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PREFACE

The Chief Directorate : National Geospatial Information (CD:NGI) is mandated to under-
take national mapping initiatives, acquire and orthorectify aerial photography and maintain
a national control survey network of South Africa. 

Spatial information describing land cover has become invaluable for spatial planning and
analysis covering a wide range of users from government to the private industry. Two na-
tional  Land  Cover  mapping  exercises  were  undertaken  between  1994-1996  and
2000-2003 and were driven by a consortium between the Agricultural Research Council
and the CSIR with industry participation. CD:NGI is the only institution with an appropriate
mandate, funds and organisational infrastructure to take ownership of future land cover /
use classifications and deliver land cover / use products at predefined intervals and with
consistent quality.

The CSIR Satellite Applications Centre (SAC) receives, archives, distributes satellite im-
agery and performs value addition and thematic information extraction as a service to gov-
ernment and the private industry. Considering that land cover classifications are mainly de-
rived from satellite imagery and the fact that  SAC has made considerable progress in the
automation of their satellite image value chain, it is apparent that SAC is in an appropriate
position to support CD:NGI in their land cover mapping initiatives. 

For the future land cover initiatives driven by CD:NGI, a field guide is required. This field
guide serves as reference for all land cover activities in South Africa. It should be a guide
to remote sensing practitioners and researchers working for government agencies, NGO’s
and private companies as well  as an educational tool for tertiary institutions generating
land cover products. 

The product gives guidance for the interpretation of land cover classes on the ground with
the aid of oblique panoramic photographs and characteristic descriptions as observed on
the ground. Furthermore, the bridge between a ground observation on the one side and
the characterisation of land cover classes from remotely sensed imagery on the other side
has to be breached with the description of land cover classes according to permanent and
temporarily varying spectral wavelength, textural, contextual and polarimetric properties at
different scales and resolutions. The proposition of classification methodologies for land
cover classes from remote sensing imagery is an integral part of this characterisation pro-
cess.

To demonstrate the validity of proposed class descriptions and classification methodolo-
gies and enable field guide users to test proposed methods and convince them of their
validity,  sample data and completed classification products are  provided with  this  field
guide. This data has to be normalised before being used and thus radio- and geometric
normalisation methodologies have been applied to the data and therefore also described
in greater detail as part of the field guide. 

A final component of the field guide product will be a detailed description of methodologies
for radio-, geo-metric and thematic accuracy assessment.
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GLOSSARY

ACS “Advanced Computing System” used by the Satellite Application Centre to process raw
Landsat imagery. Images are converted into a standardised raw product 0Rp from which further
systematic corrected products such as 1R (radiometric corrected) and 1G (radio and geometric
corrected) products are derived with the same software.   

Colour Composite. A colour image produced by the combination of three individual monochrome
images in which each is assigned a given colour. For ETM+ data, if blue is assigned to band 1,
green assigned to band 2, and red assigned to band 3, a true colour image will result.

Cubic Convolution. A high-order re sampling technique is which the brightness value of a pixel in
a corrected image is interpolated from the brightness values of the 16 nearest pixels around the
location of the corrected pixel.

Digital Elevation Model. A digital data model representing surface elevation in raster format and is
mainly referred to as a form of a DTM .

Digital Surface Model. A digital data model either in vector or raster representing the elevation of
surface features including the elevation of buildings, other man made features and vegetation. 

Digital Terrain Model.  A digital data model either in vector or raster format representing terrain
elevation and topography. This is thus equivalent to the elevation on the ground. 

Dynamic Range. The ratio of the maximum signal to the smallest measurable signal.

Electromagnetic Radiation. Energy emitted as result of changes in atomic and molecular energy
states and propagated through space at the speed of light.

Electromagnetic Spectrum. The system that classifies, according to wavelength, all energy (from

short cosmic to long radio) that moves, harmonically, at the constant velocity of light.

Enhanced Thematic Mapper Plus (ETM+). The ETM+ is a fixed-position nadir viewing whisk
broom instrument. The viewing swath is produced by means of an oscillating mirror system that
sweeps across track as the sensor field of view moves forward along-track due to satellite motion.

ETM+ scene. A set of ETM+ observations that covers 170 km in width by 185 km in length and is
centered about a WRS vertex.

FAST-L7A. A common data format used for the distribution of systematic corrected 1G processed
ETM+ imagery.

Geometric Correction. The transformation of image data, such as Landsat data, to match spatial
relationships as they are on the Earth, includes correction for band-to-band offsets, line length,
Earth rotation, and detector-to-detector sampling delay. For ETM+ data, a distinction is made
between data that have been geometrically corrected using systematic, or predicted, values and data
that have been geometrically corrected using precise ground control point data and elevations
models.
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Global Position System (GPS). A constellation of satellites that can be used to determine the orbit
of other satellites accurately.

Ground Control Point (GCP). A geographic feature of known location that is recognizable on
images and can be used to determine geometric correction functions for those images.

Image. The recorded representation of an object produced by optical, electro-optical, optical-
mechanical, or electronic means. It is the term generally used when the electromagnetic radiation
emitted or reflected from a scene is not directly recorded on photographic film.

Image Enhancement. Any one of a group of operations which improves the interpretability of an
image or the detectability of targets or categories in the image. These operations include contrast
enhancement, edge enhancement, spatial filtering, image smoothing, and image sharpening.

Image Transformation. A function or operator which takes an image as input and produces an
image as its output. Depending on the transform chosen, the input and output images may appear
entirely different and have different interpretations. Fourier, Hadamard, and Karhunen-Love
transforms as well as various spatial filters, are examples of frequently used image transformation
procedures.

Infrared. Pertaining to energy in the 0.7 - 100 µm wavelength region of the electromagnetic
spectrum. For remote sensing, the infrared wavelengths are often subdivided into near infrared (0.7
- 1.3 µm), middle infrared (1.3-3.0 µm), and far infrared (3.0 - 15 µm). Far infrared is sometimes
referred to as thermal or emissive infrared.

Irradiance. The measure, in units of power, of radiant flux incident on a surface.

Jitter. Small rapid variations in a variable (such as a waveform) due to deliberate or accidental
electrical or mechanical disturbances or to changes in the supply of voltages, in the characteristics
of components. Jitter effects arising from the oscillating mirrors and other movable parts aboard the
Landsat spacecraft are often a cause of certain anomalies in the image data received and must be
compensated for by the ground processing software.

L0R. A raw image product with neither systematic geo- nor radio-metric distortions removed.

L1G. An image processing level with systematic radio- (CCD calibration offsets) and geo-metric
distortions (jitter, yaw, pitch, roll, earth -rotation and –curvature) removed.

L1R. An image processing level with systematic radiometric distortions (CCD calibration offsets)
removed and calibrated to relative radiance values.

Landsat 7. Consists of the spacecraft and the ETM+ payload.

Map Orientated. An image processed at level 1G where the image orientation matches that of the
Cartesian map co-ordinate system. It is also referred to as NUP (North UP). This orientation entails
more re sampling than its counterpart “Path orientated” during 1G product generation.

Map Projection. Any systematic arrangement of meridians and parallels portraying the curved
surface of a sphere or spheroid upon a plane.
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Meta data. An archived set of descriptive information about a scene and the parent sub-interval that
provides a user with geographic coverage, date of acquisition, sun angles, could cover, gain states,
and other quality measurements.

Mosaic. An image made by piecing together individual images covering adjacent areas.

Multi spectral. Generally denotes remote sensing in two or more spectral bands, such as visible
and infrared.

Nadir. That point on the celestial sphere vertically below the observer, or 180° from the zenith.

National Land Cover 2000. A national land cover classification of South Africa based on Landsat
7 ETM+ imagery from 2000 – 2002. 49 Classes where captured at a 1:50 000 scale by various
parties.

Near Infrared. The preferred term for the shorter wavelengths in the infrared region extending
from about 0.7 µm (visible red) to about 3 µm. The longer wavelength end grades into the middle
infrared, sometimes called solar infrared, as it is only available for use during the daylight hours.
Also known as the shortwave infrared (SWIR).

Nearest Neighbour (NN). A low-order re sampling technique in which the brightness value of a
pixel in a corrected image is interpolated from the brightness value of the nearest pixel around the
location of the corrected pixel.

Orthorectified. Describing an image in which terrain relief distortions have been removed.

Panchromatic. A single band covering a broad range of wavelengths; usually used in context of
collecting information from the whole visible spectrum.

Parallax. The apparent change in the position of one object, or point, with respect to another, when
viewed from different angles.

Path. The longitudinal center line of a Landsat scene, corresponding to the center of an orbital
track. Sequential numbers from east to west are assigned to 233 nominal satellite tracks for Landsat
7. Path numbers are used with row numbers to designate nominal scene center points.

Path Orientated. An image processed at level 1G where the image orientation matches that of the
satellite path and not the Cartesian map co-ordinate system. It is also referred to as NOM (Not
Orientated to Map). This orientation entails less re sampling than its counterpart “Map orientated”
during 1G product generation. 

Pitch. The rotation of a spacecraft about the horizontal axis normal to its longitudinal axis (in the
along-track direction) so as to cause a nose-up or nose-down attitude.

Pixel. Picture element provided by a single detector scene sample output.

Pre-processing. All the processing undertaken on raw satellite imagery to a state where quantitative
image analysis can directly be performed on the imagery.

Radian. The angle subtended by an arc of a circle equal in length to the radius of the circle: 57.3°
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Radiance. Measure of the energy radiated by an object. In general, radiance is a function of
viewing angle and spectral wavelength and is expressed as energy per solid angle.

Radiative Transfer Model. A physical atmospheric correction whereby the transfer of
electromagnetic radiation through the atmosphere is modeled under known atmospheric conditions.

Rayleigh scattering. Selective scattering of light in the atmosphere by particles that are small
compared to the light wavelength.

Reflectance. The ratio of the radiant energy reflected by a body to that incident upon it. In general,
reflectance is a function of the incident angle of the energy, viewing angle of the sensor, spectral
wavelength and bandwidth, and the nature of the object.

Registration. The process of geometrically aligning two or more sets of image data such that
resolution cells for a common ground area can be digitally or visually superimposed.

Roll. The rotation of a spacecraft about its longitudinal axis (in the along-track direction) so as to
cause a side-up or side-down attitude. The roll axis is referred to as the y axis.

Row. The latitudinal (nominal) center line of a Landsat scene. Row 1 is at latitude 80° 47'N, row 60
is at the equator, and row 122 is at latitude 81° 51'S. In total there are 248 rows.

SA Explorer. A free data explorer distributed by the South African Government on CD containing
spatial suitable for an analysis of 1: 250 000

Saturation. The condition where energy flux exceeds the sensitivity range of a detector.

Shuttle Radar Topography Mission. A NASA space shuttle mission in 2000 carrying C and X
band SAR instruments with two antennas, acquiring inferometric imagery for the major landmasses
of the world to derive digital elevation models at different resolutions (90m C-SAR public domain,
30m C-SAR non-disclosed product and incomplete 12.5m X-SAR). 

Spectral Band. An interval in the electromagnetic spectrum defined by two wavelengths,
frequencies, or wave numbers.

Spot. A French satellite constellation consisting of Spot 2 (HRV), 4(HRV-IR & VEGETATION),
and 5 (HRG, HRS & VEGETATION) with the respective instruments on board.

Sun Elevation Angle. The angle of the Sun above the horizon.

Solar Zenith Angle. Reciprocal of the sun elevation angle.

Sun Synchronous. An Earth satellite orbit in which the orbital plane remains at a fixed angle with
respect to the Sun, precessing through 360° during the period of a year.

Swath. Refers to the 185 kilometer wide ETM+ imaging ground track.

Temporal Resolution. The expected repeat time between measurements over the same location.
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Thermal Band. A general term for intermediate and long wavelength infrared-emitted radiation, as
contrasted to short wavelength reflected infrared radiation. In practice, generally refers to infrared
radiation emitted in the 3-5 µm and 9-14 µm atmospheric windows.

Thermal Infrared. The preferred term for the middle wavelength ranges of the infrared region
extending roughly from 3 µm at the end of the near infrared, to about 15 or 20 m where the far
infrared commences. In practice the limits represent the the envelope of energy emitted by the Earth
behaving as a gray body with a surface temperature around 290 K. Seen from space, the radiance
envelope has several brighter bands corresponding to windows in the atmospheric absorption bands.
The thermal band most used in remote sensing extends from 8 to 15 µm.

Universal Transverse Mercator. A widely used map projection employing a series of identical
projections around the world in the intermediate latitudes, each covering 6 degrees of longitude and
oriented to a meridian. The UTM projection is characterized by its property of conformality,
meaning that it preserves scale and angular relationships well, and by the ease with which it allows
a useful rectangular grid to be superimposed on it. The UTM projection is most commonly used
with Landsat data.

Visible Radiation. Electromagnetic radiation of the wavelength interval to which the human eye is
sensitive; the spectral interval from approximately 0.4 to 0.7 µm.

Wavelength. Wavelength = 1/frequency. In general, the mean distance between maximums (or
minimums) of roughly periodic pattern. Specifically, the shortest distance between particles moving
in the same phase of oscillation in a wave disturbance.

World Geodetic System (WGS). The reference Earth model used by the Landsat 7 system.

Worldwide Reference System (WRS). The indexing system used for Landsat scenes defined by
path and row.

Yaw. The rotation of a spacecraft about its vertical axis so as to cause the spacecraft's longitudinal
axis to deviate left or right from the direction of flight. The yaw axis is referred to as the z axis.

Zenith. The point in the celestial sphere that is exactly overhead.

Adopted from Irish 2000a
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CHAPTER 1: INTRODUCTION AND OVERVIEW

1.1 Methodical Approach

The production of Land Cover GIS datasets has a long history which goes hand in hand
with  the evolution of  techniques developed to generate  this  information.  South  African
products are a classical example of this. The first national dataset was generated in 1994
from mono-temporal  second  order  polynomial  geo-referenced  Landsat  5  TM imagery.
These images were printed out as space-maps, visually interpreted,  digitized with a puck
into a polygon vector layer and attributed with their respective land cover classes.  The
product lacked the resolution, spatial and thematic accuracy  to which we are now accus-
tomed,  but at that time the computing power necessary to process a national Landsat TM
dataset was simply not available to the institutions undertaking the task. 

The next  national land cover product for the year 2000 included seasonal coverage of
Landsat 7 ETM+ imagery over two years. Orthorectification and thus exact geometric cor-
rection of the imagery was performed, although done with inconsistent reference data.
Classification was by then done mainly with pixel based statistical classifiers using very
little ancillary data to aid the classification, with the exception of wetland detection. Only in
rare instances was the imagery radiometrically normalised  for the direct extraction of sea-
sonal variability characterising land cover types. The large number of contractors involved
in this project, using different methods of classification, resulted in a product with hetero-
geneous quality  and   different interpretations of ambiguous class definitions. 

In recent years the private geo-information industry has advanced in the use of complex
pixel based geo-spatial models, statistical pixel based and simple segment based classific-
ation techniques to produce products of remarkable quality. Despite these advances, the
use of single remote sensing or biannual datasets prevails which  relies heavily on skilled
interpreters and an enormous of fieldwork effort  to adjust classification techniques and
models to local circumstances. This makes the generation of land cover products very ex-
pensive  and  time  consuming,  falling  short  of  the  budgets  available  for  such  national
products and the diverse user requirements which require frequent land cover updates at
considerable spatial and thematic detail with an inherent flexibility and consistent accur-
acy. 

Considering that land cover is often used to identify land cover change  and analyse the
dynamics in the landscape, the historic products mentioned above and current datasets
generated by the private industry remain problematic if not useless for this kind of analysis.
The qualitative nature of these products together with a changing nomenclature and spe-
cific user requirements are the main causes of analysis problems. The single layer raster
based format in which this data is provided to the user further limits the ability to satisfy a
wide range of requirements for a flexible GIS analysis.

The limitations listed above can only be overcome by the automation of land cover classi-
fication providing products  to users in complex data structures, giving  the freedom to
query and manipulate the data to extract the exact information required to address specific
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land management questions. The realisation of this new product is now possible with the
following prerequisites in place:

The availability of high performance computers or server clusters.

Software, image processing systems and methodologies to automate the radio- and geo-
metric correction of remote sensing data to such a level where it can be used for quantitat-
ive image analysis.

Image analysis software suitable for the quantitative characterisation of land cover classes
from multi-dimensional remote sensing imagery and ancillary data. This software  charac-
terises cognitive features as interpreted by the human brain and allows for the develop-
ment of work-flows and classification rule-bases  for a fuzzy classification of land cover in
an object oriented manner. One such software package is eCognition, developed by the
company Definiens since 1999, and having reached operational maturity in 2006. 

A large amount of multi-source and multi-dimensional remote sensing imagery of various
spatial, spectral, radiometric and temporal resolution all normalised to quantitative compar-
able  units  of  measure.  This  data  entails  the high resolution  digital  aerial  photography
provided by CD: NGI, useful for the characterisation of texture and the extraction of high
resolution digital surface (DSM) and digital elevation models (DEM). Furthermore the na-
tional annual Spot 5 2.5m mosaic provides value for the provision of textural and limited
spectral  attributes.  Multi-spectral  and  multi-temporal  datasets  with  a  spatial  resolution
between 6 – 50m and a coverage every 5 days – 1 month provide the phenological inform-
ation to discriminate different vegetation types ranging from natural vegetation to different
crop types. Sensors providing information on structural  properties such as provided by
SAR and LIDAR technology contribute to biomass assessment, and the description of the
third dimension in the landscape.

An  international  and  standardised  nomenclature  which  defines  classes  unambiguously
with attributes that can be related to a remotely sensed measurement. Such a nomen-
clature exists with the widely accepted Land Cover Classification System (LCCS) of the
FAO.

Wide range of available and standardised ancillary data to aid the classification models.
This data may include climatic, geological,  digital elevation information on infrastructure
and human population census data. 

This field guide aims at embodying a cookbook for the collection of field-data, the prepro-
cessing and radio- and geo-metric correction of remote sensing imagery, the extraction of
information indices from this data, preparation of ancillary data  and the subsequent classi-
fication of this data using approaches for the automation of these processes, leading to a
quantitative product of high and consistent quality. The classification is geared at the gen-
eration of an object-oriented product that allows the encapsulation of past and future land
cover products. This is achieved with a pixel oriented preprocessing and thematic content-
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generation,  followed  by an  object-oriented  classification  as  implemented  in  eCognition
software.  

 

1.2 Super-Sites

To develop  transferable  classification  rule-sets,  10  easily  accessible,  yet  diverse  and
complex super-sites where selected from 1:50 000 map-sheets to substantiate proof of the
methodological  soundness of the land cover mapping techniques illustrated here.  The
availability of remote sensing and ground truth data as well as the  representativeness of
the land-cover classes with the highest dynamics played a decisive role in the selection of
the sites.  Table  1 below provides a thematic  overview of  the sites while  Illustration 1
illustrates the geographic distribution of the sites. As part of this project,  data for each
super-site was collected, preprocessed and classified into land cover classes. 
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Table 1: 1 : 50 000 Map-sheet delineating super sites

Map
sheet

site
#

Name Coordinates Land Cover Application

2627DB 1 Vereeniging UL  26°30' S  27°45' E
LR  26d 45' S  28d 00' E

Heavy industry,
Mining, agriculture,
formal and informal
settlements

Interferometry, mine
monitoring, point
scatterers, polarimetry,
soil moisture, multi
angular analysis, land
cover classification 

2531AA 2 Kiepersol UL 25° 00' S  31°00 E
LR 25° 15' S  31° 15' E

Forestry, tropical
fruit, degraded
bushveld,
subsistence
agriculture

Interferometry, bare soil
fraction, dwelling count,
land cover classification

3318CD 3 Cape Town UL 33° 45' S  18°15' E
LR 34°00' S  18° 30' E

CBD, bare surfaces
(mountains) fynbos,
suburbs

Interferometry, point
scatterer analysis, land
cover classification 

3218DD 4 Piketberg UL 32°45' S  18°45' E
LR 33°00' S  19° 00' E

Grain production,
small town, fynbos,
orchards

Interferometry,
Polarimetry, crop type
and yield classification.

2531AB 5 Pretoriuskop UL 25°00' S  31° 15' E
LR 25° 15' S  31°30' E

Pristine savanna,
validation sites,
Kruger Park

Interferometry for
biomass and bare soil
fraction, separation of
herbaceous and woody
vegetation.

2930AD 6 Albert Falls UL 29°15' S  30°15' E
LR 29d 30' S  30d 30' E

Forestry, sugar cane,
agriculture, grassland

Polarimetry, multi angular
analysis. Land cover
classification 

3318DD 7 Stellenbosch UL 33°45' S  18°45' E
LR 34°00' S  19°00' E

Vineyards,  orchards,
forestry, aquaculture,
light industry, small
town

Multi angular polarimetric
analysis,
radargrammetry. Land
cover classification 

2528CC 8 Centurion UL  25°45' S  28° 00' E
LR  26°00' S  28°15' E

Airport, suburbs,
grassland, CBD

Interferometry
subsidence mapping,
radargrammetry, urban
mapping

2431CC 9 Bushbuckridge UL 24°45' S  31°00' E
LR 25d 00'S  31d15' E

Forestry, tropical
fruit, degraded
bushveld,
subsistence
agriculture

Interferometry, bare soil
fraction, dwelling count,
land cover classification

2431CD 10 Skukuza UL 24°45' S  31°15' E
LR 25°15' S  31°30' E

Pristine savanna,
validation sites,
Kruger Park

Interferometry for
biomass and bare soil
fraction, separation of
herbaceous and woody
vegetation.
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1.3 Project Work-flow

The following work-flow was adopted to facilitate work being done in chronological order
and experience gained in previous steps helping the operators conceptualisation of sub-
sequent steps. The preparation of a field visit was thus subsequently followed by the field
visit collecting data to train classification rule bases and validate the accuracy of their out-
puts with a separate subset. The field visit also helped remote sensing practitioners to un-
derstand the landscape better, thus developing intuition for the identification of key classi-
fication features. Field work data was subsequently assimilated and integrated into a valid-
ation database. Data selection, ordering, extraction, radio- and geo-metric correction  took
place in parallel, as was the re-assimilation and cleaning of the field-data collected for the
historic NLC 2000 project. With imagery normalised, information indices describing texture,
water and vegetation amongst many others where calculated in parallel to the preparation
of ancillary data. The classification of the imagery was followed by the packaging of the fi-
nal product. Illustration 2 below graphically represents the above mentioned work flow.
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Illustration 1: Map depicting the distribution of Super-Sites selected for the Field Guide exercise
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Illustration 2: Work Flow for the Land Cover Field Guide Data Product
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

2.1 Fieldwork preparation

Field work is a crucial component of any land cover mapping exercise. It allows the remote
sensing specialist to become familiar with the relevant landscapes and their associated
land cover classes. Furthermore, field work is also essential for the collection of sample
data suitable to train classification models and to be used to assess the accuracy of a res-
ulting classification. To save time and cost, a robust sampling design ensuring a good rep-
resentation of all classes while enabling easy accessibility in a consecutive manner is im-
portant. For this project field visits where undertaken by car, taking GPS referenced photo-
graphs from the roadside, and by aircraft, taking aerial photographs from a low altitude. 

Field maps  of printed Spot 5 2.5m imagery on A3 pages at a scale of 1:50 000 organised
in flip files where prepared for ground and aerial field trips. For roadside visitations, road-
vector layers were overlayed onto the Spot 5 imagery. Circular routes passing through het-
erogeneous land cover areas,   were selected. A 100 metre buffer was subsequently made
from these circular routes and a previous land cover classification clipped with this buffer
layer. Random stratified samples weighted according to land cover frequency where then
located and marked on the field maps.

For aerial surveys, flight lines or sampling transects where selected to once again provide
a good cross-section of the landscapes and  where then located and marked on the field
maps.

2.2  Global Positioning Systems

The use of GPS has become very powerful tools in various  GIS and remote sensing field-
work activities such as navigation, accuracy assessment and the precise correlation of fea-
tures on a map to features on the ground (Leick 2007).  GPS consists of a constellation of
24 satellites where four satellites are equally distributed in six circular orbits around the
Earth (US GAO 2009).  At any given time, at least eight satellites are visible for any loca-
tion on Earth.  The location is determined by a receiver on the ground that analyses sig-
nals from at least four satellites which emits timed signals of code indicating its location.
Although GPS technology is very accurate, there are different factors which can influence
its accuracy (Garmin 2009).  This include:

• ephemeris errors – which are caused by a change of satellite position.

• Time errors – which occurs when the receiver clock and and satellite clocks are out
of synch or when the atomic clock on the satellite runs too fast or too slow.  

• Atmospheric  interference –  which  are  factors  that  deflect  signals between the
satellite and the receiver.  The further the satellite is away from the Earth, the bigger
the interference.

• Multipath errors – which are caused when large objects such as buildings or trees
deflect signals.
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• Selective availability – is a fuzziness that the US Government used to introduce
deliberate errors into GPS satellite signals.

