing
techniques.  Standard panchromatic and colour prints may be used for a synophc
view, fieldwork, and orientation within a particular area.  For better defmmon,
positive transparencies, especially of the infra~red colour type, may be used.

Enhancement of certain features requires multi-spectral photography .

Radiometric methods, such as radar, may be also used. These methods provide
information in various forms, especially compufer compatible tapes, but thus far

have not often been used.

The scale requirements of the various products are varied and the platforms required
to raise the remote sensing instruments vary from aircraft, helicopters, balloons
(Rosetti 1963, Whittlesey 1970) to booms and ladders (Whittlesey 1966, Pierce and
Eddleman 1970), while in the other survey scales vertical and stereoscopic products
of remote sensing are required in order to give phoferommefrkically correct images.
In detailed work some recordings may be made from oblique angles, where, although

scale is variable and stereoscopy often not possible, the desired detail is obtained

(Harris and Haney 1973).

The object of carrying out detailed surveys is usually not merely to record the

position of plant communities, or mdlvnduol plants, depending on the particular
scale, but to study community or individual form and function. There are usually -
other measurements required and the map is merely to record where, and in what state,

the vegetal components are at a particular time.

Methods of studying and classifying vegetation are often quantitative at this level of
investigation, though other methods such as the Braun-Blanquet approach can be used,

provided the desired pattern of vegetation is reflected in the communities recognized.

Although computer classification of Landsat data can be carried out at these levels,
using single pixels as classificatory units, it is at the limit of resolution for this
imagery .

Again, the digitization and classification of air photoproducts would be more

appropriate .
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2,5.5 Ultra-detailed surveys

These surveys consist of detecting patterns of within pldnf community species groups -
sociability ratings - microhabitat species specificity, and microhabitat structural /
functional relationships, phenological studies, linking to ecophysiological
approaches, biomass estimates, etc.  Remote sensing platforms are essentially
ground-based, e.g. tethered balloons, frames, ladders, etc., and ground sampling
is infensive and quantitative . Succession can be monitored after fire, and
measurements are made directly off the photos. Stereoscopy is helpful‘in the
instance of wanting to make direct measurements off photos, but not essential.

There are techniques of taking pictures from directly above, and at right angles to
the sample site from which measurements can be made (Adams, personal communica~
tion).  Imagery is not used in ultra-detailed studies to the degree that it should be.

As a permanent record at a moment in time it cannot be bettered.

2.6 MONITORING VEGETATION CHANGE

The objectives of vegetation monitoring must be defined so that appropriate choice of
techniques can be made.  For instance it is necessary to know what must be
measured and what degree of detail and precision is required:  height, cover,
density, or productivity of dominant or certain species; growth form; community or
regional changes, or small sample plot changes . The regularity of recording of
imagery to meet these requirements must be ascertained, i.e. when and how often
should measurements be made ? Finally, careful consideration must be given to
what ground observation requirements for calibration and verification are necessary

in order to make the appropriate choice of remote sensing product and interpretation

technique.

Once the objectives have been defined, then the appropriate scale of operation can
be selected and the appropriate type of remote sensing product must be motivated for.
Monitoring something like normal regional habitat change would require, for example,
Landsat imagery taken at yearly intervals. Monitoring incidence of and extent of
fires on a regional basis would require at the minimum seasonal coverage, and

preferably coverage as regularly as it becomes available during the fire season.

At the theoretical best this is once every eighteen days for Landsat imagery .-



B2

At the scales for which processing of digital Landsat data is best suited

(1:50 000 to 1:250 000), provided the various programme parameters are kept

constant and cloud cover percentage controlled, once a scene has been processed

for one date, change can readily be detected on subsequent dates. It is not
necessary to define what the change is in terms of precise detail, but to identify
where it is for subsequent field checking would be sufficient advance. ~ Work done
in the Langebaan area has shown the strong link between plant community height,
canopy cover, type of substrate and spectral map class (Jarman Part IV = this report).
Incidence of normal successional changes in plant communities will not be easy to
detect, but the incidence of dramatic changes in canopy cover and height of dominant
strata due to accelerated erosion, fire, brush-cutting, clearing of areas for |

development, etc. will be readily monitored.

