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ABSTRACT

Pans are unique as wetlands in that they are shallow endorheic basins which display

marked fluctuations in water depth and duration. They are significant sites of locai
ecological diversity and particularly, an essential habitat for aquatic avifauna. I o review
of pans as landscape featuzes, pan morpi;alogy , inttiation and propagation rmechanisms and
functioning as wetlands are discussed '

Uy

[_,_

The first step in bmldmg ar%\ mventory and classification of wedands is the-locati in of

sites. Satellite im-gery is idedlly suited to mapping broadlevel landcover and landu
this study Lardsat TM data an{l image processing techrigues are employed to lacagn pans

of differing sizes, morphology and vegetation structure in a pan-fiel in the Norﬂ'- West

province.

'With the Landsat TM data available for this stndy it was p- - " e to determine the logation

and type, the surface extent of pans, whether or not they contained vegetation and to what
extent across their surfaces, and whether they contained water. It was not possible with
the vintage of Landsat TM data used to determine the plant communities associated with
the pans from spectial signatures of the vegetation, :
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1 INTRODUCTION AND OBJECTIVES ; - //

Wi

The first step in building up an inventory and classification of watlands is the location of

sites. A techmque or combination of t‘.chmques which can facilitate ﬂus process and
'contribute to management in soﬂthem Africa accumtely, cost Pffecnvely, with the available

manpower needs to be detemnned and zmplemented Aetial photographs ate presently the

h“

pmnary tool for. operauonal wetland mapping m
wldely separated groups of investigators are attemptmg to iake advantagc of sate]illte

wentors programmes., Numerous,

repetmve wide-area coverage to meet the carrent needs for inventory and monitosing of

~ natural resources, inciuding wetlands.

Sateilite imagery is ideally suited to mapping broad levet land cover or landuse and was,
in terms of terrestrial monitoring, developed primarily for thik application. The type of |

clas;s that can i identified are directly dependent on the landscape in terms of size,
form, and vegetetion cover and the spectral and spatial resolution of the imagery, Current
Landsat- studies have provided many basic techniques for both manual and digital
interpretations, with a shifting emphasis from wetlend mapping to determination of
wetland hydroiogy and quantification of wetland functional values.

Remote sensing is defined as the technique of ¢ataining information about objects thmz;gh _.
analysis of data collected by specialised instrumentation not in physical contact wm ,_%_: .
objects of investigation, As such, remote senting can be regarded as reconnaismhe f_rom "

a distance, The present study is aimed at applying remote sensing methods and techmq‘uens
to the detection and quantification of pans as landscape features in the North West
province to obtain a refererice site in a semi-arid, anthropogenically inflienced landscape.

The type of remote sensing data used in this study is governed by financial constraints and
data aquisition availability, The hypwtﬁesis on witich this study is based is that Landsat
"M has the spectral and spatial resolutwn to detect changes in vegetation and open water
on a medium scalg. N

There existe an extensive literature on pans and related deposits (Harmse er al 199),
however, the fundamental reasons for the presence of pans in a particular iaﬁdscape have

R
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i
been poorly understood. Funﬁermol:é, geological focation, soil mineralisation and climatic
factors have a fundamertai bearing on the vegetation of pans. The following overview i
aitned at providing a basic background to pans as features in the South Afncanl,andscape _.
and enhancing the interpretatinq and understan_gﬁng of the I.and«;at TM data presented in |
. this study. ' . G Yo



2 PANS AS FEATURES OF THE SOUTH AFRICAN LMSCAPE-
(Fig 2 Map Pocket) ’ -
Shailow, basin-like depressions, either permanently or periodically inundated with water
are an important fandscape componen of large areas of southern Africa and many of the
world’s arid zpnes. | | |
Tyspical locations are the Texas High' Plaing of North America, v« éicm Australia, the
Pampas of Argentina, the Pantanal 0 ae Brazilian Mato Grosso {Klammer 1932), the
fringes of the Indus Plain in Pakistan (Shaw and Thomas 1989). Terminology ag/p}_’ied to
. ‘thesg closed depressions include sebkhas of North Africa (Alia 1959), playas and pfaya
lakes of North America and Australia (Copke and Warren 1973), piams in Zambia

(Williams 1982), pans in southern Africa. Shaw and Thomas (1989:185) give a broad

geomorphological definition of pans and piayas as:

“......arid zone basins of widely varying .si\;e ami multivariate w:gin which, althougi -

generally above the present groundwater rab\z‘e. are subject to ephemeral surface warer
inundation, though periodicity and extent of inundation-is  highly variable, Their basal and
marginal sediments often display evidence of evaporite accumulation, deflation and aeolian

]

accumuiation, andfor lacustrine aciiviry.......

Pans, in some areas can be extensive features such as those in the Lake Eyré basin in
South Australia, the Makgadigadi pans complex of Botswana and Htundu P'ain in Western
Zambia. More commonly, individual pans occupy a small area of the landscape ranging
from less than a hectare to a few hectares in extent but may oceur in large nutgberé such
as on the Southern High Plains of Texas and New Mexico, U.5.A., where there are over
25,000 playa lakes witk an average size of just over 6 hectares {Shaw and Thomas 1989),

Ir southerp Aftiea pans continue to be enigmatic ,f; 3 1 feature of the landscape They are
nspread but not ubiquitous and occur on & large variety of surfaces and in diverse
.matic conditions. Some pans are permanently inundated and others oceur as ephemeral
shaliow water bodies. The water in these pans may range from shallow fresh ground watty
13 to hypersaline brines, Patis are generally concentrated in Zreas which rwexvafn annual

3
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rainfall les: titan 350nwn and bave a meafu annual free surface evaporation loss of more
than 1000mm (Le Roux 1978; Goudie and .Thamas 1585), with nciable exception of those
in the Carolina-Ermelo area of the Eastern ™-nsvaal, of which the permanent Lake
Chrissic: 5 probably the best known. These pen;ﬁ'nial wakr bodies, recognised as pans,
extend into an area where the tiean annual rainfail is 2bcut 750mm. At the other end of
the continpum are the immense surface depressions of the Makgadigadi and Etosha i)'aus
 which oniy occasionally conzin water, and then cn very limited Harss of their wa!
present-day exent (Verhagen 1991). :

There are some major concentrations of pans in South Aﬁ,frica. In the vestern Free State
there 13 & pan-field which extends southwards from Kroi‘f‘mstad, Wesselbron, Boshof and
Dealzsville to the south of Kimberly, ‘With a pan density exceeding { per km* near
Bulifontein (Figure 2, map pocket). North of this belt is another pan-field in the Norgh
West Province and Northern Cape Province where pan densities reach 1 per 0.5 km’ are
reached along the axis from Vrvberg to Deiareyvills and Wolmaranstad (Shaw 1988). Two
other groups cceur in the Northern Cape Province: a belt to the south of the Orange River
between Kenhardt and Brandvlei and a belt rusming northwestwards froim Upingten aceoss
the Molopo Valley into Namibia to the east of Keetmarshoop (Goudie and Theias 1985)
and the and in the Hastern Transvaal, the Lake Chrissie panfield. |

2.1 Pan Morphology

Variability of pen mofphulogy seems fo be the norm but they do bave some common
features (Shaw and Thomas 1989):

Pans are features associated with aveas of low topograph’ relief,
They lack surface water outfiows (endorheic basins).