Dilution of Precision (DOPs)

DOPs are indicators of the GPS geometric accuracy.  The lower the DOP, the higher the
accuracy.  There are different DOPs for every GPS dimension and they are:

• HDOP:  horizontal DOP

− the uncertainty in a flat plane

• VDOP:  vertical DOP

− the uncertainty in elevation above a flat plane 

• PDOP:  position DOP 

− the combination of HDOP and VDOP as an Euclidean sum

− affects  the total error 

• TDOP:  time DOP

• GDOP:  geometry DOP

− the Euclidean combination of PDOP and TDOP, i.e. the overall accuracy

        

2.3 Field data collection

As all the field data needed to be digitally recorded and spatially referenced, digital camer-
as and GPS reference points where used to log each site visited. For each sample point
several photographs from different angles and directions where taken to get a good gener-
al impression of the landscape. In the case of roadside visitations,  many previously identi-
fied sites needed to be visited and their locations preloaded into a GPS. In the case where
interesting land cover  features could be observed between preselected sample points,
these  where  recorded  as  well  to  supplement  the  sample  dataset.  In  many  instances
samples where taken out of a moving vehicle. An average of two days was required to
cover one 1:50 000 map sheet. For the aerial transects, as many random samples repres-
entative of certain land cover classes where taken obliquely at different zoom levels.

For both types of field visits, time logged by GPS's and digital cameras was synchronised.
This  allowed photographs to  be geo-tagged automatically  via  post-processing with  the
open source software programme “GPS correlate”. Coordinates from geo-tags could then
be extracted automatically in QGIS to generate shape files hot linked to each photograph.
Areas of homogeneous land cover types clearly identifiable in the digital photograph could
then be digitized on screen as a polygon shape file with its embedded land cover attributes
using Spot 5 2.5m satellite imagery as the background image.        
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2.4 The LCCS classification scheme

With progress in the Africover project initiated in 1994, generating Land Cover for Africa, it
became necessary to standardise Land Cover and make legends from separate countries
compatible with one another. The Land Cover Classification System (LCCS) developed by
the FAO satisfies this requirement using a dichotomous and hierarchical classification tree.
The LCCS has since  been adopted as the international standard and national initiatives
globally have been striving to make their legends compatible with the LCCS. The “Global
Observation of Forest Change and Global Observation of Landcover Dynamics” (GOFC-
GOLD) working group has the function of coordinating international efforts to homogenise
national land cover classification systems. 

A general trend observed in modern classification legends and land cover services is that
there is a  drive to define classes that are considered pure land cover classes compared to
land use classes, and that these classes should be easily extracted from remote sensing
derived data with high classification accuracies. User requirements, however, are land use
driven with land cover only applying to areas covered by natural vegetation. To accom-
modate both highly accurate land cover products and land use based user requirements,
there is a slow but definite trend to provide land cover areas with land use attributes, giving
the user the flexibility to refine the land cover product to a land use product where re-
quired. Examples of such trends are the De Cover, GMES Geoland and MGCP projects.
This work was based on a combination of the LCCS Version 2 and the newly emerging
LCCS Version 3.

“LCCS has the potential to become accepted as the international land cover classification
standard thanks to its inherent flexibility,  applicability  to all  climatic zones and environ-
mental  conditions,  and  compatibility  with  the  existing  classification  systems.

LCCS has been submitted to ISO as two separate parts. The first, "Classification Systems
- Part 1, Classification system structure" is a generic standard for classification systems in
general and the second "Classification Systems - Part 2, UN FAO - Land Cover Classifica-
tion System LCCS Conceptual Basis and Registration of Classifiers" is a specific standard
for LCCS. These documents were given ISO numbers 19144-1 and 19144-2 respectively.
This enables other organizations to establish other types of classification systems, includ-
ing land cover classifications systems that are compliant with the generic standard but are
compatible with LCCS.

 
The documents were submitted to TC211 for comment and vote as a committee draft in
early 2006 and an "editing meeting" was held in May 2006. Editing was undertaken in
2007 based on comments received.

Part one is now a Draft International Standard (DIS) and part 2 is  a Committee Draft to be
voted for registration as a DIS.” Taken from: http://www.glcn.org/act_7_en.jsp

The LCCS language uses the following classifiers in a dichotomous sequence at a high
level of abstraction as shown in Illustration 3 below:
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Illustration 3: Classifiers of the dichotomous LCCS 2 Phase(adapted from Di Gregorio 2005)

As shown in the dichotomous LCCS classifier phase of LCCS Version 2, areas are split by
vegetation and non-vegetated areas, followed by terrestrial and aquatic environments, with
a final separation between artificial and natural environments. From the classification le-
gend above it becomes apparent that a single snapshot in time may not characterise a
land cover class correctly as water and vegetation cover may vary seasonally.  Thus a
multi-temporal reference dataset becomes essential already at these early stages of the
classification legend.

A set of hierarchical classifiers follow the dichotomous phase, unique for each of the eight
classification branches. These hierarchical classifiers are divided into different levels start-
ing from the top, increasing in complexity towards the bottom. In this way many hundreds
of classification permutations are possible and make a future aggregation of different clas-
sifications  difficult.  Illustration 4 below summarises the LCCS classification system high-
lighting the above mentioned complexity.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Primarily Vegetated Areas Primarily Non-Vegetated Areas

Terrestrial
Aquatic or Regularly 

Flooded
Terrestrial

Aquatic or Regularly
Flooded

Cultivated
and 

Managed
Terrestrial 

Areas 

Natural
 and 
Semi-

natural 
Terrestrial 
Vegetation

Cultivated
Aquatic or 
Regularly
Flooded
Areas

Natural or
Semi-
natural

Regularly
Flooded 

Areas

Artificial
Surfaces

and 
Associated

Areas 

Bare
Areas

Artificial
Water-
bodies
Snow 
and Ice

Natural
Water-
Bodies
Snow 
and Ice



CD:NGI Land Cover Field Guide 11

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 4: The LCCS 2 classification system, its two phases and the classifiers
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2.5 The South African LCCS Land-Cover classes

In January and February of 2008, CD:NGI contracted SAC to facilitate a series of work-
shops with all users of Land Cover data, formulating a set of land cover classes adhering
to the LCCS system. During these workshops, over 180 classes where defined, many of
them using the same set of classifiers, being discriminated only by one or two features.
The full classification tree can be found in Appendix I of this document. Considering that
the extraction of all these classes from remote sensing data is almost an impossible task,
being very expensive and time consuming generating a product of questionable accuracy,
another approach to land cover products had to be devised. 

The apparent solution was to condense the classification legend into 8 super-classes and
32 sub-classes which can be easily extracted with modern remote sensing techniques. To
allow users to extract any of the many classes defined during the land cover class defini-
tion workshops, a database schema was designed consisting of tables attached to objects
of a certain condensed class or groups of condensed classes. These will allow users to
query the land cover product with a combination of classifiers to extract any of the detailed
classes required to serve his purposes. The approach is particularly beneficial when using
classifiers that represent gradients with no natural breaks in their distribution or groupings.
Examples of such classifiers are “tree cover”, “vegetation cover” and “building density”. At-
tribute tables for all classes are listed in Appendix II of this document. The proposed model
above allows for a more accurate land cover change analysis which is a major requirement
for any land cover product. This object oriented approach is well in line with international
trends currently lead by the National Geographic Institute of Spain (Arozarena et al. 2006).
Most of the national land cover initiatives in Europe follow this trend. The condensed clas-
sification legend is shown in Illustration 5 below. 
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Illustration 5: LCCS compatible condensed South African land cover legend
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2.6 Individual Land Cover Class Description

In the following paragraphs, each individual land cover class will  be described in detail
each illustrated with several photographs. Sub-classes hereby inherit properties of their
super-classes.

 1.Natural and Semi-Natural Terrestrial Primary Vegetated Areas
Natural vegetated areas are defined as areas where the vegetative cover is in balance
with the abiotic and biotic forces of its biotope. Semi-natural vegetation is defined as ve-
getation not planted by humans but influenced by human actions such as grazing or over-
grazing the natural plant communities, or  selective logging in a natural forest where the
floristic composition has been changed. Previously-cultivated areas that have been aban-
doned and where vegetation is regenerating are also included. The secondary vegetation
developing during the fallow period of shifting cultivation is a further example. The human
disturbance may be deliberate or inadvertent. Hence, semi-natural vegetation includes ve-
getation affected by human influences but which has recovered to such an extent that spe-
cies composition and environmental and ecological processes are indistinguishable from,
or in a process of returning to its original, undisturbed state. The vegetative cover is not ar-
tificial. 

1.1 Trees
Areas with trees of various tree cover densities from 15% upwards, with the remaining
woody cover consisting of shrubs and bushes of no more than twice that of tree cover.
Trees are considered as woody vegetation with a distinct crown elevation >1.5m above
ground  level  with  a  total  height  of  >3m.  (Considering  that  the  crown elevation  above
ground is difficult to measure with conventional remote sensing, total height is the dominat-
ing classifier here). The class includes alien stands of wattle and eucalyptus that are not
formally managed. All forms of indigenous forests are included. Natural succession cycles
such as windfall in indigenous forests need to be accounted for. In the case of indigenous
forests, canopy gaps of up to ½ ha may still be considered as indigenous forest.

1.2 Shrubs and Bushes
Areas dominated by shrubs and bushes with a woody cover of >15% and a tree cover of
less than twice that of the remaining woody cover. Shrubs and bushes may vary in height
of up to 3m. This class may be subjected to succession regimes and natural disturbances
such as fire. Due to different succession cycles which are rainfall dependent, a time frame
of at least 3 – 5 years need to be considered before indicating a land cover change. An-
thropogenic disturbances such as land clearing implies a change in land use and needs to
be identified as such in the absence of fire and the positive identification of an anthropo-
genic land cover class.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 6: 1.1 Acacia Woodland, Natal Midlands
(source: W Luck2009)

Illustration 11: 1.1 Burned Fynbos, Jonkershoek (W Luck)

Illustration 7: 1.1 Fynbos: Southern Cape (NLC 2000)

Illustration 10: 1.1 Wattle Jungle, Eastern Cape (NLC
2000)

Illustration 9: 1.2 Shrubs and Bushes, Karoo (NLC 2000)Illustration 8: 1.1 Indigenous Forests, Knysna (NLC 2000)
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1.3 Forbs and Herbland
Areas dominated by forbs and herbs as vegetation cover with less than 15% woody cover
and > 4% vegetation cover. Forbs and herbs may have a small woody fraction which does
not exceed a stem diameter of 3 cm and a height of 0.5m. In South Africa this land cover
type is found predominantly in the winter rain fall  regions of  the Karoo and other arid
zones.

1.4 Graminoids
Areas dominated by graminoids (grasses) with > 4% vegetation cover. Areas may contain
up to 15% woody cover. Fire is a driving disturbance factor that plays a dominant role in
areas of higher annual rainfall between 300 – 2000mm. The highveld is particularly domin-
ated by this land cover type and burns at least every three years. Fires are often followed
by a premature green-up stage during the dry season while  undisturbed areas remain
dormant. Grasslands may be almost bare during extended periods of drought and during
the dry season. Grasslands therefore have to be accessed and classified during periods of
higher rainfall.  

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 17: 1.4 Succulents and dwarf shrubs,
Richtersveld (NLC 2000)

Illustration 16: 1.4 Dwarf shrubs and herbs, Karoo (NLC
2000)

Illustration 15: 1.3 Highveld grassland Illustration 14: 1.4 Succulent bushes, West Coast (NLC
2000)

Illustration 13: 1.4 Wooded grassland 2824 (NLC 2000)

Illustration 12: 1.3 Arid Grassland, Kalahari (NLC 2000)
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2. Natural or Semi-Natural Aquatic or Regularly Flooded Vegetated Areas
This class describes areas that are transitional between pure terrestrial and aquatic sys-
tems and where the water table is usually at or near the surface or the land is covered by
shallow water. The predominant vegetation, at least periodically, comprises hydrophytes.
Wetlands, marshes, swamps, bogs or flats where drastic fluctuations in water level or high
concentration of salts may prevent the growth of hydrophytes are all part of this class. The
vegetative cover is significantly influenced by water and dependent on flooding (e.g. man-
groves, marshes, swamps and aquatic beds).Occasionally-flooded vegetation within a ter-
restrial environment is not included in this class.

Natural vegetated aquatic habitats are defined as biotopes where the vegetative cover is in
balance with the influence of biotic and abiotic forces. Semi-natural aquatic vegetation is
defined as vegetation that is not planted by humans but which is influenced directly by hu-
man activities that are undertaken for other, unrelated purposes. Human activities (e.g.
urbanization, mining and agriculture) may influence abiotic factors (e.g. water quality), af-
fecting species composition. Furthermore, this class includes vegetation that developed
due to human activities but which has recovered to such an extent that it is indistinguish-
able from its former state or which has built up a new biotope which is in balance with the
present environmental conditions. A distinction between Natural and semi-natural aquatic
vegetation is not always possible because human activities distant to the habitat may cre-
ate chain reactions that ultimately disturb the aquatic vegetative cover. Human activities
may also take place deliberately to compensate for disruptive effects with the aim of keep-
ing a “natural” state.

2.1 Woody Wetlands
Areas dominated by woody cover (>15% woody cover). These might include woody ripari-
an vegetation, fresh water swamp forests, mangrove forests and floodplain woodlands and
forests.

2.2 Herbaceous
This includes all non-woody vegetation associated with standing water or temporary flood-
ing. Non-graminoids include rooted or floating plants such as kelp or seaweed in saline en-
vironments or water lilies in fresh water environments.   Graminoids less than 0.5m may in-
clude moist grasslands and salt marshes flooded for between 2 and 4 months or over 4
months, while Phragmities species, restios and papyrus stands will  be greater than 0.5m
with a similar flooding frequency.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 18: 2.1 Mangrove Forest, St Lucia (M Luck-
Vogel)

Illustration 22: 2.2 Reedbed, Winelands (W Luck)

Illustration 21: 2.2 Wetland and Floodplain, Midlands (W
Luck)

Illustration 20: 2.1 wild poplar stand on wetland,
Winelands (W Luck)

Illustration 19: 2.1 Riparian Woody Vegetation,
Stellenbosch (W Luck)
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3. Cultivated Managed Terrestrial Primary Vegetated Areas
This class refers to areas where the natural vegetation has been removed or modified and
replaced by other types of vegetative cover of anthropogenic origin. This vegetation is arti-
ficial and requires human activities to maintain it in the long term. In between the human
activities, or before starting crop cultivation, the surface can be temporarily without veget-
ative cover. Its seasonal phenological appearance can be regularly modified by humans
(e.g. tillage, harvest, and irrigation). All vegetation that is planted or cultivated with an in-
tent to harvest is included in this class (e.g. wheat fields, orchards, rubber and teak planta-
tions).

3.1 Needle Leaved Trees
All trees > 3m total height, bearing needle leaves (e.g. pine genus) or leaves of similar leaf
structure (e.g.  beef wood),  usually evergreen unless affected by fire.  Large to medium
stands are wood and timber producing single crop fields, while small stands may be con-
ifer wood lots or wind breaks.  Fields may be clear-felled and remain without vegetative
cover for up to a year.

3.2 Broad Leaved Evergreen Trees
All broad leaved trees > 3m total height, bearing leaves throughout the year or maintaining
a fair amount of foliage throughout the year.  Small stands used for wood lots may include
wattle, eucalyptus species and other indigenous and non-indigenous broad-leaved ever-
green trees.  Large to medium field sizes may include irrigated or rain fed food crops such
as citrus, fruit and nut orchards or fodder crops, and non-food crops including wood and
timber species.  Fields may be clear-felled and remain without vegetative cover for up to a
year.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 23: 3.1 Pinus radiata, Jonkershoek, (W Luck)

Illustration 25: 3.1 Beefwood, Mine rehabilitation,
Richards Bay (M Luck-Vogel)

Illustration 24: 3.1 Giant Redwood, Midlands (W Luck)

Illustration 28: 3.2 Clear-felled plantation, Midlands (W
Luck)

Illustration 27: 3.2 Eucalyptus grandis, Midlands (W Luck)

Illustration 26: 3.2 Black Wattle, Acacia meransii,
Midlands (W Luck)
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3.3 Broad Leaved Deciduous Trees
Broad leaved trees > 3m total height, losing all their foliage as part of a natural annual
cycle during a specific season.  Food crops such as peach and apple orchards and non-
food crops including wood and timber may be included.

3.4 Broadleaved Bushes and Shrubs
Broad leaved bushes and shrubs not exceeding the height of 3m, may be deciduous or
evergreen. Vineyards, flower production and rooibos tea plantations are included in this
class.  This class may included mixed cultivation either irrigated or rain fed.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 29: 3.3 Fruit Orchards, Apple Trees,
Stellenbosh (W Luck) 

Illustration 30: 3.3 Guava Trees, Paarl (W Luck)

Illustration 32: 3.4 Vineyards, Stellenbosch (W Luck) Illustration 34: 3.3 Citrus Trees (bushes), Swartland (J
Booysen DoA)

Illustration 31: 3.4 Rooibos tee, Sandveld (J Booysen DoA)

Illustration 33: 3.4 Table Grapes, Swartland, (J Booysen
DoA)
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3.5 Herbaceous Graminoids
All herbaceous graminoids such as grasses, maize, sugar cane and cereals.  This class in-
cludes food or fodder crops under irrigated or dry land conditions.  Small field sizes may
indicated subsistence crop farming, while large field size may be attributed to large or me-
dium commercial crop farming.  The fields may be fallow at certain times during the year,
or may be rotated with non-graminoid crops during different seasons.

3.6 Herbaceous Non-Graminoids
All  herbaceous non-graminoids such as cotton,  sunflower,  peanuts,  potatoes etc.  This
class includes food and fodder crops as well as non-food crops such as cotton, sisal, to-
bacco and bio-fuel producing plants.  Food crops may be irrigated or dry land crops includ-
ing above  ground  pulses,  fruit  (berries  and  pineapples),  vegetables  and  oil  producing
plants, or below-ground crops including potatoes and other tubers. The fields may be fal-
low at certain times during the year, or may be rotated with herbaceous graminoid crops
during different seasons.

3.7 Urban Vegetated Areas
All vegetated areas planted by man in an urban environment for urban or recreational use.
These areas may be dominated by trees, shrubs and trees, grass or wasteland.  Parks
and gardens, golf courses and sports fields are included in this class, as well as any veget-
ated area within the urban environment which may be cultivated or natural.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 35: 3.5 Wheat, Swartland (J Booysen DoA)

Illustration 40: 3.7 Golf Course (park), Cape Town, (P
Mangara)

Illustration 39: 3.6 Vegetables (cabbage), Midlands (W
Luck) 

Illustration 38: 3.6 Canola in Flower, Swartland (J
Booysen DoA)

Illustration 37: 3.5 Maize, Midlands (W Luck)

Illustration 36: 3.5 Sugar Cane, Midlands (W Luck)
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4. Cultivated Aquatic or Regularly Flooded Vegetated Areas
This class includes areas where an aquatic crop is purposely planted, cultivated and har-
vested and which is standing in water over extensive periods during its cultivation period
(e.g. paddy rice, tidal rice and deep water rice). In general, it is the emerging part of the
plant that is fully or partly harvested. Other plants (e.g. for purification of water) are free-
floating. They are not harvested but they are maintained. This class excludes irrigated cul-
tivated areas. In South Africa these would be waterblommetjie and madumbe cultivation.

5. Natural Terrestrial Non-Vegetated Bare Areas
This class describes areas that do not have an artificial cover as a result of human activit-
ies. These areas include areas with less than 4% vegetative cover. Included are bare rock
areas, sands and deserts.

5.1 Loose and Shifting Sands
These areas consist of inland dunes, coastal dunes and beaches.

5.2 Unconsolidated Bare Soil
Bare soil not in a solid state. These areas may be comprised of feed lots, fallow land for an
extended period of time, visible erosion, fine rock and soil fragments and areas with no vis-
ible erosion but bare soil due to unfavourable growth medium or low rainfall.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 41: 5.1 Beach, Blouberg Strand (P Mangara)

Illustration 45: 5.1 Sand Desert, Namib (NLC 2000)

Illustration 44: 5.1 Sand and Gravel desert, Namib (NLC
2000)

Illustration 43: 5.1 Inland Dunes, Kalahari (NLC 2000)

Illustration 42: 5.1 Coastal Dunes, Walvis Bay (W Luck)
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5.3 Consolidated Bare Rock and Coarse Fragments
Rocky outcrops or big boulders not covered by vegetation (< 4%).

5.4 Consolidated cuttings
Consolidated material on the face of landslides, steep riverbed embankments or cut into
the landscape to accommodate roads.

5.5 Consolidated Hardpans
Calcrete, ferric or salt pans never covered by water.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 46: 5.5 Salt Pan, Kalahari (NLC 2000)

Illustration 51: 5.2 Erosion gullys, Eastern Cape (NLC
2000)

Illustration 50: 5.3 Bare rocks and cliffs, Table Mountain
(H Remas)

Illustration 49: 5.3 Basalt Outcrop, Hazyview (W Luck)

Illustration 48: 5.4 Consolidated cuttings, Midlands (W
Luck)

Illustration 47: 5.5 Calcrete Hardpan, Kalahari (NLC
2000)
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6. Artificial Terrestrial Primarily Non-Vegetated Areas
This class describes areas that have an artificial cover as a result of human activities such
as construction (cities, towns, and transportation), extraction (open mines and quarries) or
waste disposal.

6.1 Built-up Linear Feature
Built-up linear feature with a length of over 500m consisting of runways, landing strips,
roads,  railways,  power lines and pipelines.   Roads may be paved (tarred) or unpaved
(gravel), constructed and maintained, or tracks and footpaths.

6.2 Built-up Industrial, Commercial and Non-Residential Areas
Built-up areas supporting any form of  industry and commerce including non-residential
areas.  This includes factories, warehouses, shopping centres, parking lots and central
business districts of city centres.  Hospitals, schools, airports, stations and other service
areas are included. 

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 52: 6.1 Waterkloof Airfield (H Remas)

Illustration 53: 6.1 N1, R21 Interchange, Pretoria (H
Remas)

Illustration 54: 6.1 Railway line, Stellenbosch (W Luck) Illustration 57: 6.2 CBD, Hazyview (W Luck)

Illustration 56: 6.2 Private School, Irene (H Remas)

Illustration 55: 6.2 Industrial area, Olifantsfontein (H
Remas)
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6.3 Built-up Urban / Residential Areas
Any  Built-up areas where people live on a permanent / semi-permanent basis. This in-
cludes rural dwellings of low settlement density.  High density residential areas can range
from single story to multi-story and high rise buildings.  

6.4 Built-up Object
Built-up objects covering an area larger than ¼ ha in non-residential built-up areas.  These
objects include the large buildings in the grounds of service institutions, military facilities,
transport  facilities,  water  related  infrastructure,  agricultural  infrastructure,  cultural  infra-
structure, primary industry, secondary industry and commercial infrastructure.  Each built-
up object will have attributes including height classes and area.

6.5 Non-Built-up Artificial Bare Area
Areas used to stockpile material or dispose of waste material or created during extraction
of sand or minerals during mining activities. Areas may also be construction sites where
built-up objects may occupy the space in future. 

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 58: 6.3 Rural Village, Hazyview (W Luck)

Illustration 63: 6.4 Timberyard, Stellenbosch (W Luck)

Illustration 62: 6.4 Large Building, mining infrastructure,
Vereniging (H Remas)

Illustration 61: 6.5 Open Cast Mine Dumps, Vereeniging
(H Remas)

Illustration 60: 6.3 Suburbs, Irene Village (H Remas)

Illustration 59: 6.3 RDP Housing, Hazyview (W Luck)
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7. Natural Non-Vegetated Aquatic or Regularly Flooded Water Bodies
This class refers to areas that are naturally covered by water, such as lakes, rivers, snow
or ice. In the case of rivers, the lack of vegetation cover is often due to high flow rates and/
or steep banks. In the case of lakes, their geological origin affects the living conditions for
aquatic vegetation. The following circumstances might cause water surfaces to be without
vegetation cover: depth, rocky basins, rocky and/or steep shorelines, infertile washed-in
material, hard and coarse substrates.

7.1 Non-Perennial Pans
Pans not carrying water for more than 9 months a year with less than 4% vegetation cover
and a low salinity.

7.2 Perennial Freshwater Lakes
Natural lakes carrying water throughout the year.

7.3 Ocean
Large water body carrying salt water forming part of the great oceans.

7.4 Natural Salt-Pans
Pans with salt deposits or very saline water.

7.5 Non-Perennial Rivers
Rivers and dry river beds carrying water for < 9 months in a year.

7.6 Perennial Rivers
Rivers, estuaries and lagoons which carry water for more than 9 months in a year.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 64: 7.4 Dry pan, Sosusvlei (W Luck)

Illustration 68: 7.6 Vaal River, Vereniging (H Remas)

Illustration 65: 7.5 Dry River Bed, Skukuza (W Luck)

Illustration 67: 7.3 Atlantic Ocean, Blou Berg Strand (W
Luck)

Illustration 66: 7.1 Etosha Pan (W Luck)
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8. Artificial Non-Vegetated Aquatic or Regularly Flooded Water Bodies 
This class applies to areas that are covered by water due to the construction of artefacts
such  as  reservoirs,  canals,  artificial  lakes,  etc.  Without  these,  the  area  would  not  be
covered by water, snow or ice.