2.7 AVAILABILITY OF IMAGERY
The importance of this cannot be stressed sufficiently. In South Africa, imagery

available to all users not requiring special motivation is the standard black and

white panchromatic product produced by Trigonometrical Survey.

For its own purpose of mapping the country at a scale of 1:500 000, the office of the
Director General of Surveys plans to cover the Republic with panchromatic photo-
graphy at a contact print scale of 1:50 000 in approximately ten year cycles.  The
first cycle was initiated in 1971. They are currently also conducting experiments
with 1:150 000 photography for the purpose of monitoring changes. Depending
upon the nature and scale of changes detected, it will be decided whether or not
additional second cycle photography at 1:50 OOO is required. This means that
areas subject to rapid development will probably be re-flown at 1:50 000 earlier than

static areas, and ultimately of course, more often.

Other photography is organised and supervised by the Director General of Surveys

on the following basis:~

1. Areas for which orthophoto mapping has been requested and approved are
flown at 1:30 000 specifically for the production of the orthophoto maps,
at a scale of 1:10 000; -

2.  Black and white photography requested by other Departments, such as Department
of Agriculture & Fisheries, is normally flown at a scale of 1:30 000 or

1:40 000;
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3. Special jobs at other than the scales mentioned above and including colour

photography are considered individually and treated according to merit.

The whole air survey programme, including both photography required for the
Director General of Surveys' own mapping work and any requested by other Depart-
ments, is considered by the National Advisory Survey Committee. The size and
content of the programme approved by the co.mmitfee depends largely upon available

funds, and the motivations submitted by other departments.

‘As can be seen from the foregoing it is most unlikely that the major established

conservation areas will be included in areas flown on a routine basis, because, by

their very nature, they are areas of zero, or very limited, development or change.
The scale of routine photography (1:50 000 or 1:150 000) has so far in any case
proven to be of limited value for interpretation and mapping of vegetation, even for

transfer to base maps at 1:50 000 (Bands 1978).

Availability of Landsat imagery to date, prior to direct reception from Hartebeeshoek,
was sporadic to say the least. Within the study carried out on Fynbos Biome
mapping, of the 15 Landsat images needed to cover the whole Fynbos Biome geo-
graphic area only 12 were available for the whole of the 1972/73 period. (Bossi, personal
communication. It was not possible to investigate either monitoring of habitat
change or effects of season on vegetation mapping from the available imagery in the
investigation carried out by Jarman, Bossi and Moll (1981).  Even with direct,
regular reception, availability of imagery remains a problem.  Cloud cover is a’
problem, especially along coastal and mountainous areas. Fraser and Curran
(1976) report on two hypothetical satellite survey missions in which the success of

the first mission requires at least one observation of the entire lBSXZ@t?}field of view
“without cloud, and the second permits viewing whatever cloud free areas exist.

On successive satellite passes new cloud free areas may appear, and a mosaic of the

field of view can thus be assembled.

The results of this theoretical exercise showed that the entire field of view could be
seen on mosaicing with high confidence after 7 satellite passes, whereas the entire
field of view could be seen with only 50% probability after the same number of

passes. In fact 22 passes were needed for 90% probability of success.
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This emphasizes the importance for informed national integrated planning when it
comes to motivating for adequacy of scale of product and regularity of recording of

.imagery to be used in vegetation monitoring or seasonality studies.

2.8 MAP PRODUCTION

It is not intended to deal in any detail with the ivariefy of phofogrammefric
instruments and approaches to cartography available to vegetation mappers. It
suffices to say that the development of map categories, consistent identification of
photo units in visual interpretation, and subsequent transfer of information on to a
map presents the biggest obstacle to most workers - more often than not, maps are

not produced.