The basins are oceupied, normally, by ephemeral water bodies.
Pans generally ¥ ve fiat surfaces.

Hydrologically, pan evaporation exceeds inputs of water.

A

Pan surfaces are eitlier vegetation-free or characterised by distinctive, sometimes
*zoned” plant communities.



Pans and surface drainage tend to be riutually exclusive and Jaeger (1939) observed that
2 higher density of pans are often found on witersheds, in the early heginnings of surface
drainage. Most pans in South Africa are sited on bedrock or on thin atiluvium cover and
consist of depmssions in the undeslying rock strata and contain argiliaceous pan floor {,
deposits (Versier and van Deventer 1992), Towards the west of the country the pan floors
ate calcareous and the pan miarging ussally contain extensive calerete deposits which may |
be eroded into low oliffs. e the east of the conntry, with higher rainfall and greater
vegetation cover, calorore is muostly absent and bedrock outcrops often constitute the
maraing. The pans are genera'ly vegetr' =1 on the marging and sometimes, also the pan
floor, depending on the frequency and ;scrsistenéxe of standing water. As the pan tloor is
typically impervious, rainwater will remain standing in a pan, forming an ephemeral
surface water body. In arcas of shallow ground water the pan can reflect the regional
water table. |

In pian most pans are subcitcular, ofien with one side indented to give a kidney or ¢lam
shape. Elongated and linear pans are cosimon where topographic controls are apparent,
paﬂiculhrly in the presence of linear dunes s in Zimbabwe and the southwestern Kalabari
(Staw 1988). Beach ridges, common in the Makgadikadi-Okavange complex of contral
Botswana and fossil vaileys termed mokgacha in the Kalahari also strongly influence pan
shape. A characteristic of all pans, however is 2 flat basin floor within the depression, The
depression may be up to 30 metres below the surrounding tetrain with slope profiles
strongly influenced by duricrust development.

Although pans occupy ancient geomorphic sorfaces, it is not self-evident that soils,

duricrusts and unconsolidated sediments are related to these periods of planation (Scott
1988; "wott and Brink 1992). The accumulation of parent materials, and especially the
pedogenic processes operative in the pan environments, appear to be substantially younger

than these pianation episodes.

Verster ef af (1992) established broad » ationships between pan soils and environmental
factors. Soil type is dependent upon the degree of inundation, Gleying is regarded as the
predominant process, but decreases from high rainfall (Kastern Transvaal) to arid areas
where clay iltuviation resnlting in diagnostic cutanic subsoils becomes the prevalent

Ry B
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process. Furthermore, there is an abnormalty high accumulation of organic matter in the
topsoit of humid pan soils with a significant decrease in content towards the arid regions.
The climate regulates the ieaching of ions to such a degree that soils in the higher rainfail
areas display less calcareous features than those in arid areas. The increase in the
accumulation of salts on the surface, due to efflorescence, is also directly related to the
aridity factor. Pan soils contain more salts and extractable cations than their associated
valley-bottom equivalents because of the closed-system (endorheic) conditions operating
in pan environments. These soils are derived from parent materials accumulated from
fiuvial, aeolian and colluvial (high rainfall areas) processes. Apart from the wetter regions,
the contribution made by weathering of the parent rock is considered fo be limited. The
variability in texiures of the pan soils and unconsolidated sediments indicates a cyclic
denosition of pan sedinents,

A common land form associated with pans is 2 crescentic lunette dune feature o the
leeward side of pans. These arc common in the southern Kalahiri, Northern Cape
Province and North West Province and are generally absent from the pan fields of
Zimbabwe and Zambia (Goudie and Thomas 1985). The dunes may reach up to 60 metres
above the pan floor, although relief in the range 10-20 meter is more cominon. Inner and
outer dunes may occur with different sediment characteristics and triple dunes also ocenr
such as at Koes Pan in Namibia (Lancaster 1986). In this type of series the outer pan is
composed largely of sand with smaller clay dunes occurring closer to the pan where the
adjacent pans have clay and si* heds, suggesting that the pans confribufe little sediment
to the dunes at present. "

Many of the luneites, particulariy those associated with pans on the Ventersdorp Lavas in
the North West Provinice consist of single ridges, contain multiple layers of aeolian
sediments interspersed with calcrete Jayers. In fact, some lunettes such as Delareyville pan
and Hartsfontein Pan are composed largely of calcrete. Such calunertes appear to be
restricted to areas underlain by, or ¢lose to outcrops of Vemntersdorp lavas. These lavas
contain more calcium than do the Ecca seditnents for example, and this probably accounts
for their preferential development on this rock type (Goudie and Thomas 1983). The
orientation of lunettes suggests that they ave formed by deflation by prevailing winds
during periods of greater aridity as there is little evideace for current deflation {Lancaster



1978).

Pans in low rainfall regions form alkaline environmenis with a high level of chemicat
activity represented by a range of conditions from caleic clay scilsat aine extreme to large-
scale salt deposits at the other. The processes involved ate evaporation from surface and
subsurface waters and the activity of groundwater as a weathering "agent on suscepiible
rock types (Shaw 1988) with duricrusts being a common manifestation of this type of
environment. - '

2.2 Calcretes

Calcrete types encountered in association with pans-cover the mange from caleic soils to
massive hard pan calcretes ocourring as both precipitates and alteration products. Marshall
(1950) supgests that there are only two basic types of calcreies of major importance in
South Africa: '

11 Pédngenic calcrete - & soil farmed by 2 solution of carbonate from the upper
': horizons and the dcpositimiféin the ljﬁurhonzons which undergoes ali the soil-
" forming factors of climate, topngrapf{r";_ parent material and time,

2. Non-Pedogenic Calerete - can be considered as a geological horizon, formed
chiefly by the deposition of earbonate in the saturated zone above a shallow water
tabie. The most important mechanisms of calerete deposition are evaporation,
transpiration and carbon dioxide loss. Pure evaporation ag a mechanism for water
loss becomes ineffective when the water-table is deeper than 1-2 metres and is
even less effective in sands and gravels. This mechanism cannot be responsible for
the caleification of thick atluvial deposits. On the other hand, transpiration can
remove greater quantitiés of water fepm the soil with its influence extending to

“much greater depths, for example 2-8 metres (Marshall 1990). depending on the
nature of the roots responsible for transpiration.

Perhaps the most important mechanism fdr calcrete formation is the solution and
precipitation of calcium carbonate during changes in pore-water pressure (Netterburg

i



1969). This is as a product of a water-table fluctuation which influer res the soluhility of
calcium carbonate and as a consequence carbonate solution and precipitation can occur at
any depth. With the scenario of water-table consisting of river water containing soluble
carbonates which descends slowly over a period of time with fluctuating levels during the
yeary it *« pn mic for this mechanism to calcretize any thickness of alluvium without any
assis evapnratmn ok tranSplratlon

Pedogenesis has acted on most caicretes formed by other processes and hence many
calcretes are complex, being pedogenic and non-pedogenic in origin and may have also
undergone more than one phase of calcrzte fi. ‘mation,

.
A

Calcretes develop dccording to a well defined wenﬂtlc ﬁer'uen.,e (Netterbug 1%9) The

mode of evolution in most soils is one 0"' ni\cmng to form a honeycoinb
calcrete, the voids of which eventually il : x\ln a sandy or gravelly
sequence nodules do not generally form and a ca,t b R rw - sand-or gravel results
which proceeds directly to the hardpen stage. T3 ;ard{m-., » . .l product of calerete

formation is ultimately scaled by a hard, thin, lammar st *1 ﬂ;ey amain covared b
soil, calcretes undergo a form of decompesition or dwsoluuon of carwnate resulting in the
formation of makondos, an advanced state of solutional weathermg which may be infi lied
with later surface material and may or muy not be subsequently recalcretised (McCarthy
1983).