8.1 Standing Artificial Water-Bodies
Artificial water-bodies with standing water for storage, processing or aquaculture.  Water
bodies may be non-perennial as with small farm dams, or perennial storage dams and wa-
ter basins.  

8.2 Canals
Flowing water in artificially constructed channels.

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION
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CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION

Illustration 74: 8.1 Slimes Dam, Vereniging (H Remas)Illustration 69: 8.1 Albert Falls Dam, Midlands (W Luck)

Illustration 71: 8.1 Northern Sewage Works, Diepsloot (H
Remas)

Illustration 73: 8.2 Orange River Irrigation Scheme (WRC
www.wrc.org.za/.../Articles/Archive/WW_04_jul-
oct_jacobsdal.pdf)

Illustration 72: 8.1 Trout Farm, Stellenbosch (W Luck)

Illustration 70: 8.1 Farm Dam, Stellenbosch (W Luck)
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CHAPTER 3: IMAGE PROCESSING

3.1 Ground receiving station image pre-processing

Ground receiving stations fulfil a variety of functions including the tracking telemetry and
command of launch vehicles and satellites, tasking of image acquisition and the downlink
of satellite imagery from the satellite. After the data downlink, the first pre-processing steps
are undertaken starting with the de-multiplexing of  imagery to translate imagery into a
format suitable for manipulation as raster data. 

 Schweiss, Daniel & Derrick n.d. give a good overview of the Landsat 7 Science Data Pro-
cessing System with  particular  reference to  its  architecture,  concept  of  operation,  and
management aspects. It consists of the Landsat ground station (LGS), Landsat Processing
System (LPS), Image Assessment System (IAS), the Level 1 Product Generation System
(LPGS), Level 1 Product Distribution System (LPDS) and the EROS Data Centre (EDC)
Distributive Active Archive Centre (DAAC), Earth Observing System (EOS) Data Informa-
tion System (EODIS) Core System (ECS). 

Various ground-receiving stations use different software systems from those mentioned
above  to  process  imagery  from the  same  satellite.  This  introduces  differences  in  the
products that may influence the quality of future data manipulations and makes standard-
isation necessary. For Landsat TM and ETM+ Strande (2003a) & Strande (2003b) respect-
ively define the Raw Computer Compatible (RCC) data format, which is the first product
generated by the Landsat Processing System (LPS). The RCC format is used as bench-
mark for the quality validation of different ground receiving stations. Such a quality valida-
tion plan and criteria are described by Strande (2003c & d) for a biannual validation of all
international ground stations. 

Three further levels  of  raw data products are defined for Landsat data.  These include
L0Rp, L1R and L1G.  L0Rp is raw imagery in generic binary with header files including all
the parameters for systematic radio- and geo-metric correction. Formatting standards for
L0Rp are provided by Pater (2002). 

In L1R, systematic radiometric corrections have been applied, converting the L0Rp 8-bit
DN, which represent relative voltage as detected by the CCD’s of the sensor to relative ra-
diance readings scaled to 8-bit. This is done with the aid of calibration parameter files,
which in turn are generated by the Image Assessment System (IAS) and describe the
sensitivity and behaviour of each CCD in the detector array to electromagnetic radiation
Christopherson & Johnson (2000). Correction parameters may have different origins and
therefore vary in accuracy. Before a sensor is deployed, extensive and accurate tests to
radiation sensitivity are undertaken in a laboratory, providing pre-flight calibration paramet-
ers. As the satellite is launched into orbit the sensor degrades or changes its properties
over time. Several  on-board instruments facilitate a continuous calibration providing in-
flight  calibration  parameters.  From time to  time radiation values from images covering
large and stable features, are compared with radiometer readings from the same features
measured during image acquisition on the ground. From these measurements post-launch
parameters can be calculated. Post-launch calibration parameters are the most suitable for
radiometric calibration especially for old sensors where pre-launch values have changed
considerably and on-board calibration instruments have themselves degraded. For Land-
sat 7 ETM+ all three sets of calibration parameters have been used to continuously update
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calibration models maintaining a deviation of no greater than 5%. For Landsat 5 TM only
pre-flight and in-flight calibration is used leading to radiation deviations of up to 21.35% as
measured for band 2 in January 2003 (USGS 2003b). This is of great concern and has led
to the inference of new calibration parameters for Landsat 5 TM by Chander & Markham
(2003) using similar procedures to the generation of Landsat 7 CPF’s, with similar ranges
of accuracies. 

The third level is L1G which includes both systematic radio- and geo-metric corrections.
The geometric corrections consists of a proper alignment of scan lines inherent to whisk-
broom scanning architecture, removal of the satellite axis rotation in terms of jaw pitch and
roll, earth curvature and earth rotation, and projected geographically. This data product is
widely supported by desktop remote sensing software and therefore commonly ordered.
Two important events influencing the L1G product generation have to be noted involving
the scan line correction and alignment characteristics of Landsat 5 and 7 imagery and are
attributed to the whisk-broom scanning architecture. In Landsat 5 the turn-around time
between scan lines increased to such an extent that scan line alignment could no longer
be achieved with the use of scan angle mode parameters. Bumper mode variables (scan
times) are now used instead to accommodate this problem (USGS 2002b & USGS 2002c).
On 31 May 2003 the scan line correction mirror compensating for the across path scan-
ning motion of the whisk-broom array with the along path vehicle speed, malfunctioned on
Landsat 7 ETM+. This results in wedge shaped gaps exaggerated along the edges of im-
ages (USGS 2003a, USGS, NASA & Landsat 7 Science Team 2003 and USGS 2003c).
The generation of temporal image composites from the scan-line correction off mode is the
only alternative to reconstruct useful images.

For a detailed discussion of pre-processing steps and formats, the reader is referred to Ir-
ish (2000a), Kitto (1999) and NASA (1996).  Storey & Strande (2004) document specifica-
tions of a selected standard Level 1 product to be used as common basis for comparison
and Level 1 processing system validation, while Johnson (2002) defines output files gener-
ated  by  the  Landsat  7  Processing  System  (LPS)  which  produces  L0Rp  as  the  final
product. 

For the generation of the last three product levels for Landsat, four different software sys-
tems are known. These include the NLAPS (National Landsat Archive and Processing
System), LPGS (Level 1 Product Generation System developed by NASA), LPGS-light
(developed by the University of Maryland in cooperation with NASA) and ACS (developed
by ACS in Italy and used by SAC). The USGS has been using both the LPGS and NLAPS
system for two different data catalogues. After the scan line correction failure of Landsat 7
ETM+ in May 2003, a dramatic reduction in the demand for Landsat 7 data occurred lead-
ing to the merger of the two catalogues. LPGS was subsequently no longer used at the
USGS.

The level 1 product generation systems may provide data in a range of formats to the
users such as HDF EOS (Hierarchical Data Format for Earth Observing Systems), FAST-
L7A, GeoTIFF and NDF described in detail by Labahn (2001). In addition, L1G products
may have been re sampled with cubic convolution, bilinear or nearest neighbour, be either
map (north up) or path (orbit) orientated and in various map projections. The new MTF re
sampling algorithm takes the modulated transfer function into account so that both the ra-
dio- and geo-metric characteristics of an image are preserved where either feature has to
be compromised using NN, BL or CC. Unfortunately MTF re sampling has not been imple-
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mented in most of the level 1 product generation systems, but is included in the LPGS al-
gorithm currently implemented at SAC for Level 1 production.

3.2 Geometric Correction 

Georeferencing is the process whereby image coordinates measured in lines and columns
of the image matrix, or mm when dealing with analogue photographs, are converted to real
world  coordinates.  As  the  relationship  of  distance,  area  and  direction  are  not  linear
between raw imagery and the features they represent on the ground, georeferencing often
entails a geometric correction of imagery, removing geographic distortion. This distortion
can be attributed to sensor specific factors introduced by the CCD alignment and optics,
also referred to as factors of interior orientation, or sensor and target relationships, such as
distance from target, sensor orientation around its three axis (jaw, pitch and roll) shape of
target and the resulting effect of parallax,  referred to as exterior orientation. For Landsat 7
at an altitude of 705km Irish (2000a) provides an accuracy of 375m monitored by on board
flight dynamic instruments. With a definitive ephemeris as generated later, a better accur-
acy can be achieved. Factors of exterior orientation relevant to satellite imagery include
earth curvature, earth rotation, surface elevation, the sensor acquisition angle and orbit po-
sition.

During georeferencing imagery representing a three dimensional object are transformed to
an object representation of two dimensions only. The geographic transformation of a three-
dimensional object such as the earth to a two-dimensional plane is called projection. Pro-
jection compromises the representation of distance, area or direction defined by different
models called projections. For instances where digital elevation models (DEM’s) are used
to model and remove the effects of parallax, georeferencing is referred to as orthorectifica-
tion.

Interior orientation is constant for a given sensor and described by a sensor model, the
same applies for the geometric properties of the earth described by ellipsoids approximat-
ing the shape of  the earth geoid  and DEM’s.  The geometric  relationship  between the
sensor and the earth may vary or is often unknown. This relationship can be accessed on
board the sensor with a GPS and inertial instruments, producing a GPS/INS report as
used in airborne sensors, or with a GPS and star finding instruments, as installed on satel-
lites and defined by the satellite ephemeris.

Accurate exterior orientation parameters can be calculated before geometric correction by
collecting ground control points (GCP’s) from reference data either in the form of already
geo-referenced  imagery,  vector  data,  digitisation  from analogue  maps  or  in-field  GPS
measurements. The collection of GCP’s is the most common and accurate form of defining
exterior orientation and undertaken where possible. Redefining exterior orientation para-
meters is often referred to as triangulation and where this occurs on several adjoining im-
ages simultaneously, by tying images together with tie points (TP’s), this process is called
bundle block adjustment. 

Nilsen (2004) discusses if GPS/INS reports can be used for external orientation of aerial
photographs during Orthorectification.  She criticises that  using GPS/INS reports alone
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does not provide the added benefit of self-calibration to correct for systematic deforma-
tions of the image coordinates.

PCI Geomatics 2004 suggest that one may triangulate with as little as 4 GCP’s per block
to the detriment of accuracy. 9 Tie Points per image are however necessary. It is recom-
mended to have a few images with 3 GCPs to provide correct levelling and scale where
traditional photogrammetry requires 3 GCP’s on every 4th or 5th photo.

Cramer & Stallmann 2001 give a lengthly discussion of GPS/Ins reports for exterior orient-
ation of aerial photographs. He emphasises the systematic errors inherent in  GPS/INS
readings that can be corrected with only one GCP.  He concludes GPS/inertial technology
will be used in all parts of the photogrammetric reconstruction process. GPS/inertial sys-
tems will become a standard tool for airborne image orientation. The acceptance of this
technology will be pushed by the growing use of new digital airborne sensors with their
need for a very flexible and fast data evaluation.

Lue Y (1997) presents a methodology to automate the internal orientation of aerial photo-
graphy. This mainly entails finding fiducial marks automatically. Fiducial marks are stand-
ard markings on analogue aerial photograph negatives and consist of white crosses on a
black background. Fiducial chips are extracted from a manually oriented image, these are
then decomposed into a pyramid to speed up the matching process. Moving windows to-
gether with a simple regression between chip and raw image leads to the localisation of a
fiducial mark. The discrimination between separate fiducial marks is a final step for which
the camera model is used in turn. 

Mostafa & Schwarz 2001 assessed that ground point positioning using exterior orientation
parameters solely from GPS/INS reports produce accuracies of 0.2m RMSE in easting and
northing, while 0.3m in height for 1:12 000 scale photography.

An additional and often neglected phenomenon attributing to exterior orientation of optical
imagery is refraction. Noerdlinger (1999) proposes a methodology to remove refraction ef-
fects of the atmosphere which are dependent on the incidence angle and atmospheric
density. The linear displacement varies from 0.55 m at an incidence angle of 10º to 5.46m
at 45º increasing exponentially.  Compensation of refraction thus only makes sense for
high-resolution imagery taken off nadir. 

3.2.1 GCP Collection

As mentioned above, GCP’s can be collected from reference data or ground measure-
ments and is very time consuming when performed manually. A lot of development effort
has gone into the automation of this process and has only become operational when using
already orthorectified imagery of similar resolution and spectral properties as reference
data. 

GCP’s should be evenly distributed over an image to best describe a model, they should
be as accurate as possible and thus taken from well defined objects close to the ground
surface so that parallax can be described by the DEM alone. For manual GCP collection,
man-made features such as road crossings and low buildings are ideal, while river bends,
forest border trees, mountain shadows and coastlines are less desirable GCP’s. 
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Automatic GCP collection algorithms are either based on complicated object recognition
algorithms following image segmentation approaches Dare and Dowman (2001) who have
achieved considerable success matching images of heterogeneous sources such as Spot
and SAR, or on simple cross correlation techniques between small subsets (chips) of a
slave (raw) and master (geometrically corrected or reference) image. The first approach is
still considered experimental while the second more simple approach has been operational
for many years and will be discussed here in greater detail.

Chips can be collected either from the reference or raw image but are generally collected
from the reference image as this is expected to have less artefacts. A simple approach is
to extract chips at equal intervals from the image of sizes between 7 x 7 to 21 x 21 pixels,
depending on the heterogeneity and texture of the image. Although this method leads to
evenly distributed GCP’s it does not ensure that prominent features leading to good correl-
ation results are present in a chip.  This method has been implemented in the AUTOGCP
procedure of PCI Geomatica pre version 10.0.2. 

Considerable research has been done on finding prominent features for chip selection.
Van den Dool 2005 used a 2-dimensional Haar Wavelet to detect salient points or discrete
features with excellent results, while a Modified Moravec Interest Operator (MMIO) was
used for the GeoCover 2000 project. As stated by the USGS 2006 “The Moravec Operator
is a corner detector as it identifies points with a large intensity variation in different direc-
tions. Directional variance is measured over small square windows. Sum of squares of dif-
ferences of pixels adjacent in each of the four directions (horizontal, vertical and the two
diagonals) over each window are calculated, and the window’s interest measure is the
minimum of these four sums. Features are chosen where the interest measure has local
maxima. The feature is conceptionally the point at the centre of the window with the locally
maximal value.” All evidence points towards this method being implemented as the AUTO-
GCP procedure in the PCI Geomatica 10.0.3 software. The Discrete Fourier Transform is
also worth mentioning for the identification of useful chips and a Fast Fourier Transforma-
tion for effective cross correlation (Mather 2004).  Brink and Pendock (1996) propose a
method of minimum cross-entropy selection to segment images which can be used to pro-
duce sets of normalised images used in a regression analysis to select reference points
and find input GCP’s.

From all the salient point extraction methods explained above, clouds, cloud shadows, to-
pography induced shadows and water bodies will be identified as good candidates when
they are in fact not useful. Cloud and water masking becomes an important pre-processing
step to be applied  before salient points are identified to avoid poor chip selection. 

Most automatic GCP collection methods based on simple image matching, run a normal
regression analysis between extracted chips and a raw image subset, in a moving window
big 

 

CHAPTER 3: IMAGE PROCESSING



CD:NGI Land Cover Field Guide 43

enough to account for a possible discrepancy between the external orientation defined by
the ephemeris or GPS/INS measurement and the true position of the image. The resulting
regression layer describes the position of highest probability where the area under the chip
matches the exact area of the raw image.  Illustration 75 describes the concept of a mov-
ing window over a raw image in the left part of the diagram and the resulting regression
layer to the right of the diagram. Equation 1 below formulates the regression between all
the pixels in a chip (xi) and all the pixels under the chip of the raw image (yi).

r xy=
N∑ xi yi�∑ xi∑ yi 

N∑ xi
2�∑ xi 

2N∑ yi
2�∑ yi 

2
0.5          (1)

As mentioned before the exterior orientation of several adjoining images can be refined
with TP’s in connection with a bundle block adjustment, with the additional advantage of
generating a seamless mosaic at a later stage. TP’s can be found automatically using the
same chip based cross correlation method between two images. Krupnik & Schenk (1997)
have demonstrated that chip sizes can be increased for better matching if both master and
slave image subsets are projected to object space before matching.

Automatic reference point collection has one additional application worth mentioning. This
is  the generation  of  DEM’s  from stereo imagery  produced  during simultaneous (along
track) acquisition by sensors such as ASTER, Spot 5, Cartosat and ALOS. Not only are
image matching techniques used for the alignment of the epipolar image pairs, but are
also used to measure the parallax from which a DEM can be interpolated. Hirano, Welch &
Lang (2003) reported that a 30m DEM with a RMSE in elevation between +/- 7m and +/-
15m could be extracted using standard soft  copy photogrammetry suites.  This corres-
ponds well with DEM’s generated by the USGS from this data with a RMSE +/- 8.6m. The
ASTER DEM performs well at lower elevation and smoother terrain but deviations increase
substantially in steep terrain at high elevations. 
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Illustration 75: Illustrating cross correlation of master image chips against a slave image subset in a moving
window on the right with regression results displaying the highest correlation match to the right. (Taken from
Mather 2004 ) 
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Masek Shock & Goward (2001) propose to use chips in their automated REALM system
but expect a poor accuracy of 30m using an image-to-image matching wavelet technique.
The use of FFT for cross correlation has been mentioned before.

3.2.2 Geometric Correction Models

The final georeferencing step is formulating a distortion model from GCP residuals. De-
pending on the model chosen, this includes a refinement of GCP’s and removal of poor
matches. The function GCPREFN implemented in PCI Geomatica 10 serves this purpose.
Both physical and empirical models exist for geometric correction. A physical model re-
quires all sensor and target parameters, this includes a sensor model, accurate external
orientation parameters, and an earth model together with a DEM. Since most parametric
models have the advantage of a high modeling accuracy (sub-pixel), it is the recommen-
ded method for achieving the best results. Cheng, Toutin & Tom 2000

Toutin (2003) has developed a physical 3D analytical geometric model for multi sensor im-
ages implemented in PCI software. It claims to achieve accuracies of 1/3 the image resolu-
tion for optical images. Toutin motivates the integration of the geometric model because it
takes  into  account  the  different  distortions  relative  to  the  global  geometry  of  viewing.
These distortions are listed as follows:

(i)distortions relative to the platform (position, velocity and orientation)

(ii)distortions relative to sensor (orientation angles, instantaneous field of view, detection
signal integration time)

(iii)distortions relative to the Earth (geoid-ellipsoid including elevation)

(iv)deformations relative to the cartographic projection (ellipsoid-cartographic plane)

The collinearity equations for a GCP are first written to the instrument reference system
and then converted into the cartographic projection system using elementary transforma-
tions. The selection of conversion parameters is dependent on the processing level of the
imagery.

Toutin tested the model's performance for a block bundle adjustment over mountainous
terrain along the Canadian Rocky Mountains using Landsat 7 imagery and came to the fol-
lowing conclusions:

1.Path orientated, along track adjoining images from the same date should be preferred as
they can be stitched together before orthorectification and treated as a single image.

2.10 – 20 Elevation Tie Points (ETP’s) where required between each image overlap. 

3.25 – 30 GCP’s where required per strip considering a GCP accuracy of 30m to achieve
RMS errors below 25m.

4.For the high latitude images with a considerable cross track overlap it was sufficient to
collect GCP’s for every 4th track. For a South African scenario this would equate to every
3rd track. 

Empirical Correction models include polynomial functions, rubber sheeting, spline with ten-
sion and Rational Functions Math Model. With the polynomial functions model, polynomia-
coefficients are fitted to GCP residuals.  The higher the polynomial coefficients, the better
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the fit but the greater the uncertainty on their accuracy. As distortion introduced by topo-
graphy can not be modelled accurately by polynomials, this method remains useful in flat
terrain only. 

Rubber sheeting may use independent first and second (spline with tension) order polyno-
mial coefficients between single 2 dimensional or 3 dimensional GCP’s and thus make an
evaluation on the performance of single GCP’s to a model impossible. Rubber sheeting
should be used only as a last resort. 

The Rational Functions Math Model combines empirical and physical modelling. Polynomi-
al coefficients are used to describe the sensor geometry while a DEM and earth model de-
scribe distortions introduced by the target. This model is very flexible and relatively accur-
ate, supporting almost any sensor with a slightly poorer accuracy and a requirement for
more GCP’s than are necessary for the physical models. Several satellite data providers
such as Digital Globe and GeoEye provide Rational Polynomial Coefficient (RPC) files with
their high resolution satellite imagery such as QuickBird, WorldView and GeoEye 1  to al-
low geometric corrections, as sensor models are not released.

3.3 Radiometric calibration

Radiometric calibration is the process whereby image intensity values are converted to rel-
ative or absolute radiation intensities in terms of radiance measured in W / (m2 * ster * µm)
by the sensor. A form of relative radiometric calibration has been discussed in the previous
section where relative voltage readings are converted to relative radiance readings scaled
to 8-bit during level 1 generation. This is a first order calibration and is sufficient for im-
agery from old sensors when only a qualitative image analysis or manual image interpreta-
tion is intended (Hoffbeck & Landgrebe 1994). 

For automated classification approaches a quantitative analysis is necessary which implies
that digital numbers (DN) of images have to be converted to physical units that describe
spectral radiation and reflectance of characteristic land surfaces. Thome (2001) undertook
an absolute radiometric calibration of Landsat 7 ETM+ using the reflectance base method
shortly after launch to access the fidelity of the sensor. He states that images can be calib-
rated within 5% of each other and to better than 7% with the pre-launch reflectance based
method. This has been improved to 5% absolute accuracy using the CPF. Radiometric cal-
ibration  also  allows  the  quantitative  analysis  between  imagery  from  different  sensors
provided that they cover the same spectral ranges. Teillet et al. (2001) undertook a cross
calibration between Landsat 5 TM and Landsat 7 ETM+ where images were acquired in
tandem and could give recommendations on improving calibration parameters of Landsat
5 TM noting that bands 4, 5 and 7 of the TM correlate poorly to those of the ETM+. It is fur-
ther noted that clear water and dark dense vegetation show different reflectance’s in both
sensors and that these surfaces should not be used for cross-calibration. Surface types
such as rangeland, grassland, sand, playa (dry lake) and snow should rather be used. The
poor spectral calibration using pre-flight parameters for Landsat 5 TM have been men-
tioned earlier on.
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3.3.1 Digital Number to Radiance Conversion

The conversion from absolute radiance, calculated as an intermediate step, to relative ra-
diance during L1R generation, is called 8-bit quantitization. During quantitization all  the
parameters necessary for a conversion back to absolute radiance values are defined. A
conversion to absolute radiance becomes particularly necessary when sensors support dy-
namic ranges. This means that the sensor changes its sensitivity to electromagnetic radi-
ation depending on an expected theoretical radiation amount the sensor will be exposed to
at a given time. As this process is band independent even the simplest quantitative analys-
is techniques such as band ratios or the calculation of indices cannot be performed using
the 8-bit quantized satellite imagery. Examples of sensors supporting dynamic ranges are
ETM+, HRV (Spot 2), HRV-IR (Spot 4), HRG (Spot 5), ASTER and ALI. Dynamic ranges
may be predefined gain states such as in ETM+ (Low and High Gain) and ASTER (High
Gain, Normal Gain, Low Gain 1, Low Gain 2) are completely scene dependent such as in
the Spot sensors. The differences for these gain states are considerable. ETM+ dynamic
range for Low Gain is 1.5 that of High Gain (Irish 2000a).  Illustration 76 below illustrates
the relationship between absolute radiance and quantized digital numbers for the two gain
states for ETM+. 

Illustration 76: ETM+ Quantization for High and Low Gain dynamic ranges (modified from Irish 2000a)

Quantized 8-bit radiance is represented by the Y-axis of the diagram, with Qcalmin being
the lowest DN value representing radiation, while Qcalmax is the highest DN value repres-
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enting radiation. For an LPGS product these values will be 1 and 255 with 0 representing
no-data values. Absolute spectral radiance represented on the X-axis range between Lmin

and Lmax where Lmax is different for the two gain states. The inverse of the slope is referred
to as the gain value and the X intercept is the bias. These values can be found in the
header files of the satellite imagery and can be used to recalculate absolute radiance. In
the case of Landsat 7 ETM+ either of the following two formulas can be used to calculate
radiance per band.

λλλλ biasQcalgainL +×=          (2)

( ) minmin
minmax

minmax
λλλ

λλ

λλ
λ LQcalQcal

QcalQcal

LL
L +−×

−
−

=          (3)

For ASTER Thome, Biggar and Takashima (1999) introduce another formula for the con-
version as illustrated below.