Thus at the larger scales in semi-detailed work, tying large scale air photo products
to digital processing at the map production stage is a very practical solution. It is
also suggested that establishing contact with photogrammetric and cartographic units,

and professional assistance at this stage saves time and money in the long run.

Computer classification of digital imagery has the advantage of the map production
being part and parcel of the processing. Products can be viewed/photographed
off TV screens; can be in map computer paper print-out form with suitable correction
to scale as part of the processing; or can be in photo print form from computer

optronics output. Again the latter can be produced at any desired scale.

2.9  SYNOPSIS OF AN INTEGRATED APPROACH TO VEGETATION
SURVEYING AND MAPPING

The approach to use of remote sensing products for vegetation mapping can be. broken |
down into three basic steps: data collection, interpretation and product generation. |
Developments in the techniques involved in interpreting imagery have tended to
polarise the approaches into either image oriented approaches or numerically oriented
approaches. Figure 2.1 from Fleming and Hoffer (1977) shows the interrelationships
between the image oriented and numerically oriented system and the possible links

between the systems.

Although both approaches utilize data collected from a remote location, the character-
istics and format are different. The first step, or data collection, is covered in
Section 2.3 in this report, which describes the products available to vegetation

mappers either as aerial photographs, or digital products.
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At the second step different approaches are used.  Photo inferpfefofion relies on
trained interpreters to do the analysis by identifying and delineating the various
vegetation types. Computer aided analysis techniques replace the repetitive steps
of identification and recording of decisions with a computer, thus reducing bias and

increasing speed (Baver 1976).

The third step in both approaches is dependent on the feature extraction process.
Product generation for the image oriented approach entails producing a-map by
transferring boundaries from annotated photo-units into a base map.  Areas of features

of interest are measured using dot grid or planimeter fechniques.

In the numeric approach, the interpretation is recorded on CCI’s as the decisions are
made.  Alphanumeric maps, digital images and estimates of map class areas are

produced by computer algorithms that summarise data from the CCT's.

Figure 2.1 shows the interrelationships between the two approaches.  Aerial photo-
graphy can be digitized by a scanning microdensitometer o convert the phofogrcphs to

a digital format. Conversely, digitized photographic or MSS data can be converted

to an image on a TV screen or on photographic film. Once data have been

displayed interactive systems allow for interpretation, redigitization and storingon CCT’s.
Map products from visual interpretation techniques can be digitized, stored and |
handled on CCT's (Boyle 1972 a and b). The reverse can also be achieved in that

digital information can be presented as line type maps on a plotter system.

It is recommended that the best aspects of both approaches be utilized  in a fully

integrated approach to a mapping problem.

2.10 CONCLUSIONS

Plants are a measure of the conditions under which they grow and act as an index for
soil and climate (Clements 1928). The fact that changes in vegetation occur is
visible proof of the dynamic nature of the environment. It is necessary to be able
to record and follow the vegetation changes in order to predict and determine and

* control any changes which could severely upset the balance of nature .

The various scales of surveys are required to provide planners with a complete picture.
The small scale surveys at the general and general reconnaissance levels provide

overall pictures of the global situation and modern satellite imagery can quickly and

effectively monitor changes.



Regional surveys provide the information for broad policy determination and planning

for areas which have similar problems.

The semi-detailed survey provides for resource management planning even down to

the farm level. !

Detailed surveys include studies for ecosystems. Knowledge of the structural and
functional attributes of ecosystems provides the means whereby appropriate ecosystem
management can be devised by the pasture or other applied scientist. . The role of

vegetation mapping is therefore of major importance.

Remote sensing products are desirable for most surveys at any scale.  The advantage
of having remote sensing products is that they provide a permanent record of a |
situation at a particular time. Differences may then be plotted over a number of
years if so desired. There are certain areas which are inaccessible by normal
transport and areas of this nature can best be surveyed using remote sensing techniques.
In other areas, although it is possible to work without remote sensing, the rate of
progress would be considerably slower and boundaries would not be as accurate as

those given by the synoptic view. The time and effort saved in fieldwork offsets

the additional cost of acquiring imagery.