Calcretes occur beneath pans often to great depths (Shaw 1988) and because of their
relatively impervious nature they act as aguitards, creating perched water tabies in many
Kalahari pans. On the pan peripheries caleretes may form ridges and ferraces which can
extend several meters beyond the pan, ugually along subsurface drainage alignment. Some
of the higher-level pan calcretes of the Aminuis area of the Namibian Kalahari confain
algal mats and stromatolites, suggesting an ongm as spring tufas at points of high water
discharge (Lancaster 1956).

Silcretes are encountered as layers or nodules within the calerete 45.a product of direct
precipitation or by calcium repiacement eg Heuningvlei Pan in the Northern Cape Frovince
and the Makadikgadi area in Botswana (Shaw 1988), Ferricreted, which are indicative of



more humid conditions, are Jess conimen but may be encountered on slopes above pans
a5 in eastern Botswana and the North West Province .

The vwmjor salts found in pans are s dium and calcium sulphates, sodium chloride and
seqlinm carbonate, mostly as efflorescence at the pan surface or as a saline clay layer as
in Soutpan north of Bloemfontein, for example, Less common are nitrates such as found
in Mitsap Pan in Griqualand.



3 PAN INITIATION MECHANISMS

The integrated mode} of pan formation of Goudie 2nd Thomas (1985) combines the
*initiation and propagation mechanisms and presents them as a single genetic model without
distinction, Marshall and Harrise {1992) favour a modified model distinguishing between
pan initiation and pan propagation. They propose that three integrated mechanisms are
responsible for the origin of pan fields and the localisation of individual pang within the
ficld:

1. Suitable substratum: sediment, rock type or soil-forming processes,
2. Disrupted drainage: either tectonic or climate induced.
3, Geologicat structure: dolerite silis, fracture intersections, volcapism,

The above mechanisms are respongible for the initiation of a pan-field or an individual
pan, 10 a greater or lesser extent, aided by fhe processes of pan propagation.

3.1 Substratum

Given a specific set of circumstances pans are more likely o develop where the substratum
is easily weathered and contains 2 high proportion of dissolved salts. The lithologies that
are most susceptible to pan formation are those which contain a high concentration of sslté’
which may be leached and mechanically removed from the pan (De Bruiyn 1971). This
explaips in part the spatial distribution of pans 1 the Dwyka tillite and shale of the Karoo
Sequence, The mors homogenous of the Dv. ka and Ecca sequences also appear io be
conducive to pan development over the al mating sand and shale sequences of the
Beaufort group (De Bruin 1971; Le Roux 1% ). Susceptible rock formations 'ccntaining
high levels of soluble salts are not restricted . sedimentary sequences as demonstrated
by the pan fields evident on the Ventersdorp lava (Shaw 1988; Marshall 1990) and th
Karoo dolerite sills (De Bruiyn 1971). |

In the southeastern North West Province many small pans occur along interfluves between
current drainage not associated with palacodiainage, These surfaces display varying
degrees of jaterisation. On a lateritic surface, even one with an inverted \opography, iron

10



can be leached downwards from the overlying svil into the laterite horizon during surface
lowering (McFwlane 1976), The impermeable hardpan laterite layer allows for the
ponding of water and sediment and a pan begins 10 develop. Differential erosion of
surrounding, more easily weatherable material may result in an inverted topography with
the pans Jocated on top of positive topographicel features.

Pan belts in Botswana and the Northern Cape Province are mainly associated with the

Kaiahari sand and the Fcca shale and sandstone (Lancaster 1978; 1986). The accepted

explanation is that unconsolidated nature of the material and the tendancy for fines to

migrate to @gpdéraphic lows and formping impermeable layers (Shaw 1988; Lancaster -
1978). Shau; (1988) further suggests that groundwater seepzge occurs in the pre-Kalahari

bedrock (mainly Karoo sequences) along subsurface aquiducts and this, in conjunction with

lithological considerations leads to the localisation of pans.

Karst landscapes display closed depressions which may or may not contain water,
Dolomite and limestonz are susceptible to corrosion and subsidence, forming dolines
which may in turn form pans as seen in the North Western Province (Lichtenburg area).
The surface expression of swallow holes may also be in the form of a pan. "

The fact that a suitable substratum is present is not sufficient reason for 4 pan or pan field
to develop. It seems that a complex interplay involving water flow {surface or subsurface)
and geoiogicifmucture is a prerequisite. -

3.2 Disrupted Drainage /

It has long been recognised that some pans are prefereniially orientated along disrupted
drainage lines by mechanisms such as sand accumulation and river piracy (Geyser 1950;
Wellington 1958). More recent studies have confirmed that the pans of the northern Free
State (Grobler et al. 1988; Marshall 1987, 1988) and the southeastern North West
Province (Marshall 1950) are a product of tectonic and climatic disruption of tertiary
drainage systems, Prior fo the formation of pans, the norihern Free State was affected
by Miocene (Post-African 1) and Pliocene (Post-African 2} tectonic movements along the
Griqua-Transvaal Axis (Marshall 1988), Together with climaiic changes, lowered rainfall

1



and or temperatures, changes in the hydrodynamic equilibrium of the palacodrainage
system were initiated from degrading to aggrading, The prevailing northwesterly winds
removed loose dry sediments producing defiation holiows and 2 centripetal drainage )
system would start to form towards these depressions, initially aligned parallel to tha_g./j’
stream at each point, Along other parts of the stream calcrete may develop as the result
of excessive evaporation over infiltration down the oﬁginal stream course. This process
would -continually promote the formation of calcretes which can be used to detect the
nature of the palacodrainge systemn,

The pan-fields of the Northern Cape Province can also be attributed to the distuption of
palaeodrainage lines by climatic and tectonic processes. The Koa, Sak, and Hartebees
valleys have l}?"“ ascribed by Dingle and Hendey (1984) as late Cretaceous-Miocene
drainagas which have been successively abandoned by the Orange River system through
river capture. Pans occurring in these abandoned drainages such as Bosluis pan, Van
Wyksvlei and Brandvlei all display evidence of a desiccating climate in the Miocene
{Marshall and Harmse 1992). Studies by Brown et al, (1950) and de Wit (1988) indicate
that uplift occurred along the west coasi at abont the same time as the break-up of West