)1( −×= λλλ QcalgainL          (4)

Problems associated with the calibration of Landsat 5 TM imagery have been mentioned
before. Teillet et al. (2004) and Liang (2004) use a different formulae for the calculation of
radiance for Landsat 5, where Qcal0 is the intercept value for Qcal and G is the inverse of
gain. It is given as follows:

( )0

1
λλ

λ
λ QcalQcal

G
L −×=                      (5)

Taking formula 5 into account Teillet et al. (2004) introduce a range of methods to derive
improved calibration parameters for raw and first order radio-metrically calibrated imagery
as produced by Level 1 product generation systems. As raw imagery was not available
only methods for L1G imagery may be considered and as the variables α which represents
the average gain and β the bias (slope and y intercept of graph in Figure 2.2 respectively)
of all detectors per band used during quantization where not available from the header
files of the imagery, only one method may be used as represented by Equation 6 below.

new

old
oldnew G

G
LL

λ

λ
λλ ×=           (6)

Liang (2004) introduces the calculation of time dependent gain coefficients derived by the
Canadian Centre of Remote Sensing. Gold is the inverse of the gain value from the header
file and Gnew a time dependent new inverse gain value. Values for Gnew can be derived us-
ing the band dependent formulas listed in Table 2  .  
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Table 2:  Calibration Gain Coefficients (Gλnew) in Eq. (6) for Landsat 5 TM (from Liang 2004)

 TM 

Spectral Band

Calibration Gain Coefficients

(counts W m-2 sr-1 µm-1)

Characteristic
Wavelength

(µm)

1 ( ) 376.11058.3 5 +××−= − dG 0.4863

2 ( ) 737.01010.2 5 +××−= − dG 0.5706

3 ( ) 932.01004.1 5 +××−= − dG 0.6607

4 ( ) 075.11020.3 6 +××−= − dG 0.8382

5 ( ) 329.71064.2 5 +××−= − dG 1.677

7 ( ) 02.161081.3 4 +××−= − dG 2.223

d = days since launch (March 1, 1984)

For the thermal bands of TM5 a post quantization calibration refinement can’t be under-
taken with the methods mentioned above and the default values in the image header files
need to be used when converting back to radiance. 

3.3.2 Radiance to Reflectance Conversion

In terms of electro-magnetic radiation, different land surfaces are described by the relation-
ship between radiation exposed to (solar irradiance) and reflected back (measured radi-
ance) per wavelength range. This relationship property is called reflectance with unit-less
theoretical values between 0 and 1. Reflectance is the variable used in spectral libraries
and time and sensor independent quantitative image analysis. Emitted radiation can be
derived directly from the satellite imagery as described in the previous section. Incoming
radiation intensity from the sun depends on a given wavelength interval (ESUNλ,) the dis-
tance between the earth and the sun (d) and the solar zenith angle (θs), and shape of the
object (sphere) it strikes which is described by π for a round object. Reflectance can there-
fore be expressed by equation (7) (Irish 2000a).

sESUN

dL

θ
πρ

λ

λ
λ cos

2

×
××

=           (7)

ESUN values for Landsat 4 and 5 are given by Chander & Markham (2003)  ,    for Landsat 7
by Irish (2000a) and for ASTER by Mather (2004). The distance between the sun and the
Earth can be derived from Equation (8) as presented by Mather (2004) where JD is the Ju-
lian Date i.e number of days counted from the 1 January each Year. 

( )( )49856.0cos016474.01 −−= JDd            (8)

The conversion of digital numbers to reflectance is stressed by  Huang et al.(2001) who
claims that this process reduces noise and makes the quantitative inference of land fea-
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tures possible. He further claims that a reflectance normalisation makes the generation of
image mosaics suitable for quantitative image analysis possible. It is recommended that
the calculation of image ratios and indexes should all be based on at satellite reflectance
values. To avoid working with large datasets a standard method of rescaling can be used
converting 32-bit floating point datasets back to 8-bit. This is illustrated by the following
pseudo-code, where FP represents the floating point dataset and DN the 8 bit rescaled
dataset.

IF (FP < 0) Then 

DN = 1

ELSEIF (FP > 0.630) Then

DN = 255

ELSE 

DN = (FP x 400) + 1

ENDIF

The effect of radiometric calibration i.e. DN to radiance conversion, and the radiance to re-
flectance conversion is demonstrated on an orthorectified dataset for all core scene im-
ages covering the core area. This is done once again by segmenting images and then se-
lecting samples from pseudo-invariant features, ie features shown the least level of sea-
sonal dependent reflectance variation. Hildebrand 1996 recommends the use of large wa-
ter-bodies, asphalt and conifer forests. A comparative statistical characterisation evaluates
the above-mentioned procedures.

3.3.3 Radiance to Temperature Conversion

Any body with a temperature above absolute zero (0 degrees Kelvin or –273.15 ºC with
∆1K = ∆1 ºC) looses energy via electromagnetic radiation. This relationship between total
emitted radiation and temperature can be expressed by the Stefan-Boltzmann (Equation
9), where total emitted radiation is expressed in watts (W), σ is the Stefan-Bolzmann con-
stant of ( 5.6697 x 10-8) in (watts m-2 K-4) and T is temperature in Kelvin.

4TW σ=                   

Wien found that as temperature increased the radiation peak increased exponentially and
moved towards  the shorter  wavelength  forming a  skewed  distribution  on a  radiation  /
wavelength plot. Black objects will emit radiation in a smooth distribution curve loosing all
its energy through radiation while most surfaces will radiate less than expected and will
have irregularities in the skewed shape of the radiation wavelength plot. A ratio between
the  measured  radiation  and  the  expected  radiation  at  a  given  temperature  is  called
emissivity and is denoted by ε.  ASTER has five bands in the thermal wavelengths which
allows the detection of a radiation peak and therefore temperature as well as the emissivity
of the land surface at different wavelength. This information has been used successfully
for the detection of mineral deposits.
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Given a conversion from DN to radiance for band 6 in Landsat,  radiation in turn can be
converted to temperature by Equation (10).
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K1 and K2 are constants with values of 666.09 W m-2 sr-1 µm-1 and 1282.71 K for ETM+
and 607.76 W m-2 sr-1 µm-1 and 1260.56 K for TM5 respectively (Chander & Markham
2003).

Masek et al. (2001) claims that an equivalent temperature precision of ±0.2°C for ETM+
and Chander & Markham (2003) a relative accuracy of ±1°C be achieved for TM5. 

In the evaluation of methods mentioned, images for the core area are converted to temper-
ature and values compared with weather station records for local towns taken during the
same time.

3.4 Atmospheric Corrections

Light passing through the atmosphere, especially the shorter wavelengths, is affected by
different  gas  concentrations and small-suspended particles where it  can be absorbed,
scattered or reflected, resulting in non-surface dependent radiation variations. If a quantit-
ative analysis of multi-temporal imagery or areas within an image covered by different gas
concentrations (as is the case between coastal zones and a higher lying inland plateau of
Southern Natal) is to be undertaken, reflectance values have to be adjusted to take the
variable atmospheric effect into account. 

There are a variety of atmospheric correction models available, which can be classified as
either empirical or physical (Moran et al. 2001 & Song et al. 2001). Physical models re-
quire a wide variety of known variables such as different gas concentrations, air pressure,
visibility and ground temperature, which are not always readily obtainable. They generally
produce better results as they are based on hard physics. The CGA has implemented the
6S model (Vermote et. al. 1997) into the Geographic Resource Analysis Support System
5.0 (GRASS), an Open Source free GIS RS package. 6S is extremely flexible at accom-
modating a wide range of sensors providing a choice of general atmospheric models. A
DEM and a visibility layer are required as input. 

Illustration 79 displays an image in true colour (top) where the atmospheric distortions are
most pronounced, and in the commonly used 4-5-3 band composite (bottom), which tricks
the user into disregarding the atmospheric effects. Illustration 80 demonstrates the correc-
tion and visual improvement obtained after a 6S correction was applied showing the cor-
rected image to the left and the uncorrected image to the right of the Durban industrial
area. 

Visibility layers were generated by interpolating between weather station visibility readings,
supplied by the South African Weather Bureau. A spline interpolation method was used to
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model a realistic distribution. Ideally a relative visibility layer should be generated directly
from the image and then calibrated with weather station readings to take strong local visib-
ility variations into account. This was not done as the necessary variables to do a Tas-
selled Cap 4th component haze transformation (Lavreau, 1991) have not yet been calcu-
lated for ETM+, and a Haze Optimised Transformation (HOT) (Zhang, Guindon, Cihlar
2002), was too time consuming. The latter is based on the principle that reflectance values
from different land cover classes in the blue and red band are highly correlated. A devi-
ation from the regression slope of a clear sky vector can thus be contributed to haze, as
blue light is more susceptible to scattering than red light. This accounts mainly for Rayleigh
scattering. Similar relationships can be found between bands of longer wavelengths to es-
timate Mie and non-selective scattering.
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Illustration 77: RGB 4-5-3 multi spectral (30m) Illustration 78: PCA image fused RGB 4-5-3 (15m)

Illustration 79: RGB 3-2-1 true colour (top). false
colour, RGB 4-5-3 ETM+ (bottom), illustrating
atmospheric distortion in visual bands. 

Illustration 80: RGB 3-2-1 true colour, 6S corrected
(left) and uncorrected (right), illustrating a vast
improvement over the Durban Industrial Area 
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In the rare case where no visibility readings are available within the proximity of an image,
empirical models have to be applied. Empirical models are generally based on a grave ab-
straction and simplification of physical phenomena. An example of this is a popular method
called Black Object Subtraction where it is assumed that black objects i.e. objects absorb-
ing all radiation, exist within an image and are represented by the lowest values within
each band. The difference between this lowest value and 0 is then said to be caused by
atmospheric effects, which are assumed to be equal over the whole image. By subtracting
these minimum values from all readings, per band, most of the atmospheric effect is as-
sumed to be removed. Advanced but related methods are the Empirical Line Method and
the COST model from Chavez (1996). 

The COST model makes the assumption that black objects have a reflectance of 1%. Min-
imum DN values per band within an image are assumed to be such black objects and are
substituted into either equation 1 or 2 to calculate the atmospherically distorted black ob-
ject radiance values (Lλ,min). A theoretical black object radiance of 1% (Lλ,1%) is then calcu-
lated for the given solar elevation angle and earth sun distance with the given mean solar
exoatmospheric spectral irradiance for the given band with equation (10) below. The differ-
ence between Lλ,min  and Lλ,1% is then attributed to haze expressed as (Lλ,haze). Finally this
haze correction factor is subtracted from the radiance of each pixel per band before a gen-
eral conversion to reflectance is undertaken (equation 7). 
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In the case where radiometric calibration parameters for imagery in DN values are not
known, a quick atmospheric correction called QUACK as implemented in the ENVI soft-
ware can be automated and run. “The approach is based on the empirical finding that the
spectral standard deviation of a collection of diverse material spectra, such as the end
member spectra in a scene, is essentially spectrally flat. It allows the retrieval of reason-
ably accurate reflectance spectra even when the sensor does not have a proper radiomet-
ric or wavelength calibration, or when the solar illumination intensity is unknown. The com-
putational speed of the atmospheric correction method is significantly faster than for the
first-principles methods, making it potentially suitable for real-time applications. The aero-
sol optical depth retrieval method, unlike most prior methods, does not require the pres-
ence of dark pixels.” (Lawrence et. al. 2005)  The following experiment demonstrates the
effect of the atmospheric correction. For this a set of SPOT 2 and Spot 4 images where
acquired 2 days apart (on 7 and 9 March 2001 respectively), while a second set of SPOT 2
and SPOT 4 images were captured on the same day (12 March 2004).

A selection of 37 target sites (polygons) were made to represent a variety of on-ground
features. The original (DN values) and calibrated (% reflectance) values were plotted for
the first 3 spectral bands to measure change before and after calibration, and to identify
potential “stable targets” on the imagery.
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Illustration 81: Spot4 NIR,R,BG composite with areas
indicated used for image inter-comparison

Illustration 82: Subtraction of Digital Numbers (DN) from
Spot 2 and Spot 4 images acquired at the same day. Legend
below indicates % difference between two datasets 

Illustration 83: Subtraction of QUACK'd reflectance values
from Spot2 and Spot 4 images acquired at the same day.
Legend below indicates % difference between two datasets

Illustration 84: Graph comparing Digital Numbers (DN)
extracted from Spot 2 and Spot 4 from imagery acquired on
the same day

Illustration 85: Graph comparing QUACK'd reflectance
values extracted from Spot 2 and Spot 4 imagery acquired
on the same day  

Illustration 86: Legend
colour coding percentage
change between two images

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION



CD:NGI Land Cover Field Guide 55

3.5 Topographic normalisation

Images taken over rugged terrain with strong topographic relief, during low solar elevation are often
radiometrically severely distorted as surfaces on a steep northern slope reflect much more radiation
as the same surface on a steep south facing slope lying in half shadow. This is the reason why it is
often advisable to apply a topographic normalisation or a solar correction to the data. Due to the
affect of skylight (the fraction of scattered light to directly reflected light from sun to ground and
ground to sensor) which is wavelength dependent,  indices such as a NDVI over areas with strong
topography will be influenced, although less affected than the raw uncorrected data. Methods such
as the Cosine correction, also referred to as the Lambertian Reflectance Model, make use of a
digital elevation model to calculate the solar incidence angle. The incidence angle is the angle at
which a sun ray strikes a surface which is dependent on the solar elevation, sun azimuth, terrain
aspect and slope. See equation 11 (Sandmeier 1997).

As illustrated in Illustration 87 and the formula below, observed reflectance values have to be
divided by the cosine of the solar incidence values to calculate normalised brightness values
(BVnormal). 

Illustration 87: Diagrammatic illustration of variables
affecting the incidence angle of solar irradiation

As can be seen from Illustration 88 and Illustration 89 below to which this model has been applied,
results are not always completely satisfactory, for several reasons: 

1.DEM’s contain errors from which incorrect incidence angles are calculated, producing wrong
results.
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sz = solar zenith angle
sa = solar azimuth angle
i = incidence angle
a = aspect of terrain
s = slope of terrain
n = nadir
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2.The model presumes that a good atmospheric correction was applied to the data.

3.Images and DEM’s have to be georeferenced very accurately to match one another.

4.The model does not compensate for light reflection and scattering from adjoining surfaces of
different topographic properties, i.e. a north facing slope might still be exposed to shadow from a
mountain to the north of it and the exposure to solar irradiance and thus not correlated to the
incidence angle at that point.

5.Very few land cover types have Lambertian reflective properties meaning that they reflect
diffusely equally into all directions. 

Artefacts consisting of either black holes with white edges or over or underexposed slopes can be
contributed to the factors mentioned above. The DEM accuracy plays a very influential role here, so
that errors would still occur even when applying a more advanced method with an inferior DEM.

 

The cosine correction assumes that reflection of radiation is equal in all directions, which is not the
case, and varies between land cover types and wavelengths. This is referred to as bi-directional
reflectance property.  Illustration 88 and Illustration 89 below illustrate such reflectance properties
for woody broadleaved vegetation and tall grass respectively, at a constant solar elevation angle and
a wavelength of  0.826µm.

Illustration 88: Bi-directional reflectance properties for
woody, broadleaved vegetation at 0.826µm

Illustration 89: Bi-directional reflectance properties
for tall grass at 0.826µm. Figures taken from Asrar
(1989)

The bi-directional reflectance behaviour of a surface-type can be approximated by calcu-
lating a Minnaert constant k, per surface-type (a preclassification of surface types is thus
necessary), and spectral band, as illustrated in Equation 12 via regression analysis. This k
value can then be substituted into a Minnaert correction illustrated by Equation 13 (Banko
1997), a variation of the Lambertian correction formula:
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    logBVobservedλ cose=log BVnormal λk logcosi ×cose  (12)
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As the calculation of these Minnaert constants takes considerable time, due to the fact that
no bi-directional reflectance libraries are available, and only poor DEM’s were at hand, im-
ages  were  not  subjected  to  topographic  normalisation.  This  deficiency  could  be  com-
pensated for by using mainly the summer images for classification in steep terrain, where
the distortion was only minimal. Furthermore the topographic effect can be slightly com-
pensated in an Object Oriented Image Analysis (OOIA) approach such as implemented in
eCognition Software, during classification.

3.6 Information enhancement techniques

Spectral information recorded in a multitude of spectral bands describes a wide variety of
phenomena that are not always the object of inquiry. Furthermore, bands are often correl-
ated with one another, which makes information extraction and classification difficult. To
alleviate this, methods have been developed to emphasize features of interest to a specific
field of enquiry. The calculation of indices are a common means of doing this. Indices can
be used for quantitative image analysis if calculated using imagery that is radio-metrically
normalised to at-satellite or at-ground reflectance. In the following section several indices
will be presented:

3.6.1 Vegetation Indices
Vegetation indices are the most widely used remote sensing indices and indicate the level
of photosynthetic activity of underlying vegetation. These indices are affected by aerosols,
soil colour and moisture as well as different levels of band saturation. The ratio of chloro-
phyll a and chlorophyll b in a plant further affects the vegetation indices. A range of indices
have thus been developed  and are discussed below to compensate for any of these af-
fects. 

3.6.1.1 NDVI
A basic and widely used index is the Normalised Difference Vegetation Index which em-
phasises  areas  with  actively  growing  vegetation  by  using the  absorptive  properties  of
chlorophyll in the red spectrum and the high reflective properties of water filled palisade
tissue in the near-infrared range of the electromagnetic spectrum. The following formula
represents the NDVI  (Rouse & Haas, 1973) where ρ NIR covers the reflectance value in
the near-infra-red part of the electromagnetic spectrum, and ρ R that of the red:
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    NDVI=
ρNIR�ρR

ρNIRρR
(14)

The NDVI is used in this mapping exercise to separate forests, plantations, permanent and
irrigated crops from dormant vegetation or bare surfaces. 

3.6.1.2 EVI
The Enhanced Vegetation Index (EVI) has been optimised to enhance the vegetation sig-
nal to discriminate between slight vegetation response signals in areas with high biomass.
The canopy background signal and atmospheric influences are decoupled. This index is
mainly calculated from atmospherically corrected or partly atmospherically corrected sur-
face reflectance with the following formula:

    EVI=G
 ρNIR�ρR 

 ρNIRC1 ρR�C2 ρBL 
1L   (Huete et al., 1994)     (15)

Where  ρ B,  ρ R and ρ NIR are atmospherically corrected surface reflectance's, L is the canopy
background adjustment that addresses non-linear, differential NIR and red radiant transfer through
a canopy, and C1, C2 are the coefficients of the aerosol resistance term, which uses the blue band
to correct for aerosol influences in the red band. The coefficients adopted in the MODIS-EVI al-
gorithm are; L=1, C1 = 6, C2 = 7.5, and G (gain factor) = 2.5.

Whereas the NDVI is chlorophyll sensitive, the EVI is more responsive to canopy structural vari-
ations, including leaf area index (LAI), canopy type, plant physiognomy, and canopy architecture.
The two VIs complement each other in global vegetation studies and improve upon the detection of
vegetation changes and extraction of canopy biophysical parameters.

http://en.wikipedia.org/wiki/EVI

3.6.1.3 Two-Band EVI
Due to the fact that many sensors lack the blue band, have a blue band with a high signal
to noise ratio or the blue band is heavily affected by atmospheric distortions, a 2-band EVI
was developed represented by the following formula.  

EVI 2=G
ρNIR� ρR

ρNIRC ρRL
    (16)

Where ρ R and ρ NIR are atmospherically corrected surface reflectance's, L is the canopy back-
ground adjustment that addresses non-linear, differential NIR and red radiant transfer through a
canopy, and C is the coefficient of the aerosol resistance term.  The coefficients adopted  are; L=1,
C = 2.4, and G (gain factor) = 2.5. (Jiang et al., 2008).

3.6.1.4 SAVI
The Soil-Adjusted Vegetation Index (SAVI) or also referred to as the Modified Soil Adjus-
ted Vegetation Index 1 (MSAVI1) is a vegetation index that tries to correct for the signal
component reflected by soils. Especially vegetation growing on red soils record a lower ve-
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getation signal in the NDVI as the same vegetation growing on dark soils. SAVI is thus a
derivative of the NDVI with a soil correction factor L and is expressed as follows:

L
LSAVI

RNIR

RNIR

++
−

+=
ρρ

ρρ
)1( (Huete, 1998) (17)

Where ρ R and ρ NIR are atmospherically corrected surface reflectance's, L is the soil correction
factor which varies between 0 and 1, increasing with vegetation density. A general value of 0.5 is
often used for L. 

3.6.1.4 MSAVI2
As MSAVI 1 / SAVI is dependent on the correction factor L which varies depending on soil
and vegetation cover properties, a self adjusting index called the Modified Soil Adjusted
Vegetation Index 2 (MSAVI2) was developed. It increases the dynamic range of the veget-
ation sensitivity in addition. The following formula expresses this index:

2

)()12(12 2
RBNIRNIRNIRMSARVI

ρργρρ −−+−+
= (18)

3.6.1.5 ARVI
With the effect of aerosols being wavelength dependent and an exponentially stronger ef-
fect on the shorter wavelength, especially in the visible part of the electromagnetic spec-
trum, indices such as the NDVI are bound to be affected and of little quantitative use over
aerosol loaded areas. This wavelength dependent distortion can however be used on the
other hand to correct for aerosols by using highly correlated bands such as the blue and
red band to remove the aerosol component from the red band in the NDVI. Such an index
is the Aerosol Resistant Vegetation Index (ARVI) provided by the formula below.

ARVI= ρNIR�ρRB

ρNIRρRB
      (19)

Where formula ρRB  is the aerosol corrected Red band as described by the following for-
mula:

ρRB=ρRED�γ  ρBLUE� ρRED      (20)

With γ having a recommended value of 1.

3.6.1.6 SARVI
To account for both soil and aerosol effects, the Soil and Aerosol adjusted Vegetation In-
dex (SARVI) can be used and is expressed as:

SARVI=1L 
ρNIR�ρRB 

 ρNIRρRBL 
      (21) 

3.6.1.7 AFRI
To avoid the use of the visual bands all together in areas effected heavily by aerosols and
smoke, Karneli et al (2001) have used the correlation between the red band and the short
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wave infra-red bands (SWIR) at either 1.6 µm which is equivalent to band 5 of Landsat TM
/ ETM+, or of the SWIR bands of Spot 5 HRG and Resourcesat AWIFS and LISS III or
SWIR 2.1 µm which is equivalent to Landsat TM / ETM+ band 7. The two formulas below
present the two versions of the AFRI, where AFRI 2.1 generally has a better performance.

AFRI
2.1
=
ρNIR�0.5ρSWIR2.1

ρNIR0 .5ρSWIR
2.1

                (22)

AFRI
1.6
=
ρNIR�0.66ρSWIR1.6

ρNIR0.66ρSWIR
1.6

      (23)

3.6.1.8 NDSVI
The Normalised Difference Senescent Vegetation Index is used to quantify the amount of
dry or senescent vegetation but performs only marginally which is why imagery taken dur-
ing the vegetation period should be favoured together with above mentioned vegetation in-
dices over those taken during the dry season to access vegetation cover. The formula for
the NDSVI is given below as:

  
RSWIR

RSWIR
NDSVI

ρρ
ρρ

+
−

=
6.1

6.1

(Qi, 2002)       (24)

3.6.1.9 GEMI
GEMI has been designed to reduce soil and atmospheric effects, it has been derived using
the concept of the soil line, its application does not however require the gradient and inter-
cept of the soil line (McDonald et al., 1998)

GEMI=η .1�0 .25 .η � ρR�0 .125 

1� ρR    (Pinty and Verstraete, 1992)        (25)

where        η=
2.  ρNIR

2  ρR
2 1.5 . ρNIR0.5ρR

ρNIRρR0.5
       (26)

3.6.1.10 GRABS
Greenness Above Bare Soil- GRABS is similar to the Kauth-Thomas greenness vegetation
index (B).

 GRABS = G – 0.09178 B + 5.58959 (Hay et al.,  1979)        (27)

3.6.1.11 PVI
A effective way of excluding the spectral components of the soil from vegetation indices is
to regress red and NIR bands against each other for bare soil areas only. The regression
coefficients consisting of the regression slope (b) and the regression bias (a) can then be
used in a vegetation index to elliminate the effect of soil. One of these indexes is the Per-
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pendicular Vegetation Index (PVI) provided by the formula below  (Richardson and Wie-
gand, 1977).

        (28)

3.6.1.12 TSAVI
As with the PVI the Transformed Soil Adjusted Vegetation Index (TSAVI) requires the re-
gression coefficients between the red and NIR bands and is more compatible to the NDVI.