Remote sensing products are therefore almost essential for survey work;  however,
their use should be restricted to situations where the information required can actually
be obtained using this approach.
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PART Il SECOND PAPER: USE OF LANDSAT DATA IN MAPPING
VEGETATION AT A SEMI-DETAILED SCALE

IN THE LANGEBAAN AREA, SOUTH AFRICA.
ML Jarman and A Jackson

3.1 ABSTRACT

A remote sensing project in the south western Cape aimed to determine the extent of
the Fynbos Biome and of the major landuse types within it. This study forms part of
an investigation into the usefulness of various remote sensing products in achieving
this aim. In particular, available Landsat | multi-spectral scanner (MSS) data in -
the form of computer compatible tapes (CCT's) obtained from the National Aeronautics
and Space Administration (NASA) via the Satellite Remote Sensing Centre (SRSC) at
Hartebeeshoek were utilized. The development of the Cape Town Image Processing
System (CATNIPS) suite of programmes at the University of Cape Town Image
Processing Unit (UCT IPU) and the VICAR system at the National Physics Research
Laboratory (NPRL), Council for Scientific and Industrial Research (CSIR), made the

application of computer classification routines to this satellite data feasible .

The classification routines used in the two image processing systems are an iterative
clustering routine based on the ISODATA technique (Ball and Hall 1975) and the
Bayesian Maximum Likelihood classifier (Schlein and Goodenough 1973).

A study area in the Langebaan~Saldanha area was chosen on the basis of the availa-
bility of ground truth. Application of the classification routines to the MSS data
resulted in a classification map which matched well with available ground truth and
with a vegetation map produced from visual interpretation of colour air photographs

backed by field checking of the annotated photo units.

3.2 INTRODUCTION

Fynbos is a broad category of heathland vegetation formations whose communities
characteristically include growth forms of the restioid, ericoid and proteoid types
(Taylor 1977).  These comprise Acocks' (1975) Veld Types 47 (Coastal Macchia),
69 (Macchia) and 70 (False Macchia). The Fynbos Biome is a geographic area

whose limits were set for the purposes of the Fynbos Biome Project as extending
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roughly from 31° to 35°S and 18° to 27°F. This encompasses the above Veld
Types and also two transitional shrubland types 34 (Strandveld of the West Coast)
and 46 (Coastal Renosterbosveld)  (Day et al 1979), which are not true *fynbos' |

communities.

This study forms part of an investigation into the usefulness of various remote sensing
products in determining the extent of the Fynbos Biome and identifying and mapping

. its major vegetation components.

The Langebaan area (33°05'S, 18°F) was chosen as a training site within the Fynbos
Biome as there was ground truth available to test the usefulness of Landsat | imagery
for vegetation mapping. The vegetation of the Langebaan area was mapped by
Boucher and Jarman (1977) using 1:10 000 standard colour aerial photographs,
produced by the Department of Surveying, University of Natal, after a flight over the
area on 26 March 1975 (Job 195). Comparison between this ground truth and
~computer analysis of portion of Landsat 1, multi-spectral scanner (MSS) image

E - 10055-08064 taken on 16 September 1972, was carried out in this preliminary
investigation, prior to extending mapping over the remainder of the Fynbos Biome .
The product of this investigation also provides a base map for monitoring any changes
in extent of various vegetation features using data from subsequent Landsat imagery
provided the various parameters used in the classification routines, and the percentage

cloud cover, are controlled.

3.3  METHODS

Standard air photo interpretation procedures were carried out using 1:10 000 scale
colour aerial photographs in producing the vegetation map of the Langebaan area used
as ground truth in this study (Jarman 1977). The annotated photographs were also

available for detailed examination of features of interest.