" Gondwanaland. "This uplift was followzd by extensive regional denudation of up to 3000

metres i the early Cretaceous. Sﬁicé. the: end of the Cretaceous relatively fittle denudation
appears to have occurred inland of the escarpment. This attributed to a significant decrease
in the rainfail during the Tertiary (Dingle and Hendey 1984). A scenario is proposed that
under such dry climatic conditions standing pools of water in the abandoned reaches of
the early Creataceous drainage system could develop into pans. At Brandvlei, it is
interesting to note that the fluvial deposits are developed on Dwyka rocks - a substratum
which is easily weathered and contains high concentrations of salts. This is conducive to
groundwater seepage (Marshall and Harmse 1992). The o:igins of pans in the Lake
Chrissie district of the Eastern Transvaal can also be ascribed to thie interplay o tectonic
disrupti.x and susceptible substratum. The pan floors consist of coarse feldspathic
sandstones belonging to the Karoo sequence (Shaw 1988) and occur to the west of the
Great Escarpment on what is thought to be the African surface (Lageat and Robb [984),

" This area now represents a major watershed between the drainage towards the Komati

River to the north and the rivers which drain south towards the Great Usutu River. The
westernmost pans of the Lake Chrissie area are recognisably part of a disintegrating
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drainage system but this relationship becomes less obvious the further to the east ones
moves. It has been suggested that the Lake Chrissie pans are the remnants of the drainage
on the African surface that has been tectonically disrupted by the flexural bulge of the
Great FEscarpment. As the bulpe retreats the gradients of the beadwaters of the
southwestwardly flowing rivers are flattened and the streams are finally beheaded. The
scenario again is that standing pools of water occur in the easily weathered Ecca
lithologies and pan development is initiated. The relatively high rainfall of this region
ensures that the pans are usuaily filled with water for most of the year (Marshall and
Harmse 1992),

il

3.3 Geslogicat Structure %

Tectonic digruption of a pre-existing drainage system, suitable substratum together with
climatic changes are the major reasons for the initiation of a pan field. Geological
structure plays an important role in the localisation of individual pans within any field.

Pans generally occur on lithologies that are easily weathered (De Bruiyn 19'71) and this
ohservation can be taken a step further in that pang will preferentially occur where the
landsurface is most susceptibie to weathering. Such loci are most likely to be at fracture,
fault or dyke intersections for the following reasons: |

1. The rock is already weakened at this point and susceptible to further weathering.

2. Ground water throughflow is concentrated a‘ these points enhancing decomposition )
and meghanical erosion. | |

3. This accelerated weathering leads to tie iiberation of salts which, in tumn,
encourag\es fucther weathering,

This type of structural control of pan distribution has been shown 10 be the case in the
southeastern North West Province (Marshall 1990). Most of the pans occur within
palacodrainage shannels end those that do not are, for the most part, the products of
laterisation or plinthic development, The pans within the drainage channels are describad
as occurring along structuréﬂ lineaments and preferentially at {i.e intersection of two or
more such lincamenzs. The term, liseament, is & loose one and with a field check can
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probably be identified as a fault or fracture. Examples are Zoutpan, Spinnekop Pan and
Zevenfortein Pan. Five lincaments intersect under Spinnekop Pan which always contains
water even during the driest periods. The fractures weaken the already susceptible
substratum (Spinnekop Pan occurs on Ecca Shales; Zoutpan as¢ Zevenfontein Pan on
Ventersdorp Lava); underground throughfiow enhances weatherin g and the reieasoof salts
an¢ thereby promotes pan development at these loci (sodium chloride and sodium sulphate
are ied at Zevenfontein Pan).

Other pans which have a structural control are those of the Wesselbron panfield, The
maximum extent of this pan-field appears to be developed over a peripheral graben on the

norihern flank of the Wesselbron dome. This also coincides with the most disrupted

portion 'of the Wesselspruit palacodrainage system (Marshall 1987).

Pans also develop in e presence of dolerite basin structures (sills/sheets) which, due to
the resistance of dolerite to weathering, lead to the devéiopment of local centripetal
drainage patterns (De Bruiyn 1971). Wafer accumulates in these basins and dissolved salts

are concentrated when the water evaporates. This in turn causes mechanical weathering
of the overlying sediments due to crystallisation and thermal expansion, enhancing the":"-':

erosion processes (Marshall and Harmse 1992), Famples of these pans occur in the
western Free State (Petrusburg area) preferentially where dolerits basin structures are

overlain by Karoo shales and sandy shales that have high soluble salt concentrations. S

‘To summarise, pans, whether isolated or within pan-fields are initiated by an interplay of
three mechanisnis:

1. A suitable substraium has to exist - the lithology has to be susceptible to
weathering and must preferably contain soluble salts that can aid in the
chemical and mechanical weathering and erosion of the rock.

[

A disrupted drainage on a flat surface - tectonic and climatic factors may
combine to produce a desiccation of a drainage system and the subsequent
ponding of waters to form pans. Deep weathering along subsurface flow
paths also contributes 0 pan initiation.
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3. Geological structures such as fractures, faults or dyke intersections promote
the weathering of certain portions of the landsurface and are often

responsible for local disiribution of pans in a pan-field.

]

i
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4 PROPAGATION OF PANS

Once & series of pans has been created by one or a combination of ¢ initiation
mechanisms they may become infilled with sediment over a fairly. brief span ¢f *imne and
cease to be active landscape features. On the other hand a pan may continue as an activ.
landscape element for millennia by propagating “tself in one or combination of ways.
Marshall and Harmse (1992) have concluded that many of the mechanisms of origing of
pans as described by different authors are in fact ways in which pans propagate and
remain features of the landscape. There does not appear to be consensus on these
mechanisms bt it is clear that not all pans propagate by the same mechanisms.

4.1 Litho_ldgical Model : : A

De Bruiyn (i971) proposed that lithology was the key factor in pan formation
{(propagation). He felt that a correlation existed between the occurrence of dolerite dykes
and sills that have intruded into Karoo shales and sandstones and the occurrence of pans
in the western Orange Free State. Aithough this model may sxplain the occurtence of pans
in this area, it is not applicable to many other geological settings.

4.2 Deflation Mo_del

Several auf;-ors Rogers (1934), Van Eeden (1955), Le Roux (1978) - considered that
wind def{aymn was the major element in par formation and propagation. Lancaster (1978b)
felt that wind deflation is the mectianism by which blowout hollows nd eventually pans
developed in the Kalahari. The occurrence of lunette dunes on the downwind side of many
pan floors vends to substantiate this theory, However, again this probably a mezhanism by
which pans are propagated rather thas a means by which they were initiated.

4.3 Biogenctic Model
Alison (1899), Laloy (1909) & 1d Passarge {1911) thought that the vast hc.ds of game that
roamed the African continent not so long ago had a major imnact on pans that they vistd.

These pans provided water as swell as a salt lick {le Roux 1978). The idea was that
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excavation of these pans took place through trampled mud . zing to the hooves and
tlanks of migrating ani..al. Le Roux {1978) thought that the trampling of the pan flicor by
iierds of animals pieparcd the pan surface for wind deflation. Geyser (1950) largely
refoted this thinking as he found no pan with & sticky clay base and it seemed impossible
that animals cow’ have carried large amounts of mud from pan tloors by their hooves.
The present line «of thinking is that such a mechanism of pan propagation could not been
a very active ov. . {Marshail and Harmse 1992). Hawéver, it is ot an idea that should be
totally discarded as one tends to view the landscape and its processes as we see it today
and not in the millennia gone by and its wealth of mobile gaine,

4.4 Muoltiple Models

To explain the wide variety of pass found combined mechanisms of pan propagation bave
beun proposed. For example Schmitz and Harmse (1990) investigated the pans of the
nosthwest Orange Free State befure and after the loca! floods of 1989. They concluded
that auring dry spells wind deflation plays an imporiant part in excavating pan floors.
However, during exceptionally wet periods the pan systems exhibit all the properties of
a lacustring environment with sediments being moved by a fluvial rather than acolian
machanisms.