))1(08.0).((

).(
2aba

ba
aTSAVI

NIRR

RNIR

++−+
−−

=
ρρ

ρρ
       (29)

3.6.1.13 II
For wetland studies it is very useful to get some information of water stress of plants as
these discriminate  stressed (dry  land)  vegetation from unstressed (wetland)  vegetation
after the rainy season. The  Infrared index is suitable for this assessment as it is more
sensitive to changes in plant biomass and water stress than NDVI for wetlands studies. Its
formula is given below:

6.1

6.1

SWIRNIR

SWIRNIR
II

+
−

= (Hardisky et al. (1983).       (30)

3.6.1.14 LWCI
Similar to the Infrared Index, the  Leaf Water Content Index-LWCI is used to assess water
stress in leaves. 

ft

LWCI=
�log[1� ρNIR� ρSWIR1.6

 ]

�log[1� ρNIR ft
�ρSWIR

¿
]

¿

       (31)

Where ft represents reflectance in the specified bands when the leaves are at their maxim-
um relative water content (fully turgid).

3.6.1.15  MSI
The Moisture Stress Index (MSI) is the ratio between the SWIR and NIR bands and was
originally derived from Landsat TM to separate stressed areas from non-stressed areas.

 MSI=
ρSWIR

1.6

ρNIR
 ( Rock et al., 1986)                     (32)
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3.6.1.16 VARI 
In the case where only the visible bands are available in imagery (such as true colour digit-
al aerial photography), a Visible Atmospherically Resistant Index (VARI) can be calculated
to present the vegetation fraction with the following formula. ( Gitelson et al., 2002)

BRG

RG
GVARI

ρρρ
ρρ
−+

−
=         (33)

The index is minimally sensitive to atmospheric effects, allowing estimation of vegetation
fraction with an error of <10% in a wide range of atmospheric optical thickness (Jensen,
2005).

3.6.2 Cellulose and Lignin Absorption Indices
Cellulose and Lignin Absorption Indices are particularly useful for accessing crop residue
cover and plant biomass with the availability of hyper spectral data or imagery covering
very specific wavelength in narrow bands. 

3.6.2.1 CAI
The basic Cellulose Absorption Index (CAI) is given below

CAI=100[0.5 ρR0.20
ρR0.22

�ρR0.21
 (Daughtry, 2001)         (34)

Where formulaR0 . 20 , R0 .21 , R0 .22  are reflectance values in  10nm bands centred at 2031, 2010 and
2211nm, respectively (Daughtry, 2005).

3.6.2.2 LCA
Lignin Cellulose Absorption (LCA) index as defined as:

)]()[(100
295.2185.2145.2185.2 SWIRSWIRSWIRSWIRLCA ρρρρ −+−=        (35)

Where P SWIR 2.145, P SWIR 2.185, P SWIR 2.295 correspond to ASTER bands 5, 6 & 8
respectively.  (Abrams, 2000).

The LCA is the sum of the relative depths of the cellulose and lignin adsorption features
near 2100 and 2300nm. (Daughtry, 2005)

3.6.3 Water Indices
Useful for mapping water features

The Normalized Differential Water Index 

  NDWI=
ρG� ρNIR

ρG ρNIR
(McFeeters 1996)       (36)
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NDWI=
ρR� ρSWIR1.6

ρRρSWIR1.6

(CPM, 2003)          (37)

The modified NDWI (MNDWI) is superior to the NDWI in that it built-up areas, soil and ve-
getation.

MNDWI=
ρG� ρSWIR1.6

ρG ρSWIR1.6

         (38)

Where SWIR is a middle infrared band such as TM band 5.

Normalized Difference Moisture Index (NDMI) proposed by Wilson et al. (2002) is equival-
ent to index proposed by  Gao (1996) for detection of vegetation water liquid.

6.1

6.1

SWIRNIR

SWIRNIR
GAONDWINDMI

ρρ
ρρ

+
−

==          (39)

3.6.4 Built-Up Indices
Normalized Difference Built-up Index (NDBI) to automate the process of mapping built-up
areas. It takes advantage of the unique spectral response of built-up areas and other land
covers. Built-up areas are effectively mapped through arithmetic manipulation of re-coded
Normalized Difference Vegetation Index (NDVI) and NDBI images derived from TM im-
agery.

NIRSWIR

NIRSWIR
NDBI

ρρ
ρρ

+
−

=
6.1

6.1

 Zha et al., 2003         (40)

formulaBuilt�up
area

=NDBI�NDVI         (41)

Use of the NDBI in conjunction with NDVI, results in an output image that contains built up
and barren pixels having positive values while other covers have a value of 0 or -254.

3.6.5 Bare Soil Index
3.6.5.1 BSI1
In areas with great geological variation and little vegetation cover as is the case over large
areas covered by the Eastern Transvaal image, it might prove beneficial to calculate geo-
logical indexes with which differences in soil  colour can be removed from the thematic
data. For this reason the following geological or bare soil index was computed: 
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        BareSoilIndex
=ρSWIR2 .1� ρG

ρSWIR2 .1 ρG

     (42)

In other words, this is the square root of the normalised difference between the reflectance
values of ETM+ band 7 (SWIR2.1) and ETM+ band 2 (green). Its use will be explored fur-
ther for the statistical rule base extraction in coming research projects.

3.6.5.2 BSI2
Bare Soil  Index (BSI) was computed to identify the bare soil  which include bare areas
(houses, roads, urban and rural built up areas, and eroded areas. The bare soil areas are
enhanced using the BSI (Jamalabad and Abakar, 2004).

BSI=
 ρSWIR

1.6
 ρR� ρNIR ρB 

 ρSWIR
1.6

 ρR� ρNIR ρB 
1          (43)

3.6.5.3 BGI

formulaBareGeneral Indicator
=ρ PC 3∗ρB

�100000          (44)

Where: formula ρPC 3 = is the third principal component. The bare general indicator can
not be used for quantitative analysis, as it is dependent on a principle component which
may vary considerably dependent on the features found within a scene.

ShadowGeneral Indicator
= ρ B� ρPC1          (45)

Where: 

formula ρB = mean value of Blue band per object

formulaρ PC1 = mean value of principal component 1 per object.

Produces a new image with negative values. The highest values indicate the shadow objects that

were detected and masked out. The threshold used was -425.

3.6.5.4 STI
Standard Tillage Index(STI).

 
1.2

6.1

SWIR

SWIR
STI

ρ
ρ

=          (46)

STI (  Also called MidIR Index )= TM5/TM7  (Van Deventer et al. 1997)

CHAPTER 2: GROUND OBSERVATION CLASS DESCRIPTION



CD:NGI Land Cover Field Guide 65

STI index has proven to be good for highlighting the textural and radiometric differences
attributable to the different conditions of the fields (use of different farming techniques -
such as rotation or fallow, if the field is not being farmed- different ploughing techniques,
etc.).  Ploughed fields coincide with the black areas from the STI images, and so can be
differentiated from the fallow and forest areas, which indicate the presence of vegetation
(green). 

3.6.5.4 NDTI

Normalized difference tillage index (NDTI)

1.26.1

1.26.1

SWIRSWIR

SWIRSWIR
NDTI

ρρ
ρρ

+
−

=  (Van Deventer et al. 1997)         (47)

6.1

6.15
SWIRNIR

SWIRNIR
NDI

ρρ
ρρ

+
−

= (McNairn and Protz, 1993)   (48)

 

1.2

1.27
SWIRNIR

SWIRNIR
NDI

ρρ
ρρ

+
−

=           (49)

3.6.6 Spot Indices

Brilliance Index (BI) for Spot XS: 22
NIRRBI ρρ +=         (50)

Pigmentation Index for Spot XS:

R

BGP
ρ
ρ

=         (51)

)2(102
6.1SWIRNIRRZabud ρρρ +−×= (52)

Brilliance Index BI=NIR
2R

2         (53)

The brilliance index reflects changes in the colour of exposed soil and rocks, the soil axis
can be represented physically by the brilliance index, the index also varies in inverse pro-
portion to soil moisture and roughness.
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3.6.7 Time series and indices metrics
Land cover classes change over time and in order to detect true land cover change it is
necessary to distinguish between seasonal effects and actual changes.  Studies using the
measure of vegetation greenness (NDVI) have shown that land cover can be classified ac-
cording to the seasonal vegetation responses to water, temperature and day-length (Reed
et al.,  1994).  Metrics used included time of start of green-up and senescence, rate of
green-up and senescence, values of maximum and minimum NDVI and the time-integ-
rated NDVI as a measure of biomass production.  These studies were based on course
spatial resolution imagery with a high temporal resolution (eg. AVHRR and MODIS).  High
resolution imagery such as SPOT 5 has a low temporal resolution and is therefore difficult
to calculate  accurate time series metrics,  however this has been applied using expert
knowledge systems to compliment the lack of multi-temporal data (Hajj et al., 2009).

Time series metrics for NDVI and EVI/EVI2 were calculated using Landsat 5 and SPOT 5
imagery over at least 3 seasons with available imagery, despite many gaps during vital
phenological stages. The metrics calculated are listed as follows:

1) Integral of NDVI per day = [Σ( NDVI x days)]/total days  (biomass production)
        2) Std Dev NDVI = sqrt [ ( Σ (y-Ῡ)2 ) / (n-1) ]

        3) Min NDVI

4) Max NDVI

5) Mean NDVI

6) max positive ∆NDVI/day (green-up)

7) max negative ∆NDVI/day (senescence)

This method was also applied to the water indices as an experiment to determine whether
other indices, which change seasonally, could improve land cover classification.  The re-
striction of available high resolution time series imagery is limiting of the potential of met-
rics to be used accurately to improve classification.

3.6.8 Tasselled Cap Transformation

A Tasselled Cap Transformation is a useful method to condense spectral information into
a few layers associated with physical surface feature characteristics, with the most mean-
ingful thematic components being 1 – 3 representing scene brightness, greenness and
wetness respectively. This transformation is achieved by applying matrix algebra in the
form of a linear combination to the 6 bands, (1-5,7) of the ETM+ image with a predefined 6
x 6 matrix.  Huang et al. (2001) claim that the conversion matrix applied to transform Land-
sat 5 imagery is no longer applicable to Landsat 7 imagery, and that DN values of imagery
have to be converted to at satellite reflectance before applying a Tasselled Cap Trans-
formation. For the purpose of this project the coefficients published by Huang et al. (2002),
Table 3, were used. The Tasselled Cap Transformation is expected to be of particular use
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for the classification of wetlands, forests, plantations, and cultivation for the NLC 2000 pro-
ject (Tompson et al.2001).

Table 3: Tasselled cap coefficients for Landsat 7 ETM+ at-satellite reflectance. Taken from
Huang et. al. 2002  .  

Index Band 1 Band 2 Band 3 Band 4 Band 5 Band 7
Brightness 0.3561 0.3972 0.3904 0.6966 0.2286 0.1596
Greenness -0.3344 -0.3544 -0.4556 0.6966 -0.0242 -0.2630
Wetness 0.2626 0.2141 0.0926 0.0656 -0.7629 -0.5388
Fourth 0.0805 -0.0498 0.1950 -0.1327 0.5752 -0.7775
Fifth -0.7252 -0.0202 0.6683 0.0631 -0.1494 -0.0274
Sixth 0.4000 -0.8172 0.3832 0.0602 -0.1095 0.0985

3.6.9 Principle Component Analysis (PCA)
Similar  to  a  tasselled cap transformation,  a Principal  Component  Analysis  (PCA)  con-
denses information from different spectral bands into separate orthogonal (uncorrelated)
components stored as raster layers. The difference is that they are not necessarily correl-
ated to useful thematic classes such as vegetation or geology, but rather pronounce natur-
al groupings or components within the data. To compute principal components, data is
subjected to a linear transformation, which in turn was calculated from eigen-vectors and
values derived from a covariance matrix. 

The Principal Component Analysis performed on the images did not prove very useful as
they pronounced unwanted phenomena such as shade and burnt scars which do not fea-
ture as separate classes within the new SA Land Cover classification.

3.6.10 Texture
The incorporation of texture into the classification process as another feature or band in
the  classification  process  improves  the  classification  results.  There  are  several  ap-
proaches to automatic texture classification, including texture features based on the first-
and second-order gray level statistics.

3.6.10.1 First-order Statistics in the Spatial Domain
First-order statistics in the spatial domain include mean (averages), variance, standard de-
viation and entropy (Mumby & Edwards, 2002).  The standard deviation measure is con-
sidered the best of the statistical texture features, but its not as effective as the brightness
value spatial-dependency co-occurrence matrix measures (Gong et al., 1992).

Warner (2002) used a variance texture measure and found that land-cover class separabil-
ity increased when texture was used in addition to spectral information, and that texture
separability increased with larger windows.
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3.6.10.2 Second-order Statistics in the Spatial Domain
Useful texture measures were developed by Haralick and associates (Haralick, 1986). The
higher-order set  of  texture measures is based on brightness value spatial-dependency
gray-level  co-occurrence  matrices  (GLCM).  The  GLCM-derived  texture  transformations
have been widely adopted by the remote sensing community and are often used as addi-
tional feature to multi-spectral classification (Jensen, 2005). Four of the most widely used
include the angular second moment (ASM), correlation (COR), entropy (ENT2) and homo-
geneity (HOM) (Haralick, 1986, Maillard, 2003 cited by Jensen, 2005).  The preferred set
of statistics (contrast, correlation, and entropy) are regarded as superior to the use of any
single statistics or using the entire set of statistics (Clausi, 2002).

Gong et al. (1992) found that 3x3 and 5x5 windows were generally superior to larger win-
dows. Several scientists suggest that it is a good idea to reduce that quantization level of
the input data (e.g., from 8 bit data with values from 0 to 255 to 5-bit data with values from
0 to 31) when creating the texture images so that the spatial–dependency matrices to be
computed for each pixel do not become too large (Clausi, 2002).

Jensen and Toll (1982) report on the use of Haralick’s angular second moment (ASM) for
use as an additional feature in the supervised classification of remote sensed data ob-
tained at the urban fringe and in urban change detection.  GLCM texture measures in-
creased  the  classification  accuracy  of  forest  species  (Franklin,2001).   GLCM textures
measures are useful in the discrimination of classes with internal heterogeneity and struc-
tural/geomorphometric patterns. (Franklin, 1991).

Important considerations when using GLCM-derived texture measures.

1.The texture measures(s).

2.Window size (e.g., 3x3, 5x5, 32x32).

3.Input spectral channel used to extract texture information (PAN, red or NIR).

4.Quantization of the input data used to produce the output texture image (e.g 8bit, 6bit, 4
bit).

5.The spatial component (i.e. the inter-pixel distance and angle used during co-occurrence
computation).
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Illustration 90: Example of texture analysis (standard deviation) (Brodsky,
Kolomaznik & Bartalos, 2009).

3.6.10.3 Histogram based texture algorithms
The GLCM texture measures are calculated for a pair of pixels in the different directions
within a specified window.  Histogram texture measures are calculated using the histogram
statistics of all the pixels within the specified window and can be used in conjunction with
other texture measures for segmentation and classification.  PCI Geomatica V10 offers a
histogram based texture  algorithm called HISTEX.   The twelve  textural  measures are:
Mean, Median, Mean deviation, Mean deviation from the Median, Mean Euclidean dis-
tance,  Variance, Normlaised Coefficient of Variation,  Skewness, Kurtosis, Energy, En-
tropy and Weighted-rank fill ratio (Dekker, 2003).

Unfiltered imagery is recommended for histogram texture analysis, and the resulting output
values must be stored as 32-bit images to preserve the detail.  This output an be scaled to
a more suitable file size.

Each land cover class may require a different texture measure or combination of measures
for effective classification.

3.6.10.4 Edge detection texture filters

Texture values were not calculated on the basis of original spectral bands, but using spe-
cially transformed image, namely SPOT 2 band filtered with the use of Laplacian Edge De-
tector (Type 1) offered by PCI Geomatica software.  The applied transformation enhanced
edges of objects representing built-up land.
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Illustration 91: Example of applying Laplacian Edge Detector (Type 1) for
filtering SPOT image with built-up land.

However, the Laplacian edge detection algorithm creates a blurred boundary over 3 pixels
and a sharp line edge detection over a single pixel can be achieved using the Lee-sigma
filter subtracted from an original panchromatic image to create a difference output image
(Wezyk & de Kok, 2005).  The inverse of the Lee-Sigma is also used to create what has
been termed the border and frame artificial image layers, which highlight the bright objects
on a dark background and dark objects on a bright  background respectively  (de Kok,
Wezyk and Weidenbach, 2008).   Panchromatic, red and NIR bands can be used for edge
detection for forest vegetation, built-up areas, shadow and forest succession on agricultur-
al fields (Wezyk & de Kok, 2005).  Border and frame are used for segmentation and also
as a customised feature where the ratio of the original image over the derived edges gives
measures of homogeneity, size and intensity.

3.7 Image Fusion / Resolution Enhancement

A delicate trade-off between the accommodation of high spatial, spectral, radiometric and
temporal resolutions exists when designing an earth observation sensor. The major bottle-
necks for this are high-data volumes required to be down-linked from the sensor and lim-
ited sensitivity of detectors to electromagnetic radiation. The later increases the signal to
noise ratio as consistent signal-noise starts to overshadow decreasing differences in radi-
ation measurements. A mitigation of the bottlenecks is the joint acquisition of imagery with
different resolution properties such as high spatial but low spectral resolution (panchromat-
ic band), and low spatial but high spectral resolution (multi- or hyper-spectral bands). A
process of combining the two datasets resulting in an image with both high spatial and
spectral resolution is called image fusion. Zang (2004) gives a good overview of different
approaches. The main objective of image fusion methods is to reduce radiometric distor-
tion during fusion, so that products remain useful for quantitative image analysis. 

Vrabel (1996) undertook a quantitative and qualitative comparison of older image fusion
methods such as IHS, PCA, High-Pass filtering, Colour Normalised and Sparkle. Sharpen-
ing factors between 2:1 and 6:1 with a 5m pan where used resulting in an effective ground
sampling distance between 5.3m to 6.3m respectively. IHS produced poor results with in-
fra-red bands not covered spectrally by the panchromatic band.   
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When panchromatic and multi-spectral images for an identical area are acquired simultan-
eously by the same sensor and an accurate interior orientation definition accommodates
an accurate systematic alignment, the images may be fused before geometric correction.
In this case a preceding fusion is desirable as it allows accurate collection of GCP’s re-
quired for geometric model calculation as feature location and differentiation is improved
(Masek et al 2001). 

The older PCA fusion method is compared with state of the art algorithms and technicalit-
ies of these methods will be discussed in greater detail in the following subsections. For an
evaluation of the PCA, statistical and wavelet-based methods, a Landsat 7 image is used
from the core area and segmented after fusion, extracting object samples from homogen-
eous areas. Mean spectral values and standard deviations of fused products are com-
pared to those of the raw multi-spectral images for extracted objects. 

3.7.1 Principal Component Image Fusion
The IHS, Brovery, Multiplicative and Principal Component Image fusion (PCIF) techniques
have been available to the remote sensing community for many years and are regarded as
classic image fusion techniques. There is general consensus in the user community that of
these four options, only the PCIF produces results that fulfil the requirement for multi-spec-
tral imagery covering a wide spectral range with more than three bands. 

The algorithm entails that the multi-spectral bands are re sampled to the same spatial res-
olution as the panchromatic  image and a Principal  Component  Analysis  (PCA) is  per-
formed on the resulting dataset.  The first  principal component (PC1) represents image
brightness or intensity. This is similar to the spectral properties of the panchromatic band.
After matching histograms and ranges of the panchromatic band to that of PC1, PC1 is re-
placed with the panchromatic band and the image is reconstructed with an inverse PCA.
This algorithm has been implemented in ERDAS Imagine 8.7. 

3.7.2 Filter based edge enhancement techniques
To maintain the spectral integrity of a fused product for quantitative image analysis, sever-
al image fusion procedures make use of filters to detect spatial variability and edges in the
panchromatic image, transferring only these features to the multi-spectral image.  Stein-
nocher (1999) introduces the Adaptive Image Fusion method using a modified sigma filter.
The sigma filter averages only those values in a window, that lie in a two-sigma range of
the central pixel. “The AIF algorithm starts with applying a modified sigma filter to the panchro-
matic image. At each position of the moving window the two sigma range related to the central
pixel is calculated, and all pixels within the window which fall into that range are selected. The pos-
ition of the selected pixels is then transferred to the multi-spectral band, where the averaging of the
respective sub-pixels is performed. The process could be described as sigma filtering of the multi-
spectral band where the filter behavior is controlled by the panchromatic image. It is important to
note that no spectral information is transferred from the panchromatic image to the multi spectral
band during the whole procedure. This leads to a better delineation of objects in the multi spectral
band without significantly changing the spectral information.” (Steinnocher 1999). A major dis-
advantage of the AIF technique is that it removes texture from images, is very computation
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intensive and does not do well with a resolution ratio of 2:1 and relative pixel alignment
between the two datasets with a pixel is point reference as is the case with ETM+ imagery.

A  similar  technique  preserving  texture  has  been  introduced  by  Cheng  Toutin  &  Tom
(2000).  The Atlantic enhancement technique uses the local correlation of edges to en-
hance edges in the lower resolution VIR data wherever there is a corresponding edge in
the panchromatic band. This enhancement is done on VIR band at a time using the same
panchromatic band as a high-resolution reference. Low spatial frequency information is
automatically preserved since the technique is only adding high spatial frequency informa-
tion to edges. The enhanced data is entirely consistent with the input data.

Ehlers Greiwe & Tomowski (2006) introduced a new fusion approach known as the Ehlers
method. In this case both the panchromatic and multi-spectral images are subjected to a
Fast Fourier Transformation. The resulting frequency domains are subjected to a low and
high pass filter for the multi-spectral and panchromatic datasets respectively. After both
images are reconstructed with an Inverse Fast Fourier Transformation, the results are ad-
ded to one another and matched to the original intensity histograms. This method will be
implemented in the next release of ERDAS Imagine. 

All of the above mentioned filter based edge enhancement techniques have the advantage
of being able to use panchromatic and multi-spectral imagery originating from two different
sensors. 

3.7.3 Statistical Image Fusion
For the fusion of panchromatic and multi-spectral imagery acquired simultaneously by one
sensor, Zang (2004) introduced a statistical based fusion technique. This has become an
industry standard as data providers such as Global Image use this algorithm to produce fu-
sion products for their Quickbird and Ikonos imagery. The method is based on regression
analysis between the panchromatic and multi-spectral bands, calculating the least squares
to find the best fit between datasets. Based on this correlation, statistical properties from
the panchromatic band are adapted and transferred to the multi-spectral bands. This ap-
proach minimises spectral degradation and maintains textural and contrast features from
the panchromatic band. The fusion method has been implemented as the PANSHARP
module in PCI and is used by SAC as the default fusion algorithm.

3.7.4 Wavelet image fusion
Shi et al. (2003) mention that conventional image fusion methods such as the Brovey, IHS
and PCA, distort spectral characteristics of the multi-spectral image which makes further
quantitative analysis  difficult.  They present a Multi-Band Wavelet fusion method, which
maintains spectral integrity and allows the fusion of data from different sensors such as
SPOT and Landsat or SAR, and between multi-spectral images with uneven resolution re-
lationships. This is favourable over the two-band wavelet which can only fuse multi-spec-
tral images with a resolution twice as course as that of the panchromatic image. 

During wavelet image fusion, the panchromatic band is decomposed with wavelets to a
resolution of the multi-spectral image, producing four images representing different levels
of directional frequencies as illustrated by Illustration 92.  To the left is the original high-
resolution image with the four primitives or directional frequencies displayed in the right
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block. Frequencies for the top left, top right, bottom left and bottom right are LL (Low hori-
zontal, Low vertical), LH (Low horizontal, High vertical), HL and HH respectively. High fre-
quencies for any direction combination thus represent image texture only, while the low
frequency image is merely a down-sampled intensity image from the original. The LL im-
age is subsequently replaced with a multi-spectral band and the image reconstructed us-
ing the wavelet primitives.

Illustration 92: Wavelet decomposition into low and high frequency images (Shi et al 2003).
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CHAPTER 4: REMOTE SENSING CLASS DESCRIPTION 

4.1 Characterisation of Land Cover Classes in Remote Sensing Imagery

Land Cover Classes can be described according to their characterisation in remote sens-
ing imagery. This characterisation manifests itself in the form of spectral, textural bidirec-
tional  reflectance,  SAR polarimetrical,  SAR interferometric  properties  and phenological
variability over time using multi- or hyper-temporal data. In the following section land cover
classes will be described according to their variables measured via remote sensing.

4.1.1 Spectral Characterisation
The classical field of land based remote sensing for land cover classification has revolved
around the spectral characterisation of different land surfaces. Different surfaces reflect
light at different intensities back to the sensor and these intensities are wavelength de-
pendent. Illustration 93 shows such spectral signatures. Man-made features such as fresh
concrete show the highest reflectance throughout all wavelengths, with a gradual increase
from blue to SWIR 1.6 and a slight dip from SWIR 1.6 – SWIR 2.1. As concrete ages the
general reflectance decreases but the reflectance pattern remains the same. Asphalt has a
reflectance varying from 15 – 25 % reflectance with an almost linear increase from the
blue band to the SWIR 2.1.