Landsat 1 imagery was analyzed in this study using the CSIR/AVICAR digital image
processing system as implemented on an IBM system 370/158 and the UCT CATNIPS
system as implemenfed on a UNIVAC 1100 Model 18 computer.  Both these systems
are general imagé processing systems which allow a variety of manipulations and
analysis techniques to be applied to MSS data. For details of the VICAR system as
implemented at the CSIR, NPRL see Fink and van Zyl (1977), and for details of the

- CATNIPS system as implemented at UCT see the CATNIPS Manual, UCT IPU.



Image processing can be regafded as any operation carried out on an image once it
has been recorded on some medium. Landsat records spectral reflectance from a
portion of the electromagnetic spectrum in digital form. - This allows for flexible
manipulation of data with the aid of computer processing techniques.  Digital image

processing involves three main branches:-

1. Image restoration processes which recognize and compensate for data
errors, noise and geometric distortion introduced in the scanning and

transmission processes.

2.  Image enhancement processes which modify an image in order to alter

the impact on the viewer.

3.  Information extraction processes which utilize the decision making
capability of computers to identify and extract specific groups of

information (Sabins 1978).

The information extraction processes use computer classification techniques on two or
more bands of the four band Landsat MSS data. Processing of the multi-band image is.
is made possible by recognizing and classifying the spectral signatures in their
numerical form.  Each pixel is assigned to a specific class by matching the spectral
signature with the range of signatures determined for the class. The preproce§sing
leading up to the classification is geared toward locating and identifying representa-~
tive groups of signatures called training classes and ensuring that they are sufficiently
different to prevent confusion among them. This type of pattern recognition in
digital image processing is statistical in character, and includes "statistical space"

in which the "pattern" is a vector made up of a number of measurements, in an
n-dimensional space, where n represents the number of MSS bands utilized.

~ The pattern recognition system seeks to partition or place boundaries in the
n-dimensional space so that each region of the image can be assigned to a class of
patterns (Hajic and Simonett 1976). A mosaic of the image may thus be simplified

into a manageable number of relatively homogeneous spectral classes.

There are two major methods of obtaining training classes. The first, referred to as
the supervised approach, involves locating individual pure areas of pixels on the
image which represent a single cover type of interest to the user. This selection is

- based entirely on ground truth. These areas are used to obtain statistical training

classes and the pixels in the image would be associated with one of the specific



classes. In this way only the data describing the classes of interest is classified
thus providing a final map of informational value. . The disadvantage with this
approach lies in misclassification of pixels as a result of overlap in spectral

characteristics obtained from the natural variations in ground-cover.

In the second method, the unsupervised approach, an algorithm is used to delineate
- groups of pixels within the sample that are spectrally similar in a representative

sample from the image.

Ground truth data is then used to relate these spectral classes to features on the
ground.  This method is particularly useful inaheterogeneous scene in which the

likelihood of observing several adjacent pixels of the same cover type is low.

A hybrid approach involves locating several areas which together encompass the
different cover types on the image. Each area is then processed as in the un-
supervised approach to identify the training spectral classes. A choice based on
ground truth is made to decide which of the classes are valid and a final classification

is then obtained from the statistical data of the chosen classes.

In this study unsupervised clustering techniques were applied to the MSS data for
selected test areas (see Figure 3.2), to define training sets of spectral reflectance

values for subsequent analysis.

An iterative clusfe'ring algorithm based on the ISODATA technique of Ball and Hall
(1975) was applied to the standard untransformed Landsat data for each test area |
using single picture elements (pixels) as classification units. The classes obtained
by this technique were then compared with units on aerial photography ‘and the ground
truth data. Slight parameter changes were made to optimise the fit of the data.
When a satisfactory fit had been achieved, the data for the area were then used to
train a deesian (Maximum Likelihood) classifier using a multivariate normal

assumption for application to the whole of the study area. For a description of

this technique see Shlein and Goodenough (1973)..