4.5 Erological Model

The ecological model of Verhagen {1991) is probably the most plausibie to date in terms
of propagation of pans in southern Africa because it incorporates elements of eyclicity and
thus different processes by which to account for many different types of pan.

Verhagen devised his model througl his observations of pans in southern Botswana on the
Kalahari deposits together with the behavipur and excavating activity of domestic animals
around boreholer This model could be applied to paps elsewhere.

1. He states that where superficial (Tertiary Kalahari) sediments accumulate drainage
interruption will form isofated depressions in which water collects through surface
runeff, Weathered clay accumulates i ihe bottom of these depressions and shallow
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ground water seepage cauase calcretes to form iv the margins and the foor,
decreasing its permeability, Salinity and alkalinity in the sianding water body
increase due to evaporation. Perchad ground waler ¢oi. tions develop as he
thickening caleretes become aguitards. Animals congregate around the bare clay
pan for water and surface salt licks and in dry periods “ into the floor or pan
edge o obtain water which in turn becomes increasingly saline.

Verhagen continues the scenario by stating that with prolonged drought conditions,
loose pan materia' we:id be deflated by the prevailing wind zad deposited as
lupette dunes. Calcrete would continue to be deposited by producing an
increasingly permanent lendform, "The increasing salinity of the water would miake
tha pan iess attractive as a watering place. During wi..or periods the salinity may
rise 10 u.acceptable levels when perched saline water rises to the surface.
Eventually the saline pan is abandoned as new wigration routes are 'ﬁought.

Verhagen proposes as the next phase of the cycle, in the absence of animals
churning up the pan and its surrounds, the gradual re-colonisation of vegeiation at
the pan margins and eventually the pan fioor. Soil fortmation and humtus productibn
would then commence on the pan surface. The soil water would become
increasingly acid which would teach solution channels into the fioor and sides cf
thi pan, ailowing perched water to infiltrate to greater depths, Over tinde the
Ealinity would be redured, further stimulating plant growth, reducing the deflation
of the pan by the wind, the overall morphology of the depression remains
unaliered, although the profile will be less pronounced as the pan fills with
sediment. Standing water can remain on the argillaceous sections of the pan tuor,
The pun is no longer frequentec by nerds, except for casval grazing by individuals
or small grovps of animals. The main watering place is now some other pan which
is under going the same cycle of denudation and salination. Gradually the
freshwater pan may be rediscovered and another cycle of denudation and salination
initiated. These developments may tike the order of many centizies or miliennia,
It is quite feasible that a pan nay disappear altogether if ‘rediscovery” fails to take
place.
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A pan or pan field once initiated has to be propagated through time end may survive
through successive erosion cycles tp remaint 2 landscape feature, Verhagen’s (1991)
ecological propagation model presents itseif as the most viable one to date to explain the
persistence and variation in the appearance of some pans. However, with the loss of the

vast migrating game herds, wildlite in general, and a change in latiduse over much of the -

southern African Jandscape, it is 2 matter of specolation as to the fate of many of the pany
detectable as landscape features at this point in time, '
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5 WETLANDS

The RAMSAR Convention definition of a wetland is extremely broad and incurpnrates the
following:

Cerens areas of marsh, fen, peatland or water whether natural or artificial, permanent or
femporary, ufitlﬁf'wae‘er that is static or flowing, fresh, brackishk or salt, including areas of
marine waren{. the depth of which at low tide does net exceed six metres and may
incorporare riparien and coastal zones adiacent o wetlands and may incorporate riparian
and coastal zones adjacent to the wetlunds and islands or bodies of marine water deeper
than sie meres at low tide lying within the wetlands.’

Wetlanl.pls are subject to considerable temporal and spatial variation. They occur over &
variety liuf sites, from the tops of mountains to mud fiais at sea-level, and are subject to
differing climatic, hydrologic and topographic iafluences. They all hav: one or more of
the fo!l@:wing features in common (Mitsch and Gosselink 1986):

I;‘iuil that is at least periodically, saturated with water.

1.

2. Soil within which reducing conditions prevaii.
3. ]fmpeded drainage.

4, A characteristic position in the landscape.

5. Distinctive plant communities.

6. Distinctive animal communities.

5.1 Panus as Wetlands

Pans are shallow endorheic basins which display marked fluctuations in water depth and
duration of inundation (Goudie and Thomas 1985) and arc significant sites of locai
ccological diversity and particularly, an essential hahitat for aquatic avifauna. In arid and
semi-arid regions life in temporary waters is characterised by a lack of fish predators and
by organisms with life-histories which enable communities to survive extended periods of
drought. As temporary waicr bodies vary considerably in size, period of inundation and
water quality, it is (0 be expected that their animal communities will also vary in



composition, diversity and life history. Furthermore, many of the organisms wili be
specific to the geographical region being studied (Seaman and Kok 1987).

Pans as wetland ecosystems have three limnological characterisiics which are major

factars in determining their response to the input of water, light, nutrients and po!lutants’

Rogers et al (1989) summarised these factors as follows:

y _

i. As a result of the surface area to volume ratio of pans being large, their capacity
to buffer the effects of environmentai factors which act over the surface is limited.
Pan ccosystems are therefore subject to marked fluctuations in iight, temperature
and high evapuorative water loss. Wind action has a prbnounced affect, causing
frequent resuspension of sediments creating changes in oxygen, pH and nutrients
in the water body, '

2. Depending upon the type of pam,ﬁnd length of .uundatmn, the ratio of the littoral

| zone, to the pelagic zone is hsgh and benthic algal and aquatic plant communities
g&;gmlly dominate, providing potential habitats for aquatic, amphibian and avian
faund, "

The endorheic nature of pans means that allochthonous inputs into the water body
will mﬁumula?z repidly as there is no dischargdl downstream. Pans are therefore
sensitive to cutrophication in particular. and pollution in general,

~ Seaman and Kok (1987) demonstrated the ¢ -‘ogical diversity in Free State Pans and

came to the Tollowing conclusieﬁs;g summarised #5 follows:

1, Free State pans are characterised by great diversity in size and mean physicai and
chemical values. |

2. Within each inundation there are large changes in physical and chemical
conditions,

3. Although pans are generally diffevent, they often share similar conditions for short
periods,
Pan communities share many faxs, with permanest water bodies.

5. The pans are devoid of fish.

6.  Organisms characieristic of pans share cither the inability to withstand predation
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by fish or the ability to reproduce rapidly and produce dessication-resistant resting
stages, or both.