Soil and sand have a similar spectral signature to artificial surfaces with high variability and
generally a lower reflectance value in the blue band. A mixed soil and vegetation signal, or
dry vegetation, have a low reflectance around 5 – 10 % in the blue band with a gradual in-
crease to the red band at 10-15%, a sharper increase from red to near NIR to 25-30, no in-
crease for senescent vegetation from NIR to SWIR1.6 but an increase to 38 – 40 % at
SWIR 1.6 for a soil and vegetation mixture with both curves dropping 10 – 15% between
SWIR1.6 and SWIR 2.1. 

Actively growing vegetation absorbs light in the blue and red part of the electromagnetic
spectrum due to photosynthesis, and therefore have low reflectance values between 3 – 5
% in these bands.  The fraction of chlorophyll a or chlorophyll b determines if either more
light is absorbed in the blue or the red part of the electromagnetic spectrum respectively.
Green light is generally reflected stronger 5 – 8 % than blue or red light in vegetation,
which gives vegetation its green appearance in the visual range. With the high water con-
centration in the palisade tissue of the leaves, NIR is strongly reflected – 25 – 55 % de-
pending on the vegetation type. Herbaceous vegetation has a much higher reflectance in
the NIR wavelength than woody vegetation. The ratio between the low red reflectance and
high NIR reflectance is used in many vegetation indices. Between the NIR and SWIR1.6
part of the spectrum, reflectance decreases dramatically between 15 – 30 % , followed by
a slighter decrease to 7 – 10% in SWIR2.1.

The spectral response of water is dependent on its depth, turbidity and the smoothness of
its surface. When the remote sensing instrument is looking into the opposite direction as
the incoming solar radiation, specular reflection may cause sun glint and a very high re-
flectance  measured  in  all  bands.  In  all  other  reflectance  geometries,  reflectance  from
whatever is generally low decreasing gradually from blue 3 -8% to SWIR1.6 close to 0%.  
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It is these spectral signatures that are used for the pixel-based, automatic spectral rule-
based  preliminary mapping of Landsat TM and ETM+ images as described by Baraldi et
al. (2006).  For classification to be fully automated it must have no user intervention by
way of parameter input or training data samples, and must be scene independent over
time, space and sensor.  The only way to ensure input data independence is to use well-
calibrated imagery normalised to top of atmosphere reflectance (TOARF) expressed as a
unit  less value between 0 and 1 (or percentage).  All  reference spectral  signatures as
shown in Illustration 93 are expressed in reflectance values, either top of atmosphere (at
sensor)  reflectance or  atmospherically corrected to top of  canopy (surface)  reflectance
(TOCRF).   Not all  sensors are calibrated to the level  required for direct comparison to
spectral libraries and dark-object subtraction based on the reflectance of invariant objects
is required for SPOT, and other sensors (Baraldi 2009).  Atmospheric correction is seen as
an optional step for hazy scenes and clear-sky scenes are preferred to avoid the necessity
for user intervention in a poorly understood process that may introduce more error that if
not executed (Baraldi et al. 2010a).

The spectral rule-based classification uses well-calibrated input data from Landsat 5/7,
ASTER,  SPOT4/5,  ALOS-AVNIR2,  IKONOS-2,  QuickBird-2  or  RapidEye  to  produce  a
primal sketch or preliminary map of up to 46 spectral categories (for Landsat 7-band im-
agery) based on prior knowledge and spectral signatures.  The first of a two-stage classi-
fication is  based on spectral rules based on interband relations, and the second stage is a

CHAPTER 4: REMOTE SENSING CLASS DESCRIPTION 

Illustration 93: Spectral Signatures of Dominant Land Cover Types as extracted from Landsat TM 



CD:NGI Land Cover Field Guide 76

hierarchical classification decision tree including the spectral rules from stage 1, and vari-
ation between bands and features (eg. NDVI, NDBSI etc) using high, medium and low
thresholds (Baraldi et al. 2010a).  The output is a preliminary classification map of spec-
tral-based semi-concepts with no spectral overlap in the order of detection: ‘cloud’, ‘either
ice or snow’, ‘either water or shadow’, ‘vegetation’, ‘either bare soil or built-up’ and ‘out-
liers’.  These semi-concepts are then subdivided into spectral categories and used as input
for further processing by object-based or segmentation classification algorithms to give
them semantic meaning.  The spectral input is provided by the spectral rule-based classifi-
er and textural, topological, geometric and morphological information can be used, togeth-
er with a brightness layer from the MSS image, to classify to semantic classes (Baraldi,
Wassenaar and Kay 2009; Durieux et al. 2009).  Examples of the output of the fully auto-
mated spectral rule based classification on Landsat 7 ETM+ calibrated imagery based on
the  first  published  description  of  this  method  are  shown  in  the  following  illustrations
(94-101) where Blue = water or shadow, Green = vegetation, Orange = shrub herbaceous,
Yellow = rangeland, Grey =  built-up or barren and white  = unclassified  (Baraldi  et  el.
2006).
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Illustration 95:  Landsat 5 TOA reflectance imagery
with 4-5-3 band combination of a dam.

Illustration 94: Example of preliminary classification
map of a dam.
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Illustration 96: Preliminary classification map of a
forestry area.

Illustration 100: Landsat 5 TOA reflectance imagery with
4-5-3 band combination of a forestry area.

Illustration 98: Preliminary classification map of
orchards

Illustration 101: Landsat 5 TOA reflectance imagery with
4-5-3 band combination of a forestry area.

Illustration 97: Landsat 5 TOA reflectance imagery with
4-5-3 band combination of a forestry area.

Illustration 99: Preliminary classification map of a
mining area.
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4.1.2 Phenological Characterisation
Phenology is the spectral behaviour of land cover features over time cycles which may os-
cillate at daily, annually or even decadal cycles. These cycles may be driven by physiolo-
gical processes in vegetation that are dependent on fluctuations of sun light, water availab-
ility and the successional stage of the vegetation. Phenology is therefore a property mainly
used to describe a vegetation state and its associated land cover class.  Illustration 102
provides an example of such phenological curves for vegetation in the Stellenbosch re-
gion. The area gets little rainfall in summer and autumn with most of the rains falling in
winter, decreasing towards early spring. 

Fynbos, the natural vegetation of the area has adapted to this rainfall region, having the
highest vegetation response in winter and spring, rapidly decreasing in summer as water
limitations induce vegetation dormancy. Pine plantations with their deep rooting systems
have a relative flat growth response throughout the growing season with a minimum in au-
tumn where both water resources and temperature are a limiting growth factor, peaking in
spring. Vineyards have their main vegetation peak in summer and loose their leaves in au-
tumn so that only the underlying vegetation such as certain graminoids and weeds provide
a vegetation response over vineyard areas in winter.  With the sprouting of leaves and
shoots in spring the vegetation response increases sharply again. Orchards have a similar
vegetation response to vineyards just that their peaks are substantially higher due to their
better rooting system and subsequent access to water. Wheat being a winter crop is sown
in autumn and has a tremendous increase in vegetation response as the crop germinates
and obtains full vegetation cover over the ground towards winter. As the crop matures in
spring this rate of increase decreases until it starts to become negative. As the harvest
takes place in early summer and the bare soil is exposed, the vegetation response  drops
to zero. 

Time series index matrices as described in section 3.6.6 are used to quantitatively charac-
terise the phenological curves as described above. Phenology does not only show itself in
optical spectral data, but can also be characterised in terms of BRDF, texture, coherence
and polarimetric properties in SAR imagery discussed in the next sections. 
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Illustration 102: Phenological Curves of Land Cover Classes in the Stellenbosch region

4.1.3 BRDF Characterisation
Surfaces exposed to electromagnetic radiation either absorb or reflect this radiation back.
The directions into which this reflection occurs may vary considerably depending on the
surface type ranging from specular reflection whereby all the radiation is reflected into one
direction only or diffuse reflection with an even reflection into all directions. The directional
reflective property of an surface is characterised by the Bidirectional Reflectance Distribu-
tion Function (BRDF) already mentioned in chapter 3.5 under topographic normalisation
where this phenomenon also needs to be taken into account. The BRDF variability is de-
pendent on surface types, illumination angle, surface roughness and wavelength. The abil-
ity to describe this phenomenon sufficiently and converting BRDF values to physical para-
meters enables the description of surface type, roughness and structure.  Illustration 88
and Illustration 89 in chapter 3.5 illustrate the BRDF properties of herbaceous and woody
vegetation respectively. The BRDF can thus be characterised with optical instruments ac-
quiring imagery with a short time laps of a few seconds or minutes of the same area at dif-
ferent angles but the same wavelength. All optical sensors providing stereo imagery at the
same wavelength  are  suitable  for  BRDF characterisation  and include  digital  cameras,
MISR, ALOS Prism, Cartosat 1 and ASTER.

Illustration  103 and  Illustration  104 show the  different  BRDF properties  of  land  cover
classes.  Illustration 103 shows a panchromatic image of Cartosat 1 where built-up areas
and bare soil are bright and vegetation different shades of grey. This aft image taken close
to nadir illustrates that land cover classes are poorly discriminated in single band single
angular imagery. When the aft image however is combined with the fore image and a nor-
malised difference BRDF image calculated from these, displayed together in an image

CHAPTER 4: REMOTE SENSING CLASS DESCRIPTION 



CD:NGI Land Cover Field Guide 80

composite as demonstrated in the illustration to the right below (Illustration 104, different
land cover types can easily be discriminated. Woody vegetation is displayed in dark blue,
reeds in magenta and fynbos in blue-yellow. Due to a specular reflectance of tarred roads,
these are also easily discriminated, showing up as brown-red features.

Illustration 103: Cartosat 1 aft image over a
wetland with varying indiscriminate vegetation
structure.

Illustration 104: Cartosat 1 BRDF image
composite. Woody vegetation in dark blue, reeds
at different heights in shades of lighter blue. 

4.1.5 Textural Characterisation
With the increased availability of very high resolution imagery such as Spot 5 2.5m, Quick-
bird 0.6m and DMC digital photography, the importance of spectral information of Land
Cover classes  are placed in order of importance with contextual information inherent in
the imagery. One of the key contextual information sources is image texture describing the
aggregation of pixels with similar properties or the emergence of patterns with pixel group-
ings of varying intensities. Texture is scale dependent which is the reason for comparing
texture of imagery with different resolutions to isolate classes. An example of this would be
the description of texture in vineyards compared to built-up urban areas from imagery with
a resolution of 0.5m. While both classes are highly textured in the high resolution imagery
having a  texture  variance value of  above 0.3  calculated with  a  3  x  3  moving window
sampled at an area of 5 x 5, the texture over vineyards disappears in the Spot 5 imagery,
for the same variance feature, to below 0.05.  Vineyard rows are spaced less than 2m
apart and thus each pixel has equal proportions of vineyard row and ground reflectance
values in it, while texture is maintained for the urban areas above 0.2. The texture of water
is low at all scales unless wave frequency is longer than the pixel resolution. 

4.1.6 SAR Polarimetric Characterisation
With the recent launch of TerraSAR-X, Radarsat-2 and ALOS PALSAR, fully polarimetric
synthetic aperture radar satellite imagery is now available to the wider public. This means
that a SAR signal is sent out in both the horizontal and vertical polarisation and is received
in VV (sent vertical received vertical), VH (sent vertical, received horizontal), HH and HV

CHAPTER 4: REMOTE SENSING CLASS DESCRIPTION 



CD:NGI Land Cover Field Guide 81

polarisations. While HH returns a stronger signal for build up areas, VV is more sensitive
to vegetation. A change in polarity indicates a double bounce effect where the signal has
first hit the ground and then an object at 90 degrees to the ground such as a wall or a tree
trunk. An even return of all polarisations indicate that volume scattering has taken place
and the signal has bounced off objects several times before returning to the sensor. This
scattering normally occurs in areas with high biomass such as a thick bush. The degree of
scattering is also wavelength dependent. The short X band penetrates the surface only
marginally and a double bounce occurs in a grassland with volume scattering occurring in
a mature wheat field.  The C band from Radarsat 2 is not affected by herbaceous vegeta-
tion while  the L band from ALOS PALSAR is only sensitive  to woody vegetation. The
backscatter from water is generally very low but a very high return is expected due to a
strong double bounce from wetlands where the signal is  completely reflected specular
from underlying water and then bounces off the vegetation directly back to the sensor.  Il-
lustration  105 indicates  the  different  types  of  scattering  from  the  various  land  cover
classes.

4.1.7 SAR Interferometric Characterisation
Interferometry is the science of combining complex radar imagery consisting of the phase
and amplitude with minute differences in range at sub-wavelength scale for corresponding
points in an image pair. A valuable parameter calculated during interferometric analysis is
coherence. Coherence is the measure of correlation between images of an interferometric
pair. It is highest for surfaces with direct radar reflection and lowest for volume scatterers.
Thus the higher the biomass or biomass change, the lower the coherence values.
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Illustration 105: TerraSAR-X dual pol VV,VH,VV-VH colour composite featuring different land
cover classes.
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Coherence layers generated from permutations of analysing several interferometric pairs,
together with the SAR intensity images, can thus provide a good description of vegetation
structure and biomass with unique scattering mechanisms. A problematic aspect in the
use of coherence as quantitative measure for vegetation structure and biomass is its sus-
ceptibility to varying ground conditions such as wind and rain. This requires a calibration of
each coherence layer, making the automatic extraction of thematic information difficult. For
the Swartland super site, TerraSAR X imagery was used to discriminate between wheat
and barley cultivation. Although a multi-date intensity composite as shown in  Illustration
106 does not differentiate between the two crops, the multi-date coherence composite as
shown in Illustration 107, does so very well with barley illustrated as yellow and wheat as
greenish blue.

Illustration 106: TerraSAR X strip map, multi date
intensity composite over the Swartland

Illustration 107: TerraSAR X strip map, multi date
coherence composite illustrating structural differences
between newly planted wheat (left) and recently germinated
rye (right) 

4.2 Class Differentiation

The  following  short  paragraphs  provide  methods  used  for  the  discrimination  of  basic
classes. These are rough guidelines and are followed by a detailed description of data de-
pendent rules used for the extraction of the finer classes.

4.2.1 Vegetation / Bare Areas 
As a the intensity of a vegetation response is dependent on the season a MSAVI2 metric
consisting of a cloud free image per season for the reference year and a summer image
for the past 5 years had to be calculated. A layer containing the maximum vegetation re-
sponse values was used to select a threshold of >= 0.2 to separate vegetation from bare
areas. The MSAVI 2 has been selected for this as it is self adjusting and the least soil and
aerosol sensitive.
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4.2.2 Land / Water-bodies
The unique spectral characteristics of water as described in section 4.1.1 , with a low re-
flectance in the blue band, rapidly dropping towards the near infra-red and almost no re-
flectance in the short wave infrared, makes it easy to discriminate water from land. Metrics
similar to those of vegetation / bare area differentiation where calculated from water in-
dices and a median composite calculated to allow for a good separability.

4.2.3 Natural / Man Induced
Natural versus man induced land cover types could be mainly differentiated from textural
parameters calculated from Spot 5 panchromatic imagery. Particularly variance calculated
from a 3x3 window was suitable for the separation of residential areas from their surround-
ing. The compactness of object segments over agricultural and industrial areas separated
this class from its natural surroundings.

4.3 Classification Approaches

To extract a reliable land cover product from satellite imagery, the land cover classes need
to be characterised accurately by this data. Features describing a land cover class thus
have to be correlated directly with a remote sensing derived measurement.  In the follow-
ing chapter, the author attempts to present a land cover characterisation from remotely
sensed measurements that follow a classification tree similar to that of the classification le-
gend. Subclasses hereby inherit the classifiers of their super-classes.

4.3.1 Vegetation Status 
The presence of vegetation entails a photosynthetic activity during the main vegetation
period of a area. For classification of vegetation status from multi-spectral imagery, a time-
series of acquisitions covering the complete annual and succession vegetation cycle is ne-
cessary. As this cycle does vary between different types of vegetation such as forests, fyn-
bos, grassland, dry land and irrigated crops, at least one image is necessary per season
for preferably five consecutive years.
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CHAPTER 5: ACCURACY STANDARDS

5.1 Introduction 

The goal of a quantitative accuracy assessment is the identification and measurement of
classification  error.  Classification  accuracy  in  remote  sensing  is  used  to  establish  the
agreement between the selected reference materials and the classified data. In general
accuracy  assessments  determine  the  quality  of  the  information  derived  from remotely
sensed data (Congalton and Green, 1999). The accuracy of spatial data has been defined
by the USGS as: "The closeness of results of observations, computations, or estimates to
the true values or the values accepted as being true" (USGS, 1990). Accuracy describes
the closeness of a measurement to the true value of the quantity being measured. Accur-
acy assessment may be undertaken for many different purposes, and these different pur-
poses may influence the choice of approach and result (Janssen and van der Wel 1994).
The objective of the accuracy assessment will ultimately determine the scope of the as-
sessment, the degree of statistical rigour necessary, and the requisite level of resources.
Defining the objective of the accuracy assessment clearly in consideration of the intended
application(s) and the operational constraints of the specific project determines whether an
accuracy assessment will be meaningful. Accuracy assessment is a important requirement
in remote sensing and provides information about the quality of the classification (Matsakis
et al. 2000, Foody 2002).  The term quality puts the concept of accuracy in a broader con-
text, by appending to it a label which refers directly to the objectives and requirements that
have been determined prior to the accuracy assessment.  A complete quality evaluation
system should therefore be able to tell  end-users (i.e. those who will  actually  use the
thematic maps created with the image processing tools) the actual cost of choosing a cer-
tain data set, feature vector, or classification algorithm.

There are a number of ways to investigate the accuracy/error in spatial data including, but
not limited to visual inspection, non site-specific analysis, generating difference images, er-
ror budget analysis, and quantitative accuracy assessment (Congalton, 2004).

5.2 Reasons for accuracy assessment 

Accuracy serves as the basis for the analysis of errors, which may creep in during the
classification process due to complex interactions between the spatial structure of land-
scape, sensor resolutions and classification algorithms. Congalton (2004) summarized the
reasons for accuracy assessment as follows.

1) The need to perform a self-evaluation and to learn from your mistakes

2) The ability to compare methods/ algorithms/analysts quantitatively.

3) The desire to use the resulting maps/ spatial information is some decision making 
processes.
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5.3 Types of Map Accuracy Assessment.

There are two types of map accuracy assessment: position and thematic.

1.Positional  accuracy  deals  with  the  accuracy  of  the  location  of  map  features  and
measures how far a spatial feature on a map is from its true or reference location on the
ground  (Bolstad,  2005).  It  measures  the  location  accuracy  of map objects  and   data
sources in reference to the earth and to one another.

2.Thematic accuracy deals with label or attributes of the features of a map, and measures
whether the mapped feature labels are different from the true feature label. It measures
whether a material on the earth or a condition mapped correctly.

The accuracy of any map or spatial data set is a function of both positional accuracy and
thematic accuracy.

5.4 Critical Steps in accuracy assessment.

Accuracy assessment includes three fundamental steps:

1) Designing the accuracy assessment sample.

2) Collecting data for each sample

3) Analyzing the results

Two types of information are collected from each sample:

-Reference accuracy assessment sample data:  The position or class label of the accuracy
assessment site, which is derived from data collected that are assumed to be correct.

-Map accuracy assessment sample data: The position or class label of the accuracy as-
sessment site, which is derived from the map or image being assessed.

5.5 Sources of error and error budget analysis

A variety of errors are encountered in an image classification. Each source of error adds to
the total error budget separately and/or through a mixing process.  Errors that are found in
the image classification results emanate from the sources outline below: 

•Data Acquisition
•Data Processing
•Data Analysis
•Data Conversion
•Error Assessment
•Final Product Presentation 
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Lunetta et al. (1991) illustrates the error accumulation in a remote sensing information pro-
cessing flow  in Illustration 108. Sources of error in remotely sensed data are shown in Il-
lustration 109.

Illustration 108: Error accumulation in a remote sensing information processing flow Lunetta et
al. (1991)

Illustration 109: Sources of error in remotely sensed data. (Lunetta et al., 1981)

Congalton & Green (1999) indicated that an error budget analysis is an important consid-
eration in error evaluation. The authors proposed that special error budget analysis table
could be used analyse error components in an error budget. The proposed template for
conducting an error budget analysis contains various components that comprise the total
error are listed, each component is then assessed to determine the total contribution to the
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overall  error.  A template  to  be used to  conduct  just  such an error  budget  analysis  is
presented below.

Table 4: Template for conducting an error budget analysis.

Error Source Error Contri-
bution Poten-
tial

Error Control

Difficulty

Error Index Error Priority

1.Error Contribution Potential: Relative potential for this source as contribution factor to the
total error. (1= low, 2= medium, and 3= high).

2.Error Control Difficulty: Given that current knowledge about this source, how difficult is
controlling the error contribution (1= not very difficult to 5= very difficult).

3.Error Index: An index that represents the combination of error potential and error diffi-
culty.

4.Error Priority: Order in which methods should be implemented to understand control, re-
duce, and/or report the error due to this source based on the error index.

Accuracy Assessment processes

Accuracy assessment is comprised of four main aspects.

-Development of sampling and evaluation protocols for reference /ground truth   data. 

-Independent evaluation of reference data.

-The classification scheme and category semantics

-Development of a standard reference data set to evaluate the sources of disagree-
ment between the reference data and the thematic map. 

The fundamental aspects involving  accuracy assessment are shown on Table 5.
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Table 5: Accuracy assessment framework for  land cover classifications (Mulder et al., 2006)

OBJECTIVE What is the object-
ive of the accuracy
assessment?

• What is the priority: overall map accuracy or indi-
vidual class accuracy (or both)?

• Are there rare classes of special interests?

• Is precision a priority for specific target classes of
interest?

• What are the intended applications for the land cov-
er product?

SAMPLE
DESIGN

Target population

Sample frame

Sample unit

Sample size

Sample design

• What is the target population?

• How will the samples be selected?

• What to sample?

• What is the target or accepted level of accuracy?

• What method of hypothesis testing will be used?

• How many samples are appropriate given the an-
swers to the preceding two questions?

• Where to sample (what method of sample selection
will be used)?

RESPONSE
DESIGN

Evaluation  pro-
tocol

Labelling protocol

• What is the spatial support region (SSR) on which
the reference land cover evaluation will be determ-
ined?

• What is the size and shape of the SSR?

• How will the SSR be used to determine the refer-
ence classification?

• What reference data are to be collected?

• How will the reference data be classified for com-
parison with the image data?

• What will  be the definition of agreement between
the map label and the reference label?

• Will the protocol be relevant from the perspective of
the end-user?

ANALYSIS  AND
ESTIMATION

Error matrix

Estimation  of  ac-
curacy parameters

Variance

• Report in proportions rather than counts.

• What is the appropriate formula to estimate the ac-
curacy parameters based on the sample design?

• What  is  the  appropriate  formula  to  estimate  the
variance for the accuracy parameters based on the
sample design?
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Illustration 110: From reference and observed data to quality assessment.

5.6 Sources of reference/ground truth data

Ground truth/reference data is vital for training and validation and is an integral part of ac-
curacy assessment. The main sources of reference/ground truth data are

1.Field assessments using GPS and photographs.

2.Thematic maps of the area.

3.Discussions with local scientists/residents.

4.Past and current satellite image data and aerial photography.

5.Virtual globes or geo-browsers e.g. Google Earth, Microsoft Virtual Earth, Google Maps.

5.6.1  Field Sampling
Field sampling is done to collect field sample points that can be used to validate classifica-
tions or sample areas that can be used as training sites. To be effective sampling must be
distributed throughout and samples must be discrete, identifiable points on both ground
and image. Typically at least 50 sampling points per information class are required, and
stratification should be by spectral class rather information class  (Congalton, 1991).  The
sampling framework should try to ensure that samples are collected randomly without bias
(Jensen, 2005). With traditional statistical inference random points ensure sample inde-
pendence to best calculate central tendency. In spatial statistics dependency and autocor-
relation concerns cause us to want as many intersample distances and as few gaps as
possible. The use of any previous classifications or an unsupervised classification is im-
portant in data stratification. In this project, the 2000 classification was used to generate
stratified random samples. To ensure accessibility, a 100m buffer was generated along the
roads to ensure fast sample collection within easy reach.  It is important to carry GPS
handsets, field note books and printed field maps and classifications for recording the co-
ordinates of field sample points and other additional notes.
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To increase the speed of field validation surveys, aerial surveys can be used to capture a
synoptic view of the target areas. Geotagged photographs can be taken using high resolu-
tion cameras along evenly distributed transects. Considerable effort should be spend in
flight planning to ensure representative photographs are taken. Flight surveys provide sev-
eral advantages such as access to private property and capturing impenetrable thickets.