As the clustering algorithm is iterative, it uses a considerable amount of computer
time and is consequently expensive.  The procedure described of selecting small

test areas for the iterative processing minimizes computer expenses.
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3.4 RESULTS

Application of the ITCLUS algorithm to 'representative’ areas within the study area
(scene ID E 10055-08064, 16 September 1972; start line 1173 ~ start pixel 1890;
T1+T2=10,5+ 7,0 respectively), resulted in the production of fourteen distinct
spectral classes and two mosaic classes.  Some of these classes are not related to
the vegetation but reflect for example sand classes and water depth. The

classification map based on these classes is shown in Figure 3.1,

Comparison of this map with the ground truth map of Boucher and Jarmanv (1977) in
Figured2 is made by depicting the map classes in each instance which are equivalent
with the same shading. The original field samples were located as accurately as
possible on the computer classification, in order to arrive at the équivalent map
classes (see Jarman, Part |V -this report). Throughout this paper fhe‘ Boucher and
Jarman (1977) map class symbols A to M and computer spectral class numbers 1 - 14

are used.

Table 3.1 gives a breakdown of the computér classification map classes and their
counterparts in the Boucher and Jarman (1977) floristically based vegetation map.

The latter classes can be divided into five major physiographic categories:

" those occurring on unconsolidated dunes; those on consolidated dunes; those on
limestone outcrops and ridges; those on coastal shelvf sandy granitic locations and
those in low~lying marsh situations. The sixteen.computer map spectral classes can be div-
ided into twelve structural/florisﬁc vegetation units cafegorized on the basis of the
scheme produced by Campbell et al (1981) for structural characterization of
vegetation in the Fynbos Biome . These structural types are also named in Tablé&] .
The remaining four classes are sand and water classes. The sequence of computer
classes from top to bottom on Table 3.1 corresponds to increasing reflectivity in

Band 5. Generally, active vegetation and water have low reflection values in

Band 5, whereas bare, dry, non-vegetated areas have high reflectivity .

Classes 1 and 7 are deep and shallow water respectively . In the case of class 7,
the underlying sand has an influence on the relative reflectivity of the cover class.-
Classes 11,12,13,14,4and 2 correspond to map classes located in the marsh areas.

The low reflection values in Band 5 are due to water-logged conditions with surface

~water often being present and to the closed canopy of vegetation. Class 11

corresponds to Mb - (Cliffortia strobilifera) and Mc (Typha capensis) forms of Dense
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4. Compilation of final map classification (annotation of representative photo
units and development of map classification units).
An editing programme was employed to combine the statistics of cluster classes

to be used in the final classification process (EDTSIG).

5. Final classification of whe » study area.
The extrapolation phase then followed with the final pixel allocation to map
classes being made and di lay of the classification being achieved (MAXLIK
and MAPCLS). A Bayesian Maximum Likelihood classifier (Shlein and
Goodenough 1973) was used to obtain the final allocation of all pixels for the

whole study area into the cluster classes they closest represent.

6. Classification map scale corrections.
The final computer proces 1g involved scale corrections and geometric
corrections in the product n of a classification at a desired scale.  All
classification map products up to this stage of the operation had been at a
scale of T 1:24 000; single pixel units having been used as units of classifica-
tion.  This again is consistent with standard air photo interpretation techniques,
in that annotation of photos (feature extraction processes) is carried out at a

larger scale than the scale of the final map product.

The final classification was produced at a scale of 1:50 000 using the routines

SKEW and CLSKEW (see Figure 4.3).

Each sample site was listed with its floristic /structural /site designation (A - N)
(Boucher and Jarman 1977); its structural designation - including percentage canopy
cover, height of dominant strata « d dominant species (after Campbell et al 1981);
its aspect relative to sun-angle; substrate; biotic factors; its computer class

category (1 - 14) and spectral ref :tance values for all four wave bands of the MSS

data (see Table 4.1 Appendix).

Decisions were taken as to the relationship between the floristic groupings, structural

groupings and spectral classes ee Summary Tables 4.3 and 4.4).
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