7. Pans with ‘short’ inundation periods share organisms with those having "iong'
inundations. |

8. Pans with *long® inundation periods have a greater diversity of species than those
having ‘short” inundations. )

9. Organisms in ‘short’ inundation pans are more rigoroursly sclected for their
opporiunist and survival abilities.

10.  Certain organisms, notably the Eubranchiopoda, are characteristic of pans.

Changes in activity in the pan catchment, particularly those which affect water depth, will
act through these factors to initiate changes in the biotic and abiotic natur¢ of pan

ecosystems. Furthermore ... gers ef af (1989) sugpest that the major determinanis of the

abundance and wide variety of aguatic birds which utilize pans is  product of the diversity
of pans in both space and time and the major threat to avifeuna of pans is that of water

level stabilization as a result of man’s activities in the catchment. The range of habitat

conditions will be reduced in both space and time and so too will the range of avifauna
that wiHl visit the ecosystem. 3



6 STUDY AREA (Fig 2 Map pocket, Fig 6 Map Pocket)

The study area is cenired on Barberspan in the North West Prﬁvince, extending some 25
km west towards Geysdorp and northwest into the old Kunana Tswana location. It lies on
the andesitic to basaltic lavas of the Ventersdorp Supergroup on a Post-African Phase 1
geomorphic su e and is characterised by a lack of prominent streams and a4 multitude
of large and small pans, ‘The landseape aud drainage features of the area are attributed to
crustal movement associated with the Grigualand-Transvaal Axis of uplift towards end of
the Tertiary Period. The development of this axis along a north-east - south-west
Precambrian [ineament which now forms the divide betwzen the Harts and the
Skoonspruit Drainage and the Vaal River, produced an obligue crustal tili causing the
disruption of the palaeo-Nossob, the palaco-Dry Harts and the Palaeo-Harts Rivers {Mayer
1973) (Figure 2, map pocket).

The area northwest of the upper Haris River is characterised by two distinct lines of large
pans: one is the Barberspan-Manuni pan-line and the other the Riet Pan-Geysdorp line
(Figure 6, map pocket), The gradients along these iwo lines connecting the pans'are
practically zerc and is manifest in times of flood when the Harts River rise«. and there is
a reversal of drainage so that the waicer from the river Hows into Puberspan. Mayer
(1973) postulates that as the pans along the Barberspan-Manurni Pan line and the Riet Pan-
Geysdorp line lie in broad open, but distinct valleys, they were most likely former
drainage lines which were eroded by water and the greater width of the Barberspan-
Manuni Pan valley suggests that it was ercded by a major stream. The conclusion drawn
is that the Barberspan-Manuni Pan Line was once the main river course of a former or
palaco-Harts system and the Riet Pan-Geysdorp line was one of its western tributaries.
This would imply that the present main stream of the Harts River between Lichtenburg
and Barberspan was an eastern {tibutary of this former or palaco-Harts system.

Figure 6 is 7, 4. 2, (RGB) band combination of scene WRS - 172-78D (southeast
quadrant) acquired on (3. 12, 86, scale 1; 325 000; see also Figure 2, The scene clearly
depicts the present day course of the Harts and Klein Harts Rivers draining from the
northeast and southwest in a southerly direction. The Riet Pan-Geysdorp pan-line in the
south west corner of the image and the Barberspan-Manuni pan-line extending to the north

23



of Barberspan can be easily picked up. With this band combination, vegetation is depicted
as green, water as blue, soils as reddish tones throagh to white. The darker reddish hues
_in the northeast and northwest of the scene are most likely to be a rainfall response (see
chapier 7 for explanation of Landsat TM band responses). The vegetated drainage courses -
of the headwaters of the Molopo River can be seen in the northwest corner of the scene
indicating a change in direction of drainage to the northwest. This scene also demonstrates
the characteristic distribution of the pans in this area. The large pans, many with
caluneties on their southeastern fringes (detectable as a paler-hued signature) occur as
strings in the palacodrainage courses of the Harts River. Scattered across the landscape
on the interfluvas between present and palaecdrainges, visible as circu.ar greenish specs
in the cultivated lands, are numberable smaller paos or depressions which appear to show
% vegetaiion response across their entire surface. The general size, morphology and
distribution of pax(é is very different to that of the Free State pan field (Figure 2).

To explain the present-day physiographic character of this area Mayer (1973) suggests that
the former main course of the Harts River (Barbers-Manuni Pan line) and its western
tributaries (of which the most distinct relict at present is the Riet Pan-Geysdorp line of
paus), were beheaded in their upper reaches by tributaries of the Molopo River, which by
headward retreat, actively eroded towards the south-cast and cut into the general level of
the original Haris drainage surface (Figui'e‘- 2). Furthermore, the larger pans, which are
strung in definite lines in the Delareyville district possibly developed from a series of
standing pools which marked the low-gradient down-stream sections of the main course
of the pataeo-Harts River and its western tributaries, after truncating of its headwaters.
During arid periods these poois must have dried up and become prone to wind erosion.
This resulted in their gradual enlargement and the accumulatiop of calcareous material
blown from the pans which have in time built up low rounded h'.ills (calunettes) on their
southern perimeters.

6.1 Barberspan
Barberspan, 26° 35’ 8, 25 35" E, lies in an area characterised by the absence of any
marked physiographic features, and is generally gently undulating or very flat farming

land, characterised by extensive mealie jands with hills seldom rising more than 130m
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above the surrounding flats. Barboerspan is a nature reserve, 3118 ha in extent, of which
about 1750 ha is water surface at high water. The pan is connected with the extant Harts
River via a channel, The pan itself is about 2.5km at its widest point by Skm in length. |
The 1:50000 topocadastral map of the area shows the maximuam floodline of the pan to be
4k wide and 6km in length. Barberspan lies near the commencement of the fossil course
of the Harts River which can be traced northward by a series of pans for 2 further 45km
terminating at Manuni pan. Although at a lowser elevation and adjoining the flood plain of
the Harts River, Barberspan did not receive water along the fossil course except in peak
floods because of 4 limestone obstruction, and the Harts water went past Schwelzer-
Renecke fo the Vaal (Mnlstem 1975). '

In 1918 General J. C. Smuts was responsible for diverting the Harts River into its fossil
course. This was achieved by the construction of 2 still visible stone wall (4.3m long and
1.2m high) blocking the current course of the river, and the removal of the 50m limestone
obstruction in the fossil course. The first subsequent flood by-passed a sluice intended to
control it, and commenced enlarging the fossil course into Barberspan. Von Backstrom
in 1963 estimated thé enlarged channel to exceed 14m¥/sec. Since this diversion
Barberspan has never dried up, the last occasion being in 1913 (Polderman 1945), It now
has first call on the upper waters of the Harts River, although during peak floods, when
the river flows in places only 2 few centimetres deep and Skm wide, much water flows
past to Schweizer-Renecke.

Barberspan’s own catchment area is 39 k* with a run-off of only about 77610n:® per year
(Von Backstrom 1963), while an average flow of over 60 times as much reaches it
annually from the Harts River. Local rainfall consequently seems to be of minor
importance to the water lavel in the pan. The system is essentially endorheic, however
Barberspan is connected to the next pan in the serics, Lesupan, by a shallow channel, into
which it overflowed in 1943 and 1967, through a shallow channel, Water has been
prevented from pushing past Leeupan this century by a limestone obstruction; thus all
water enfering these pans is lost by seepage or evaporation. Barberspan is now a
perennial, shallow, alkaline body of water. Other pans in the area 2re non-perennial. It is
one of the few permarnent natural waterbodies on the western highveld and provides food
and shelter during the dry months for large numbers of waterfowl. Migrating aquatic
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species use the parnt as an important stopover. Almost 300 species of birds have been
recorded here, about one-fifth being migrants. A research station was established in 1952
but is no longer operational. Appr?;cimately 4000 birds of 190 species were ringed
annually for study of their distribution and migration. The pan is also a popular angling
resort and recreational arex in the North West Province. .