5.6.2  Sampling Methods
Congalton and Green (1999) states that they are basically five methods that are commonly
used in to collect ground reference test data for validation with classification results. These
include random sampling, systematic sampling, stratified random sampling, stratified sys-
tematic unaligned sampling and cluster sampling (Jensen, 2005).

5.6.2.1 Simple random 
Full use of inference but weaker on spatial statistics because of the gaps between clumps.
Observations are randomly placed. This method ensure that members of a population are
drawn independently with an equal chance of selected. Simple random sampling may un-
dersample small classes that  might be very important  and sample might be located in
harsh or access-denied areas (Jensen, 2005).  Illustration 111 demonstrates how simple
random sampling is done.

    Illustration 111: Simple Random Sampling

         

5.6.2.2 Systematic sampling 
Is used to overcome the shortcomings of simple random sampling by using a consistent
and orderly method such as a regular grid of coordinates.  Sampling starts off with a ran-
dom selection of points that proceeds in a periodic fashion. Systematic sampling however
tends to overestimate the population parameters (Jensen, 2005).

5.6.2.3  Stratified random sampling
Random sampling with spectral or information class. Assures classes covered, some infer-
ential ability, but may not be best for interpolation if large “gaps” result.  A minimum num-
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ber of observations are randomly placed in each category. This is the preferred sampling
by  most  remote  sensing  analyst.  Illustration  112 demonstrates  how  stratified  random
sampling is done.

  
Illustration 112: Stratified Random
Sampling

          

5.6.2.4  Stratified systematic unaligned sampling 
Combines randomness and stratification with a systematic interval. It introduces more ran-
domness than just beginning with a random location for the first sample in each stratum
(Jensen, 2005).

Illustration 113: Stratifed systematic
unaligned sampling.
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5.6.2.5  Cluster sampling
Randomly placed “centroids” used as a base of several nearby observations. In this meth-
od,  several  samples are  collected at  a single random location (Congalton,  1988).  The
nearby observations can be randomly selected, systematically selected, etc... A combina-
tion of random and stratified sampling achieves a good balance between practical feasibil-
ity  and  statistical  validity  (Jensen,  2005).  Illustration  114 demonstrates  how  cluster
sampling is done.

Illustration 114: Cluster Sampling

5.6.3  Virtual Fieldwork
The cardinality of reference samples collected in the field is usually far below requirements
for accuracy assessment (Baraldi et al., 2009), for a number of logistical and economic
constraints.  Thus, the reference data set can be augmented by visual selection of target
land cover class samples in high-resolution images of the study area provided by commer-
cial geobrowers such as Google Earth, Microsoft Virtual Globe and Google Maps (Baraldi
et al., 2009). Virtual globes are relatively recent phenomena in the computer world, but
they are  quickly  becoming ubiquitous and popular.  Virtual  Earth’s  very  high resolution
Bird’s Eye images are a useful  and time-saving tool for labelling clusters (Rakshit  and
Ogneva-Himmelberger, 2009). Virtual Earth can be used as a surrogate for field work re-
quired for accuracy assessment after an image is classified.  Google maps for instance
also provides high resolution geotagged photographs in certain areas which are very use-
ful  when  validating classification results.  Goodchild (2008) however highlights  that  in
Google Earth, for instance, the most obvious elements of data quality such as date and
time at which the base imagery was acquired and its spatial resolution are not available to
the user (Goodchild, 2008).  Spatial misplacements and temporal differences between vir-
tual globe samples and space borne imagery should be cleaned up to remove erroneous
reference samples. 

The general steps for this task are provided by Rakshit and Ogneva-Himmelberger

(2009)  as follows:

1. Generate a set of sampling points for accuracy assessment using your GIS or image
processing software and stratified random sampling scheme.
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2. If necessary, convert these points into shapefile format and use free ‘Export to KML tool’
in ArcGIS to create a kml file of these sampling points.

3. Open this kml file in Virtual Earth by clicking on Collection > Open your collections > Im-
port  and record land cover  classes for each point  in  a table.  This table  will  have two
columns of data – the ID of the sampling point and the corresponding land cover class.

4. Based on this table, create a ground truth image in your image processing software.

5.  Perform accuracy assessment using information from the ‘virtual field work’  and the
classified image.

5.7 Measures of thematic accuracy.

Assessments can be either qualitative or quantitative. A number of indices have been pro-
posed to measure thematic accuracy. Each of these indices is sensitive to different fea-
tures (Foody, 1992; Pontius, 2000). Different measures of accuracy evaluate different as-
pects of accuracy and are based on different assumptions (Lark, 1995; Stehman, 1999a).
An accuracy of 85% is generally considered as a benchmark (Foody 2002, Reese et al.
2002, Fuller et al.  2003, Tømmervik et al. 2003). The validity of 85% as a standard is
however contentious (Laba et al. 2002).

The kappa coefficient of agreement has been recommended as the standard measure of
accuracy in many instances,  (e.g.,  Smits et  al.,  1999) notwithstanding that there is no
single universally acceptable measure of accuracy (Stehman, 1997a). An error matrix or
contingency table is the most popular means of depicting accuracy assessment informa-
tion  (Congalton,  1991;  Congalton  and  Green  1998;  Lewis  and  Brown  2001;  Foody
2002) .Error matrix presents a comprehensive assessment of the agreement between the
sample reference data and classification data at specific locations, in addition to a com-
plete description of the misclassifications recorded for each category.  A number of de-
scriptive and analytical statistical techniques based on the error matrix have been formu-
lated (Lark, 1995; Stehman, 1997a). The most frequently used indices are the overall ac-
curacy, user’s and producer’s accuracy, and various forms of kappa coefficients of agree-
ment. 

Smits et al. (2000) broadly classified accuracy assessment methods into four categories
i.e. (a) based on confusion matrices, (b) fuzzy techniques, (c) receiver operating character-
istics (d) other techniques. Confusion matrix based techniques allow both descriptive and
analytical analysis and are based on confusion matrices (Congaltion, 1991; Smit et al.,
2000). Fuzzy techniques for quality assessment use the fuzzy set theory in the accuracy
assessment of thematic maps (Gopal & Woodcock, 1994).  Receiver operation character-
istic  (ROC) methods are based on the calculation of  the misdetection and false-alarm
probabilities under different realizations and strengths of noise, added to two synthetic im-
ages differing only in the presence of a target( Smit et al., 2000). Other techniques are
based on variance relationships among certain count estimators (More et al., 1976;Rosen-
field, 1981; Aronoff, 1982; Smit et al., 2000) .
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Table 6: Measures of accuracy

No. Measure Formula  Reference
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9 Combined accuracy from
producer’s perspective
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39 Producer’s risk and user’s
risk

Aronoff (1982a)

40 Pseudo-Bayesian
estimates in multivariate
analysis

Maxim and
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41 Relative Errors of Area
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 in an error matrix.

Shao et al.
(2003)

42 Individual classification
success index

ICSIi= uai+pai-1 Koukoulas and
Blackburn
(2001), Turk
(2002)

43 Ground truth index GTi=(p ii-R)/(1-Ri)  where  Ri is  lucky

guesses (chance agreement), which can be

calculated using Turk’s (1979) algorithm.

Turk (1979),
Rosenfield and
Fitzpatrick-Lins
(1986) and
Finn(1993).

44 Category-level
normalized accuracy

cmmai (Normalizing  error  matrix  by

forcing  the  marginal  total  of  individual

category to 1).

Congalton(1991)

A comparison of selected accuracy assessment methods is shown below.

Table 7: An overview of selected classification assessment methods

Accuracy measure Overall  ac- Class  accur- Classifier References
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curacy acy comparison

Variance techniques √ √ − Rosenfield(1981)

Producer’s  risk  and
user’s risk

√ √ − Aronoff(1982a)

Pseudo-Bayesian  es-
timates in multi-variate
analysis

√ √ − Maxim  and  Harring-
ton (1983)

Confusion matrices √ √ − Congalton(1991)

Multivariate  composite
estimator

√ − − Czaplewski(1992),

Zhu et al. (1996)

Fuzzy analysis √ √ √ Gopal  and  Wood-
cock(1994),  Wood-
cock(1996)

Operating characterist-
ics

− √ − Kanungo et al.(1995)

Tau coefficient √ √ √ Ma  and  Redmond
(1995a)

Tukey analysis √ √ √ Zhuang et al.(1995)

Bayesian  estimates  of
map accuracy

√ √ − Richards(1996)

Confusion  matrices,
RS  system  evaluation
estimated  absolute
cost of error.

√ √ √

5.8  The Error Matrix

The  relationship  between  validated  field  samples  and  the  classification  information  is
commonly  summarized  in  an  error  matrix  also  known  as  the  contingency  table  or
confusion matrix (Jensen, 2005). Table 8 shows a typical error matrix.  

An  error  matrix  is  a  table  that  displays  statistics  for  assessing  image  classification
accuracy  by  showing  the  degree  of  misclassification  among  classes.  It  describes
classification accuracy and characterizes errors which helps refine the classification. The
matrix depicts the land cover classification category versus the field-observed land cover
type. The diagonal cells indicate correct observations, meaning that the observations were
classified correctly according to the field observations. Any observation off the diagonal
indicates a misclassified accuracy control point (Jensen, 2005).
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Table 8. Typical Error Matrix (Adapted from Jensen, 2005)

The above error matrix is used to assess the remote sensing classification accuracy of k
classes. The central part of the error matrix is a square array of numbers k x k in size. The
columns of  the matrix  represent the ground reference test  information,  while  the rows
correspond to the classification generated from the analysis of remotely sensed data.  The
intersection of the rows and columns summarize the number of sample units assigned to a
particular class relative to the actual class as verified in the field. The total number of
samples examined is N.

The diagonal of the matrix (e.g., 1,1x , 2,2x )  summarizes those pixels that were assigned
to the correct class.  Every error in the remote sensing classification relative to ground
reference information is summarised in the off-diagonal cells of the matrix (e.g., 2,1x , 1,2x ,

3,2x ). Each error is both an omission from the correct category and a commission to a
wrong category. The column and row totals around the margin of the matrix (referred to as
marginals) are used to compute errors of inclusion (commission errors) and errors of ex-
clusion (omission errors). The outer row and column totals are used to compute producer’s
and user’s accuracy (Jensen, 2005).

The overall accuracy is the percentage of correctly classified pixels. It gives an overall
probability that pixels on the image have been classified properly. The overall accuracy of

CHAPTER 5: ACCURACY STANDARDS

               Ground Reference Test Information

Remote

Sensing

Classificatio

n

Class 1 2 3 k Row

Totals

User’s

Accuracy

1 1,1x 2,1x 3,1x kx ,1 +1x 1,1x /

+1x

2 1,2x 2,2x 3,2x kx ,2 +2x 2,2x /

+2x

3 1,3x 2,3x 3,3x kx ,3 +3x 3,3x /

+3x

k 1,kx 2,kx 2,kx kkx , +kx kkx , /

+kx

Column

Total

1+x 2+x 3+x kx+ N

Producer’

s

Accuracy

1,1x /

1+x

2,2x /

2+x

3,3x /

3+x

kkx , /

kx+

Overall

Accuracy N

nalMajorDiago∑



CD:NGI Land Cover Field Guide 100

the  classification  is  calculated  by  dividing  the  total  correct  pixels  (sum  of  the  major
diagonal) by the total number of pixels in the error matrix (N). The collective accuracy of
the map (i.e. for all habitats) can be described using either  overall accuracy, the Kappa
coefficient (Congalton, 1991).

Producer's Accuracy is a measure of how accurately the analyst classified the image data
by category (columns). The producer's accuracy details the errors of omission. An error of
omission results when a pixel is incorrectly classified into another category. The pixel is
omitted from its correct class. The producer’s accuracy (omission error) is calculated by
dividing the total number of correct pixels in a class by the total number of correct pixels of
that category as derived from the reference data (i.e., the column total), (Congalton, 1991).

User's Accuracy is a measure of how well the classification performed in the field by cat-
egory (rows). The user's accuracy details errors of commission. An error of commission
results when a pixel is committed to an incorrect class. The user’s accuracy (commission
error) is calculated by dividing the total number of correct pixels in a class by the total
number of pixels that were actually classified in that class (Congalton, 1991).

Kappa Coefficient is a discrete multivariate technique to interpret the results of a contin-
gency matrix. The Kappa statistic incorporates the off diagonal observations of the rows
and columns as well as the diagonal to give a more robust assessment of accuracy than
overall accuracy measures. The Kappa statistic is computed as the summation of the diag-
onal multiplied by the summation of each row multiplied by the summation of each column
divided by the summation of each row multiplied by thesummation of each column. It is a
statistical measure of the agreement, beyond chance, between two maps (e.g. output map
of classification and ground-truthed map), (Congalton, 1991).

       (54)

• Observed accuracy determined by diagonal in error matrix

• Chance agreement incorporates off-diagonal

     Sum of [Product of row and column totals for each class]

5.9 Accuracy assessment methods based on fuzzy sets theory

Accuracy  assessment  methods  dependent  on  fuzzy  sets  permit  consideration  of  the
source nature, frequency and magnitude of errors arising in the ambiguity of thematic map
classes (Gopal & Woodcock, 1994; Woodcock & Gopal, 2000). The need for using fuzzy
sets arises from the observation that all map locations do not fit unambiguously in a single
map category. Such a situation frequently arises in thematic maps of land cover, vegeta-
tion or soil classes, where the map classes represent a continuum of variation in the land-
scape. Fuzzy sets allow for varying levels of set membership for multiple map categories.
Fuzzy sets provide a quantitative approach for dealing with vagueness in complex sys-
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tems. Conventional measures of accuracy assessment are designed for application with
the results from `hard’ classification and are not suitable for fuzzy classification (Gopal &
Woodcock, 1994; Woodcock & Gopal, 2000). There is a need to accommodate fuzziness
in the ground truth data and accuracy assessment. Thus, while there is usually a best map
category for each site, there are clearly some categories that are more wrong than others
(Gopal & Woodcock, 1994; Woodcock & Gopal, 2000) It is more useful to assess the ac-
curacy of a test data set based on expert information but gives less information than the
kappa statistics since it provides information on confusion between classes in the refer-
ence set and not those in the whole data set (Smit et al., 2000).

 

Gopal & Woodcock (1994) proposed the use of linguistic measurement scale that acts a
standard  reflection  of  common remarks  made during map evaluation  to  be  applied to
quantity map accuracy. The proposed scales are shown below.

Table 9: Linguistic Scale or Fuzzy Value Used In Expert Evaluation Of Land Cover At Each Sample Site (Gopal &
Woodcock, 1994)

Value     Description

1 Absolutely wrong (Very Wrong): This answer is absolutely unacceptable.

2 Understandable  but  wrong  (Not  Right):  Not  a  good  answer.  There  is  something
about the site that makes the answer understandable, but there is clearly a better
answer. This answer would pose a problem to users of the map.

3 Reasonable or acceptable answer (Right): Maybe not the best possible answer but it
is acceptable; this answer does pose a problem to the user.

4 Good answer (Very Right): Would be happy to find this answer given on the map

5 Absolutely right (Perfect): No doubt about the match

5.10 Accuracy assessment measurement for object based image segmentation.

The advert  object  oriented  segmentation  and  classification  warrants  a  brief  review of
accuracy assessment measurements for object based image segmentation. Clinton et al.
(2008) points out that the evaluation of segmentation relative to a training set is simply a
quantitative  measure of  the  goodness of  polygon matching.   This  procedure does not
necessarily result in a good classification in cases where a classification of primitives are
used as a prerequisite for the ultimate assembly of objects( Pichel et al. 2006) cited by
Clinton et  al.  (2008).   To measure the quality  of  segmentation Levine & Nazif  (1982)
proposed the use of the Ideal Segmentation Index shown below.

22( ntationUnderSegmetationOverSegmenD +=        (55)

D should be considered as the “closeness” in the space defined above to an ideal seg-
mentation result, in the context of a pre-defined training set.
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5.11 Positional accuracy

Positional accuracy is defined as the “degree of compliance with which the coordinates of
points determined from a map agree with the coordinates determined by survey or other
independent means accepted as accurate” (ASPRS & ASCE, 1994). In remote sensing
positional accuracy refers to the accuracy of a geometrically rectified image. Rectification
includes registration to a reference coordinate system together with a re sampling proced-
ure where in this context the term georeferencing and geocoding are used (Irish, 1990). All
locations on maps and georeferenced images are expressed by a set of values: x- and y-
coordinates  for  horizontal  location.  Most  datasets  also  include  elevations,  which  are
represented by the letter z. A standard method of assessing the positional accuracy of car-
tographic  products  is  based on comparison of  deviations between homologous control
points that can be accurately located on both the reference map and the geometrically cor-
rected image. Statistics computed from the deviations at  these homologous points are
used to perform specific tests to evaluate the accuracy of the geometric corrected image.
An alternative  approach to  assess the positional  accuracy  of  cartographic  products  is
based on the use of geometric features (Galo, Poz, and Ferreira, 2001).

NMAS standard states that no more than 10% of the samples may exceed the maximum
error allowed.

For horizontal accuracy, no more than 10% of the points tested may be in error by more
than 1/30th of an inch (at map scale) for maps larger than 1:20 000 scale, or by more than
1/50th of an inch for maps of 1:20 000 scale or smaller.

For vertical accuracy, not more than 10% of the elevation tested may be in error by more
than one half the contour interval.

Positional accuracy assessment requires that appropriate selection of samples to estimate
that statistical parameters of the population of errors occurring in the spatial data being
assessed.  Parameters  such  as  the  mean,  standard  deviation  and  standard  error
characterize the distribution of the population of errors and the reliability if estimators. In
positional accuracy, the mean is the expected error, which is usually estimated by the root-
mean-square error, or RMSE. 

Estimating positional error parameters required the comparison of coordinates and/or elev-
ations of identical sample locations from:

1.The spatial data set to be assessed (map or imagery) and

2.The reference data, which must be an “independent source of higher accuracy” (FGDC,
1998) .

The RMS error in the x and y-direction is calculated as 
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Where δ xi  and δ yi   are the residual of the thi  GCP and n= the number of GCPs for x and y co-
ordinates respectively.

xRMS  and yRMS  can be combined to yield one planimetric RMS error ( xyRMS ).

        [ ] 2/122
Yxxy RMSRMSRMS +=             (58)

Standard deviation could be used to estimate accuracy more effectively.
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If a large number of GCPs are used, then the RMS error and standard deviation will converge.
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APPENDIX I: SOUTH AFRICAN FULL LCCS CLASSIFICATION LEGEND
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V
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III
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VII
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VI
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X
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Natural and Semi-Natural 
Terrestrial Primary 

Vegetated Area
1. Natural and semi – natural 

vegetation

Woody

Trees

Closed > 65%

3 – 30m
Indigenous Forest

Open 40 – 65%
Woodland
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 Wooded 
Grassland

Shrubs

Closed >65%

0.3 – 5m

Continuous
Thicket, Bushland

Open 15 – 65%
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Fragmented
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Herbaceous 
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 Grassland
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Natural and Semi-
Natural Vegitation

Woody Herbaceous 
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Trees
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Flooded more
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Flooded <4 & >2
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APPENDIX II: Thematic Class Attributes

CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

1
Natural and Semi-Natural terrestrial primary vegetated
area   

 woody cover density  MODIS CSIR/MERAKA/NRE
 tree cover density  MODIS CSIR/MERAKA/NRE
 dominant woody cover height  CSIR/SAC  CDSM
 vegetation structure  TSX PALSAR CSIR/SAC
 graminoid cover density  CSIR/MERAKA, NRE, ARC, DOA
 non-graminoid cover density  CSIR/MERAKA, NRE, ARC, DOA
 vegetation cover density  CSIR/MERAKA, NRE, ARC, DOA
 degree of alien infestation  ARC, DET, SANBI
 vegetation age  CSIR/SAC
 ecological pristineness  DEaT, SANBI
 vegmap classes  SANBI
 conservation rating  DEaT, SANBI

 type   
 

 
CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

2
Natural or semi-natural Aquatic or regularly flooded
vegetated areas  CSIR/SAC

 wetland type swamp forest DEaT, SANBI, DWAF
  mangrove forest DEaT, SANBI, DWAF
  floodplain forest DEaT, SANBI, DWAF
 dominant genus  DEaT, SANBI, DWAF
 graminoids / non-graminoids  DEaT, SANBI, DWAF
 rooted / floating  DEaT, SANBI, DWAF
 flooding duration  CSIR/SAC
 salinity  DWAF

 vegetation height  CSIR/SAC CDSM
 

 
CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

3
Cultivated and Managed terrestrial primary vegetated
areas   

 life form  DoA
 field size  CSIR/SAC
 vegetation age  CSIR/SAC
 irrigation  CSIR/SAC, DoA, NRE
 crop use type food DoA, DWAF, Industry
  fodder  
  industrial  
  pulp  
  paper  
 genus  DoA, ARC, Rapid Eye
 vitality  DoA, ARC, Rapid Eye
 biomass (crop stats)  DoA, ARC, Rapid Eye
 species mixture (spatial / temporal)  DoA, ARC, Rapid Eye
 crop salvage value / ha  DoA, ARC 
    

3.7 Urban Vegetated Areas  CSIR/SAC, Municipalities
 land use parks  
  parklands  
  golf lawns  
  lawns  
  sport fields  

  wastelands  

CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

4 Cultivated aquatic or regularly flooded vegetated areas  DoA
 genus waterblommetjie  

  madumbe  

Appendix 2: Thematic Class Attributes
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CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

5 Natural, Terrestrial Non-Vegetated bare areas  CSIR/SAC
    

5.1 Consolidated bare rock and fragments  CSIR/SAC
 tidal exposition intertidal  
  super tidal  
  inland  
    

5.2 Consolidated Hardpans  DoA 
 type arid salt pans  
  calcrete pans  
  ferric pans  
    

5.3 Consolidated Cuttings  CSIR/SAC
 type river embankments  
  land slide embankments  
  road cuttings  
    

5.4 Unconsolidated bare soil  DoA
 land use fallow land  
  feedlots  
  commercial grazing  
  subsistence grazing  
  natural bare  
    
 erosion type water gully  
  water rill  
  water sheet  
  wind  
  mass movement (land slide)  
  none (natural)  
 fragment size   
    

5.5 Loose and shifting sands  CSIR/SAC
 type beaches  
  coastal dunes  

  inland dunes  

CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

6
Artificial, terrestrial Primarily non vegetated
area   

    
6.1 Built-up linear feature  CDSM CSIR/SAC, municipalities

 linear feature type runway and landing strip  
  roads  
  railways  
  power lines  
  pipelines  
  other  
 material   
 ownership   
 maintenance   
    

6.2 Built-up Industrial and other areas   
 industry type primary  
  secondary  
  tertiary  
  wholesale commercial  
  public trade  
  informal industry  
    

6.3 Built-up urban / residential areas   
 density high  
  medium  
  low  
  scattered  
 building height <5m  
  5-20m  
  >20m  
 setting urban  
  rural  
 structure structured  
  unstructured  
 census information  STATS SA
 household income   
 heads per household   

Appendix 2: Thematic Class Attributes
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CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE
6.4 Built-up Object   

 object type Transport Facilities Department of Roads and Transport
  bus-stations and taxi ranks  
  train station  
  car parks  
  truck depots  
  toll gate  
  weigh bridge  
  airport  
  aerodrome and heliports  
  bridges  
  tunnels  
  fuel stations and repair workshops  

  
port structures including docks, shipyards and
locks  

  Service Institutions Department of Works
  health  
  police  
  post office  
  prison  
  military facilities  
  schools  
  universities and other tertiary education  
  Water related Infrastructure Department of Works
  dam wall  
  sewage treatment plant  
  water treatment facilities  
  covered reservoirs  
  Agricultural Infrastructure DoA
  animal breeding  
  agricultural processing  
  greenhouse  
  farm buildings  
  silos  
  Cultural Infrastructure Department of Arts and Culture
  cemeteries  
  religious sites  
  historical heritage site  
  cultural entertainment and recreation area  
  sports and leisure facilities  
  urban playgrounds  
  Primary Industry Department of Trade and Industry
  power generation plants  
  heavy industry ore processing  
  heavy industry coal processing  
  heavy chemical industry  
  sawmills, pulp and paper processing  
  Secondary Industry Department of Trade and Industry
  factories (light industry)  
  Commerce Infrastructure Department of Trade and Industry
  commercial warehousing, wholesaling, retailing  
  banks, service industry  
  shopping malls  

    
CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

6.5 Non-Built-up artificial bare area   
 type Deposits Department of Trade and Industry
  industrial stock piles  
  mine dumps and slimes dams Department of Mineral and Energy
  waste dumps  
  Removed Ground Cover  
  construction sites  
  Extraction sites Department of Mineral and Energy
  quarries  
  open cast mines  

 material or mineral  Department of Mineral and Energy
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CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

7
Natural non-vegetated aquatic or regularly flooded
water bodies  CSIR/SAC DWAF

 salinity   
 eutrophication   
 depth   
 volume   
 sedimentation   
 water quality   
 flooding duration   

 type   

CODE CLASS / ATTRIBUTE PRIMARY TYPE INFORMATION SOURCE

8
Artificial Non-Vegetated aquatic or regularly flooded
water bodies   

 volume   
 water cycle period   
 type   
  small farm dams DWAF / DoA
  storage dams DWAF  
  water basins DWAF / DoA
  salt pans (salt production) DTI
  aquaculture ponds DoA
  harbour waters DTI
  irrigation canals DoA

  transport canals DTI
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APPENDIX III: Customised Features

Name Formula Applications

Pan_BF PAN

Border Frame

-Disaggregates flat surfaces (low values)
-Distinguishes between dense tree stands
and less dense tree stands (higher values)

Ratio Red R

GRNIRSWIRPAN

-Distinguished between flat surfaces and
forest and natural forest (low) and
plantations (higher)
-Clouds appear as high values
-Settlements appear as high values

Ratio SWIR SWIR

GRNIRSWIRPAN

-cloud shadows appear dark (low values)
-pasture land appears light (high values)
-water and roads appear dark (low values)

Normalized
StdDev Red

StdDevR

 Area

-bright areas are settlements and roads
(occasional)
-small defined plots appear bright

Zabut G�R 
2R�NIR

2R�NIR 
2 -natural forests appear lighter

-roads appear dark

NDVI ρ
NIR

�ρ
R

ρ
NIR

ρ
R

-Clouds and water appear dark (low
values)
-bare soils appear dark
-natural forest appears light

Normalized
StdDev Pan

StdDevPAN

 Area

-built-up and roads appear bright

Normalized
StdDev NIR

StdDevNIR

 Area

-settlement areas appear mixed dark and
bright
-roads are differentiated as bright 

Normalized
StdDev SWIR

StdDev SWIR

 Area

-areas with low differentiation appear dark
i.e open fields etc
-mixed areas appear bright

Weighted
Brightness (SPOT)

BGRNIRSWIRPAN

5

-dense forest stands appear dark
-open spaces (vegetation) appear light
-Roads appear bright

SDVI ρSWIR�ρNIR

ρSWIRρNIR

-dark patches represent natural forest areas
-light areas are bare soil /open ground
-more dense forest stands appear lighter but
difficult to differentiate between natural
forest
-open ground appears light
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APPENDIX IV: Rule set Documentation

STELLENBOSCH 3318DD PRELIMINARY CLASSIFICATION

Segmentation Parameters: 

SPOT 5 AND LANDSAT 5

Algorithm:  Multi resolution Segmentation

Layer weights:  S5_Pan =1

                         S5_Frame = 1

Scale Parameter = 30

Shape = 0.2

Compactness = 0.3

Aerial Photography

Algorithm:  Multi resolution Segmentation

Layer weights:  AP_RED = 2

                         AP_Border = 1

scale parameter = 15 

Shape factor = 0.3  

Compactness factor = 0.5

Benefits of Segmentation Parameters:

The most basic segmentation parameters were selected to get the objects as small as
possible.  Objects will be merged into bigger ones if necessary.  These parameters were
used throughout the project and the ‘Merge region’ algorithm was used to grow objects
into bigger ones.

Summary of the classes for the Stellenbosch area

Appendix 4: Rule set documentation
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Class Scale Layers Used Benefits of using layers

Water 30 S5_NDWI, S5_SWIR, S5_EVI Highlights water, industrial areas and
shadows

30 L5_NDVI, S5_Border, S5_Frame,
Slope

Eliminates shadows and unwanted areas

15 AP_ARVI Extracts dark features such as water

15 AP_Histex Separates industrial areas from water

Roads 15 AP_ARVI Extracts dark features such as water, roads
and industrial areas

15 Density Low density separates roads from industrial
areas and dams 

Vineyards and
Orchards

15 AP_NDWI Low values highlights vegetation 

15 Density Low dense vegetation is separated from
dense vegetation 

Forest 30 S5_Std_Dev_Red Highlights vegetation

30 S5_NDMI Highlights vegetation with high moisture
content

30 S5_Brightness Extracts dark, dense vegetation such as
forests

30 L5_Built_Up distinguishes forests from other vegetation

15 AP_NDVI Extracts vegetation

15 AP_PCA1 Separates  forests  plantations  from  other
vegetation

Built-up 30 S5_Sobel filter, S5_Ratio_Green Highlights bright objects such as rooftops
and bare areas 

30 cadastral vector layer Separates built-up areas and bare areas

30 Border to feature Adds bright objects to adjacent to built-up
objects (new developments) 

Industrial 15 AP_ARVI Extracts dark features such as water

15 AP_Histex Separates industrial areas from water

15 Density Low density separates roads from industrial
areas and dams 

15 S5_Ratio_Green Highlights bright objects such as rooftops

15 Feature: Area>2000 Classifies bigger built-up objects

Bare areas 15 AP_Ratio_Red Distinguishes between flat surfaces and
forest and natural forest (low) and

15 S5_PCA1 Clearly highlights bare areas
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Illustration 118: The ARVI customized feature
illustrates that roads, industrial areas and water appear
dark.

Appendix 4: Rule set documentation

Illustration 115: Segmentation based on SPOT 5 and
Landsat 5

Illustration 116: Segmentation based on Aerial
photography

Illustration 117: A number of dams in an agricultural
district.
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Illustration 119: Classification of how roads was
extracted from aerial photography.

Illustration 120: Classification of low density features
such as vineyards and orchards.

Illustration 121: Forest plantation on SPOT 5 image Illustration 122: Classified forest plantation (yellow)
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Illustration 123: Stellenbosch on SPOT 5 image Illustration 124: Classification result of the Built-up
areas using SPOT 5 and Landsat 5.

Illustration 125: SPOT 5  and Landsat 5 classification
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Illustration 126: Aerial photography classification

Conclusion

The classification is very good and even individual buildings on farms outside the urban
areas were picked up.  Industrial areas are not separated from other buildings yet and
there is confusion between water and industrial areas.  Urban vegetated areas needs finer
segments and therefore aerial photography should be used.

Intermediate classes

A number of  intermediate classes were found of  which other classes will  be extracted
from.   This  includes  intermediate  classes  for  agriculture,  natural  vegetation,  industrial
areas and built-up areas.
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Accuracy assessment

User Class \ Sample _pre_Nat_Veg Built-up Water Forest _pre_AgricultureSum
_pre_Nat_Veg 26 0 2 13 1 42
Built-up 0 74 0 0 0 74
Water 0 2 39 0 1 42
Forest 7 0 0 43 0 50
_pre_Agriculture 17 9 0 0 101 127
unclassified 0 10 1 0 0 11
Sum 50 95 42 56 103

Producer 0.52 0.78 0.93 0.77 0.98
User 0.62 1 0.93 0.86 0.8
Hellden 0.57 0.88 0.93 0.81 0.88
Short 0.39 0.78 0.87 0.68 0.78
KIA Per Class 0.45 0.72 0.92 0.73 0.97
Overall Accuracy 0.82
KIA 0.77

An overall accuracy of 0.82 was achieved on the preliminary classification.  The ‘water’
and preliminary agriculture (‘_pre_Agriculture’) achieved Kappa indices of greater than 0.9,
whereas the other classes did not perform as good.  The ‘_pre_Nat_Veg’  class has a
Kappa  index  of  0.45,  but  most  confusion  exists  with  the  ‘_pre_Agriculture’  class  and
‘forest’.
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CAPE TOWN 3318CD

PRELIMINARY CLASSIFICATION

Imagery

Landsat 5 (Quac corrected 16-bit signed) Blue, Green, Red, NIR, SWIR16 and SWIR24
bands.

SPOT5 PAN (8bit DN) 2.5m re sampled panchromatic band.

SPOT5 MSS pan-sharpened (Quac corrected 16-bit signed) Green (G) , Red (R), Near-in-
frared (NIR)  and SWIR16.

Aerial photography Blue, Green, Red and NIR

Segmentation Parameters:

Landsat 5:

Algorithm: Multi-spectral segmentation

Scale: 5; Shape: 0.1; Compactness: 0.5

            Layer weights:  G(1),  SWIR16(1)

SPOT 5:

Algorithm: Multi-spectral segmentation

Scale: 100; Shape: 0.1; Compactness: 0.5

Layer weights: G(1), R(1), NIR(1), SWIR16(1), PAN_Border(1), PAN_Frame(1)

Aerial photographs:

Algorithm: Multi-spectral segmentation

Scale: 500; Shape: 0.1; Compactness: 0.5

Layer weights:  B(1), G(1), R(1), NIR(1)

Benefits of Segmentation Parameters:

SPOT 5: Scale parameter was ideal for extracting urban units and bare patches.

Aerial photos:

Scale parameter of 500 was ideal for delineating agricultural fields.

Accuracy Assessment: Total Kappa. 0.834

Limitations: Cultivated field have tillage line which closely resemble gravel roads
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Suggested solution: Unclassified need to be classified using relations to neighbours such
as  relations to border.

Appendix 4: Rule set documentation



CD:NGI Land Cover Field Guide 

xvi

Summary of features used for classification of Cape Town super site

Class Scale Features/Layers Used Benefits of using layers

Water
Urban
areas

5 Landsat 5 MNDWI Highlights water from land
High values: water
Low values:l and

100 Spot5_PAN_3x3_StdDev_filter Urban areas and bare patches from water

Agricultural
fields

500 AP Rectangular fit Find rectangular fields

AP Elliptic fit Find fields with less rectangular shapes

AP_NDVI High values: vegetated fields
Low values: bare or fallow fields

Urban
areas

100 Spot5_PAN_3x3_StdDev_filter Urban areas and bare patches

Bare areas 100 Spot5_PAN_3x3_StdDev_filter Urban areas and bare patches from water

50 Landsat  5  Brightness  rel  area  to

water

Separate beach sand from other bare areas

Vegetation 50 Landsat 5 NDVI High values: vegetation
Low values: bare areas and water

100 SPOT5 NDVI High values: vegetation
Low values: bare areas and water

Roads 5 AP_Compactness Highlights linear features
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Classification:
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Illustration 130: Classification of water, urban,
vegetation

Appendix 4: Rule set documentation

Illustration 127: Segmentation of Aerial photographs for
agricultural fields

Illustration 128: Classification of agricultural fields

Illustration 129: SPOT 5 panchromatic 3x3 standard
deviation filter for urban fabric
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Illustration 131: Classification of bare areas Illustration 132: Classification of bare areas and beach
sand

I
llustration 133: Classification of vegetated areas using
high and low NDVI values

I
llustration 134: Compactness feature which highlights
roads and other linear features
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CAPE TOWN 3318CD

URBAN FABRIC PRELIMINARY CLASSIFICATION

Summary of the classes for the Cape Town area, and which layers and/or features
that were used to determine those classes.

Class Scale Layers used Benefits of using layers

Urban Fabric 100 AP_PSA1,  PCA1_Border,
PCA1_Frame  

Highlights smooth areas such as fal-
low land

NDVI Highlights urban vegetation, shadow

normalised Std Dev PCA1 Highlights fallow land

normalised StdDev Red Highlights vegetation

normalised Std Dev NIR Highlights vegetation

Ratio Blue Highlights shadows

Ratio Red Highlights vegetation

DSM (digital surface model) Use height to classify features such
as buildings and trees

Cadastral 20-100 Cadastral vector layers Delimits  large areas,  cadastral  and
within cadastral features

Roads 100 Roads vector layer Classify roads

Benefits of selected Layers:

The user will have to define how the cadastral units will be classified and what road dens-
ity will be used in the classification.  At the most basic level of image objects, a separation
can be made in vegetation, textured vegetation (trees and bush), strong textural edges
from buildings and smooth faces related to build up areas. Height plays an important role
to find the smooth areas and texture at higher elevations. With these basic statistics ca-
dastral units can be analysed for their amount of vegetation (gardens).  The classification
takes place at 3 levels of detail.
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Illustration 135: Segmented result using a scale
parameter of 100.

Illustration 136: Segmentation using a scale parameter
of 20
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Illustration 137: Classification result using a scale
parameter of 20.  Cadastral units are distinguished.

Illustration 138: Classification result using a scale
parameter of 20.  Buildings can be distinguished within
cadastral units.
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VEREENIGING 2627DB AND CENTURION 2528CC

PRELIMINARY CLASSIFICATION

Summary of the classes for the Vereeniging and Centurion area, and which layers
and/or features that were used to determine those classes.

Class Layers used Benefits of using layers

Urban-pervious SPOT 5_NDVI, Cadastral Classifies vegetation within cadastral
units. 

Urban-impervious Cadastral Classification of unvegatated areas within
cadastral units.

Vegetation SPOT5_NDVI, SPOT4_NDVI, NDVI is necessary to distinguish
vegetation from other classes.

Vegetation recurrence Indicates whether vegetation is present in

multi-temporal layers  based on NDVI.

Only the cadastral vector layer was used to segment and classify urban areas.  The ‘Urb-
an’ class was subdivided into ‘urban-pervious’ and ‘urban-impervious’.  The ‘urban-pervi-
ous’ layer are objects within cadastral units with vegetation cover on at least one image,
whereas the ‘urban-impervious’ class are cadastral units with no vegetation cover at all.
This class is a good method to get urban-vegetated areas.  The cadastral layer is not as
recent  as the satellite  images and therefore,  newer  developments were  not  classified.
Small holdings and informal settlements were not classified either.

Classification was based on NDVI values and vegetation recurrence.  The vegetation re-
currence layer is a layer which indicates whether vegetation is present in any of the layers,
based on NDVI.  The vegetation class was further subdivided into perennial and non-per-
ennial vegetation.  Areas with vegetation present in 80% or more of the acquisition times
are classified as perennial, whereas areas vegetation present in more than 20% and less
than 80% of the acquisition times are classified as non-perennial.  Only riparian vegetation
or vegetation with high NDVI values were classified as perennial.  Other perennial vegeta-
tion such as shrubs were misclassified.  
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Illustration 139: SPOT 5 image of Centurion Illustration 140: Classified result using SPOT 5 and the
cadastral vector layer
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KRUGER NATIONAL PARK 2431CC, 2431CD, 2531AA and 2531AB

 PRELIMINARY CLASSIFICATION

Imagery

The imagery used for the Kruger National Park and surrounding areas include Landsat 5
and SPOT 5 single date and multi-date imagery, and colour aerial photography for the
2431CC and 2431CD sites only (aerial photography was not available for the 2531 sites).
Image layers used  for classification and the creation of derived products include:

Landsat  5  (Quac  corrected  16-bit  signed)  Blue,  Green,  Red,  NIR,  SWIR16  and
SWIR24 bands.

SPOT5 PAN (8bit DN) 2.5m re sampled panchromatic band.

SPOT5 MSS pan-sharpened (Quac corrected 16-bit  signed)  Green  (G)  ,  Red (R),
Near-infrared (NIR)  and SWIR16.

Aerial photography Blue, Green, Red and NIR

Layer products produced for classification include: 

Vegetation Indices: Band 1 =  NDVI, 2 = NDSVI, 3 = Built, 4 = SAVI, 5 = EVI2

Water Indices: Band 1 = NDWI, 2 = MNDWI, 3 = NDMI

Principle Component Analysis: Band 1 = PCA1, 2 = PCA2, 3 = PCA3

Edge detection for PAN using Sigma Filter: Band 1 = Border, 2 = Frame

Histogram texture: Mean, Standard Deviation and  Normalised Coefficient of Variation for 
3x3, 11x11 and 19x19 windows

GLCM Texture for PAN, R and NIR: Homogeneity, Contrast, Dissimilarity, Mean, Standard
Deviation, Entropy, Angle 2nd Moment and Correlation for 3x3, 5x5 and 7x7 
windows

Landsat 5 and SPOT 5 time series metrics (5 and 4 date respectively): NDVI, EVI2, 

MNDWI and NDMI

Segmentation Parameters:

Landsat 5:

Algorithm: Multi-spectral segmentation

Scale: 250, 350 and 500; Shape: 2; Compactness: 5

            Layer weights: B(1), G(1), R(1), NIR(1), SWIR16(1), SWIR24(1)

SPOT 5:

Algorithm: Multi-spectral segmentation

Appendix 4: Rule set documentation



CD:NGI Land Cover Field Guide 

xxvii

Scale: 75, 150 and 500; Shape: 2; Compactness: 5

Layer weights: G(1), R(1), NIR(1), SWIR16(1), PAN_Border(1), PAN_Frame(1)

Aerial photographs:

Algorithm: Multi-spectral segmentation

Scale: 15, 30; Shape: 3; Compactness: 5

Layer weights:  R(1), PAN_Border(1), PAN_Frame(1)

Benefits of Segmentation Parameters:

SPOT 5:  Scale 500 is used for segmentation of  large areas with buildings and roads.
Smaller scales do not create large areas which are then difficult to separate from highly
textured natural environments such as river beds.  Scale 150 is used for segmentation of
large water bodies, river channels and small dams.  Scale 150 is used for segmentation of
vegetation areas which show high or low greenness or productivity. Scale 75 is used for
segmentation of small, bare soil areas, rocks and sand banks along rivers. Scale 150 is
best for unsurfaced roads which are initially classified as bare areas.  For buildings a scale
of 30 can be used, but if aerial photographs are available, then the 50cm resolution will
provide a better result.

Appendix 4: Rule set documentation



CD:NGI Land Cover Field Guide 

xxviii

SPOT 5 Spectral, textural and time series features (4 images)

Class Scale Features/Layers Used Benefits of using layers

Water 150 S5_Ratio_Green (Distance = 41.33) Highlights water, shadow and factory roof tops

Mean S5_MNDWI (Distance = 54.05) Moisture from SWIR16 band and Green

Mean S5_NDMI (Distance = 56.05) Moisture from SWIR16 and NIR

Mean S5_HISTEX_PAN_3x3_Mean Removes factory rooftops 

Mean S5_min_NDVI High value: vegetation (forest, orchard)
Low value: water, bare soil

Mean S5_max_pos_deltaNDVI High value: change from water to dry river bed or
vegetated reed beds

Built 500 Mean HISTEX PAN 3x3 nCoeffVar Highlights built-up area

Std dev HISTEX PAN 3x3 nCoeffVar Highlights built-up areas,  road infrastructure

Std dev PCA1 Highlights buil-up areas, road infrastructure

Mean S5_max_pos_deltaNDVI Low value: remained unchanged built-up area

Mean S5_stdev_NDVI Low values: homogeneous over time series
(vegetated or bare, built-up)

Vegetated 150 Mean S5_NDVI Vegetation index for vegetation vs bare soil or water
High value: vegetation
Low value: water, bare soil

Mean S5_NDMI Vegetation moisture index

Ratio_NIR Highlights vegetated cultivated forestry from natural
forests 

Mean S5_sum_NDVI_perday Total productivity measure per day
Low value: bare soil, water
High value:  forest, orchard, riverine trees

Mean S5_stdev_NDVI Low values: homogeneous over time series
(vegetated or bare)
High values: highly variable NDVI over time series
(crops, burn scars, seasonal phenology)

Mean S5_max_neg_deltaNDVI High values: remained unchanged veg or bare
Low values: burn scars, clear-felled forests

Mean S5_max_pos_deltaNDVI High value: change from water to dry river bed or
vegetated reed beds
Low value: remained unchanged (evergreen forests,
orchards,  or bare soil and dry river beds)

Bare 150 Ratio_Red High values: no-veg: bare soil, water, buildings,
roads

Mean PAN High values: no-veg excluding water

Std dev TEX Red Hom 7x7 Homogeneous bare areas, fields, rocks

Mean HISTEX PAN 19x19 Mean Homogeneous bare areas, fields, rocks

Mean S5_sum_NDVI_perday Total productivity measure per day
Low value: bare soil, water
High value:  forest, orchard, riverine trees

Mean S5_max_NDVI High value: vegetation 
Low value: water, bare soil
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Landsat 5 time series metrics (5 images)

Class Scale Features/ Layers Used Benefits of using layers

Water
from
terrestrial

250 Mean L5_min_MNDWI

(Distance = 17.19)

Low moisture over time series
High values: water, rocks
Low values: evergreen vegetation

Std dev L5_min_MNDWI

(Distance = 24.41)

Variation over time of high moisture
High values: Water
Low values: natural vegetation

Mean L5_mean_MNDWI

(Distance = 31.86)

High values: water, rocks
Low values: evergreen vegetation

Vegetation
from non-
vegetation
(excl
water)

250 Mean L5_max EVI

(Distance = 1.57)

High values: forests, orchards
Low values: Water, built-up

Mean  L5_max_NDTI
(Distance = 2.11)

High values: evergreen forests
Low values: water, built-up

Std dev L5_max_NDVI
(Distance = 2.52)

High values: bare soil, rocks, water edges
Low values: natural vegetation

Bare 250 Std dev L5_sum_NDVI_perday

(Distance = 0.19)

High values: bare soil, water edges, 
Low values: natural vegetation

Std dev L5_max_NDVI

(Distance = 034)

High values: bare soil, rocks
Low values: natural vegetation
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Landsat 5 texture (mid wet season image)
Class Scale Features/ Layers Used Benefits of using layers

Water
from
terrestrial

250 Mean L5_TEX_NIR_3x3_A2M

(Distance = 23.38)

Measure of homogeneity of NIR (vegetative
material)
High values: Water, vegetated areas
Low values: Built-up, vegetated areas

Std dev L5_HISTEX_NIR_CoeffVar

(Distance = 33.47)

Variation in NIR normalised by area
High values: Water (no NIR) and surrounding area

Mean L5_HISTEX_NIR_Mean
(Distance = 44.45)

Average texture of vegetation presence
High values: Built-up, bare soil, rocks
Low values: Water, forest

Vegetation
from non-
vegetation 

250 Mean L5_HISTEX_Red_Mean
(Distance = 5.62)

Highlights texture of photosynthetic activity
High values: Bare soil, built-up, rocks
Low values: Forests, orchards, water

Mean L5_TEX_Red_3x3_A2M
(Distance = 8.55)

Highlights homogeneity of photosynthesis
High values: smooth texture
Low values: rough texture

Std dev L5_HISTEX_Red_Mean
(Distance = 10.75)

Highlights variation in photosynthetic activity
High values: Built-up, bare, rocks
Low values: forests, savanna, 

Built-up
from all
other
classes

250 Std dev L5_HISTEX_NIR_CoeffVar

(Distance = 3.05)

Variance smooth to rough normalised by area
High values: water edge, rocks
Low values: built, savanna

Mean L5_TEX_Red_3x3_Mean
(Distance = 4.32)

Mean photosynthetic activity
High values: Built-up, bare soil, rocks
Low values: Forest, orchards

Mean L5_TEX_NIR_3x3_A2M

(Distance = 5.30)

Measure of homogeneity
High values: Smooth: water, vegetation (forest)
Low values: Rough: vegetation (savanna), built

Built-up
from bare

250 Std dev L5_HISTEX_Red_Mean

(Distance = 5.48)

Photosynthetic texture
High values: Smooth: water, vegetation (forest)
Low values: Rough: vegetation (savanna), built

Mean L5_TEX_Red_3x3_A2M

(Distance = 7.95)

Photosynthetic texture
High values: Smooth: water, vegetation (forest)
Low values: Rough: vegetation (savanna), built
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Effectiveness of the rule set:

The rule set for a SPOT 5 early dry season, together with the vegetation and water indice
metrics calculated over 2 seasons, was able to distinguish the basic land cover classes:
water, vegetation, bare and built-up areas.  The water class shows the  current state of
water present at the time of data acquisition.  The water index metrics includes areas are
used to differentiate between perennial and non-perennial rivers

Problems: Ratio of Green includes water, shadow and factory roof tops which need to be
removed by the other features.  Time series of water over 3 years is needed to determine
what water is permanent.  Difficulty in separating cultivated vegetation from natural vegeta-
tion using SPOT 5 imagery, but this can be rectified using aerial photographs and texture.
There is some confusion between built-up areas and some highly textured natural features
(rivers).  Edges may be unclear.  A combination of spectral, textural and time series data is
effective in classification.
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Illustration 141: Segmentation of SPOT 5 at a scale  of
500

Illustration 142: Classification of built-up areas (purple)
at Scale 500 
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Illustration 144: Classification of rivers and dams
(blue) at Scale 150

Illustration 145: Segmentation of SPOT 5 at a scale of
150

Illustration 146: Classification of high (dark green),
medium (light green) and low NDVI (brown) at Scale
150
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Illustration 143: Segmentation of SPOT 5 at a scale of
150
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Illustration 147: Segmentation of SPOT 5 at a scale of
75

Illustration 148: Classification of bare soils (brown)
and water (blue) at Scale 75

Illustration  149: Time series metrics showing evergreen
orchards  (yellow)  and  surrounding  natural  vegetation
(blue) where the green-up and senescence occur.

Illustration 150: A braided river showing areas where
flooding and dry river beds alternate over time (pink)
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Illustration 151: The “pink” water is where water was present over 3 year time interval and the “blue” objects are the
current water present in the latest data image.

Accuracy Assessment:
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