6.2 Geology and Geomurphology&

The prevailing northern winds have played an essential role in carving out Barberspan and
Leeupan, blowing pan limesione into hills south of the pans, 24.4m and 23.2m high
respectively (du Toit 1954), though trampling by herds of game were possibly
contributory. Barberspan is the largest of a series of pans on the fossil bed of the Harts
River. The reserve is underlain by amygdaloidal lava of the Ventersdorp System (2100
million years). This is covered by surface limestone (100 million yee.rs) and classified as
viei or pan limestone according to origin, The quality varles from pure limestone to
calerete which is hard and massive on the surface but soft and granular beneath the crust,

6.3 Soil Type and Chemistry SN ‘(

' =
Soils are shallow, alkaline and calcareous with sandy patcbes in certain areas, Mispah
forms predominate in the reserve, while Katspruit forms are found near the water
(Milstein 1975).

6.4 Water Quality

The water of the pan is reasonably clear with marked increase in clarity in winter, The
pH averages 9. 4 over a rangs of 8.2 to 9,8. Surface temperatures vary from 15.0 °C to
17.2 C in June and from 24.5 °C to 31.0 °C in December. The depth varies from 5m to
9.5m flooding an area of 1000ka to 1700ha. The storage capaclty varies according to
depth from 33000m? x 10 to 96000m* x 10,

6.5 Climate
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Situated in the summer rainfall region, the pan and its catchmenis receive their rains
during the hot summer inonths and experience cool dry winters. The rainfafl over the
eiitire catchment averages S57mm per annum. The annual average temperature range
varies between %°C (minimum) to 27°C (maximum). According to the Koppen climate
classification, Barberspan’s climate can be coded as BSK referring to an arid zone with
an average temperature beiow 18 °C.

6.6 Vegetation

The vegetation around Barberspan falls within the Dry Cymbpogon-Themeda veld as
- classified by Acocks (1975) of which very little remains. Relatively few naturally
occurring shrubs and tregs are found on the reserve, At present 60% of the reserve is
made up of old lands in various stages of suceession. Few naturally occurring frees and
shrubs are found on the reserve. The nyost common are:
Acacia karroo, Rhus lancea, Rhus pymzdes, Diospyros lyciodes.
Common grasses are: ‘
Thenieda iriandra, Cymbopogon plurinodes, Eragrostis lehmannia, Eragrosns
superba, Heteropogon contorius, Lippia scaberima.
Aquatic vegetation is dominated by :
Potomageton pectinatus with other species including Ceratophyllum demersum,
Lagarosiphon sp. and Ludwigia sp.
The pari supports a rich plankton community.

The pH of the water ranges between' 9.2 and 10.4. 'Thi§ kampers the growth of 'higl_;er
vegetation which is usually present in the littoral zonc of fresh waters. The vegetation of )
this zone is predominantly sedges (Jurncus, Eleocharis and Cyperus spp). These gfade into
small prostrate herbs on the exposed shore and then into open grassfand { 3l of Mispah
soils, In shallow water areas, thick stands of the grass Panicum repens provide cover for
birds during times of flood and the limestone outcrops support jin abundance of Cyrodon
dactylon, 'J

Numerous shallow pans of varying size occur on the Jandsurface between fossil and extant
drainage channels and these consist mainly of depressions vegetated with grass
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| communities or a mixture of grass and forbs which fill with water to greater or lesser

extent. ‘Their _ sehce is more enigmatic and can probably be ascribed to underlying
geological siructures and soil type. Many of these pans occur in cultivated mealie lands
and may or may not be fenced off. They remain as landscape features because in many
cases the yan soils are too hard to plough through. Furthermore, depending upon the
location, the pans are usei: for grazing of livesiock as some of the newly flushed grasses
appear {o be palatable, for example, the Kalahari pan grass. The pans are very variable
in their abilit§ to retain water but when water-filled, depending on the vegetation they
support, they provide sites for avifauna such as thie Spurwing Goose.

6.7 The Harts River Floodplain

The Harts River meanders through its floodplain in a west south west direction from its
junction with the Klein Harts to its junction with the bed of the palaco-Harts (the channel
1o Barberspan). The width of the flood plain is about 2000 metres, natrowing to about 400
metres at road 657. It then fans out to 2 width of about 4000 meres at road 140, Here the
river changes course and flows south. Some 200 metres west of road 657 the main channel
swings sharply to the right to flow down the middle of the widening plain to join the
palaco-river bed on the way to Barberspan. A secondary channel a metre or so deep
branches off the river at this point to flow along the left bank of the river until high
ground diverts it back to the plain where it again joins the main channel. The two channels
described are linked by three or more shatlow runs with a final link near the fossil bed
of the river where it joins the pan. This link channel is also deep enough to draw water
from the main channel and Barberspan but it has been sealed off by a stone dike
consiructed by Nature Conservation, It is at this point that the furrow excavated by J. C,
Smuts is to be found. It increased the flow to the pan and reduced the Joss through the
link. The river bed lies some nine mefres above the bottom of the pan and gravity will
flow to the pan.

When the flood plain is first subinerged after a dry period, the following birds have been
observed (Morgan 1989);

Herons; Egrets and Sacred Ibis in large numbers, Spurwing Geese and i&nobilled Duck
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aind Glossy Ibis, They follow the advancing waters and stdy only a short while. Coot,
Moorhen and Gailinule come in undetermined numbers and some stay to breed. -

G

The floodplain drains quickly into the deeper main channel and dries up. Vegetation

growth is dense with Quail species nesting. Neither Francolin or Guinea Fowl were
renorted as being seen. The vommonest birds in long grass were Desert Cisticola, Quail

Finches and Longclaws. Riper pools oceur-some three metres below ground level and the

banks are often vertical. Duck, grebes, cormorants and Glossy Ibis appear in small
numbers. When and while the flood plairis wet the bird populations are significant. When
dry, the grass communities are gﬁa}zdﬁy cattle.

i)
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7 LANDSAT TM AS A REYOTE SENSING PLATFORM

Alihough astronastt spacecraft programmes have provided photoyraphy of the earth’s
surtace, the bulk of remote sensing daia ha been upﬁined from earth bservation satelites
carrying electro-optical sensor systems (Lillesand and Kiefer 1937) Landsat represents .

first interpationnl satellite piogiany dealgneﬁ specifically for cmlectmg sypoptic and
repetifiive muliispectial imsge data of the es:°r's surfiwe that coubl ha usedd to wnyze and
monitor the world®s resources and enviromuonls. It was initiated by NASA with an ‘open
skies” policy, meaning that images would be acquired on a worldwide basis and users from
any couniry would have acee. .« avy of the collected data. To date there hiave been five
gat i 8 the Landsat series, one of wtﬁch is stili operational. Three types of sensors
have bear used in various vombinations on the five Landsats:

. Retrn .Beam vidicon {RBV} camera (Lundsats 1 aad 2 - not used)
2. Muitispectral Scanner (MS$S)
3. Thematic Mapper (T34

At

Landsats | to 4 are defunct. The orbit of Landsat 5 is near polars and sun Synchronous
with a,nominal altitude of 705km, with a ground resclution of 30m for the Thematic
Mapper. It accquires data from seven bands within the electromagnetic specirum: three in
the visible part of the spectrum, one in the vear infrared (IR), two in the short-wave IR,
and the last in the thermal part of the TR. The satellite’s sun synchronous orbit has an
ascending right-time trajectory with a southern hemisphere over-flight at about 10am locat
thue. Bands 1 to §, and 7, have a ground celi-size of 28.5m% while band 6 detectors in
the ground projection cover some 114m*. There are sivieen detectors for e2ch of the bands
1 to §, while band & has four oa the primnary plane (Avery atd Betlin 1992},

7.1 Multispect:al Scanner

The M3S s an across-track scanner «levice carried by all five Landszis. The MSS collacts
earth-reflected radiation in four contiguous spectral bands between 0.5 and 1.1 pm, Two
numbering systems are used to desigaate the four hands. Winat are known as MSS bands
4, 5, 6, and 7 for Landsats 1, 2, and 3 a2 called respectively MSS bands 1, 2, 3, and 4
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for Landsats 4 and 3. The former numbering system remains in place for identifying MSS
images from the earlier satellites. The MSS was the primary or lead sensor on the first
three Landsats (Avery and Berlin 1992).

The MSS incorporates six detectors per band at the focal plane {24 detectors). i<, . ach
sweep of the coflection mirror, siz lines are scanned simultaneously in each of the four
bands; image data are only waorded during the castward sweep of the oscillaling mirror,
The across track swath i |B5km wide and perpendicular to the orbital path. “he torward
motion of the sateliiie providas the along-track build up of scan fines. For the fiigt three
Landsats, the angular field of view (AFQOV) for the MSS was 11,58, However., thé AFOQV
was increased to 14.9" for Laudsais 4 awd 5 in order to maintain the nominal 185km swath
width (altitude changed from 915 o 705km). The instantancous field of view (IFOV) for
the MSS on the eartier satellites was 0.086 mrad: this yielded a gronnd resotution cell
measuring 79m x 79m (determined from pre lauuch Keplerian geometry). The IFOV of
the MSS on Landsais 4 and 5 was changed to 0. 116 mrad, which produces an 82 x 82m
“ ground resolution cefl (Markam and Barker 1983),

Radiance data are collected by ihe MSS along a groumd track at a fixed width or swath.
Once telemetered to the ground stations, The MSS data strips are *framed” into individual
scenes that cover a nominal ground area meusuring {85 x 185km. A standard MSS image
deviates from a rectangle by the distance the earth rotated beneath the spacecraft during
the 25 seconds the data were being collected from the top to the boltom of a MSS scene.
As a result, the image incorparates rotational shiew and is represented as a slanted
parallelogram. o
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Table 7.1 Chavacterifics of the Landsat Multispecteal Scanner (adapted from

Lillesand and Kicfer 1987).

Landsats Lanadsats Wavelength Spectral Landsats Landsats

1.3 -8 Range {umy) Location 1-3 4-5
{resofution)

Band 4 Band ] (.53 -6 Gireen Mm $2m

Band 3 Pang 2 0.6- 0.7 Hed o 32m

Rand 6 Kand 3 0.7 - 0.8 Near IR Tom 82m

Band 7 Band 4 0.8-11  NeawrlR  Pm 82m

The MSS on Landsat 3 contained a thermal IR band but it was never operational.

A summary of responzes of each MSS band to various surface materizls are as follows

(band designations are for i.andsats 1 - 3):

1.

Band 4; most useful for lying water features. It has greatest depth penetration
in clear water of the four MSS bands and it is sensitive o turbidily (suspended
sediments) and pollution patterns. A major drawback is its sensitivity to
atmospheric haze, which causes band 4 data to have limited quantization levels,

Band 5: spans one of the chlorophyll absorption regions and thus shows good
contrast between vegetated and most non vegetated sucfaces. Haze penetration is
betier than for baud 4, but water penefration is significantly less. Band § provides
a good spectral region for differentiating silt-laden and clear water and many
natural and cultural features, '

Band 6 and band 7. Spectral responses in the wavelength regions represented in
band 6 and band 7 fend to be similar for most surface. features. They are
respongive 0 the amount of vegetalinﬁ of biomass presens in a scene; this ¢an
facilitate the identification of different crop and timber types, or discriminating
planted and natural vegetaiion, Band 6 and 7 images accenfuate the contrast
between land water surfaces because waier is a strong absorber of IR radiation an
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moist ground registers in darker tones than dry land. Both bands have good haze
penetration ability. For visual iterpretations, band 7 images are usually preferred
over band 6 images because they show greater tonal contrast.

o

Certain’ surface materials have similar spectr. responses over the wavelength interval of
the four MSS bands, causing them to appear in similar tones in each image, for example
clouds and dry srow are rendercd in light tones whereas yourg volcanic features and
asphalt register in dark tones,

7.2 Thematic Mapper

The lead sensor carried by Landsats 4 and § is the Thematic Mapper (TM). Although
relying heavily on the technology of the MSS, the TM incorporates improved resolution,
additional sﬁectral bands, higher radiometric sensitivity and improved geometric fidelity
over its MSS predecessor. TM is designed fo operate simultaneously with the MSS. The
thematic mapper (Lillesand and Kiefer 1987) speciral band are summar:sed as follows:

1. Band 1., wavelength (WL), 0.450.52 nanometres., nominal spectral location
(NLS) - BLUE
Designed for water hody penetration - useful for coastal water mapping. Also
useful for soil/vegetation discrimination, forest type mapping and cultural feature
identification.

2 Band 2., WL 0.52-0.60., NSL - GREEN
Designed to measure green reflectance peak cf vegetation for vegetation

,(‘

discrimaination and vigour assessment. Also useful for cultural feature identification.
3. Band 3., WL 0.63-0.69., NLS - RED '
Designed to sense in a chlorophyll absorption region, aiding in plant species
differentiation. Also useful for cultural feature identification,
4.  Band 4., WL0.76-0.90., NLS - NEARINFRARED
Useful for determining vegetation types, vigour and biomass content, for
delineating water bodics, and for soil moisture discrimination.
§ Band 5., WL 1.55-1.75., RLS - MID-INFRARED
Indicative of vegetation moisture content -and soil moistore. Also used to

i
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differentiate  snow fromh clouds.

6. Band 6., WL., 10.4-12.5., NLS - THERMAL INFRARED
Usefal in vegetation stress analysis, soil moisture discrimination, and thermal
mapping applications eg thermal pollution in water bodies.

7. Band 7., WL 2,08-2.35., NLS - MID-INFRARED
Useful for discrimination of mineral and rock types. Also sensitive to vegetation
moisture content,

Bands 6 and 7 are out of wavelength sequence because band 7 was added to the TM after

the original system design process,

For the six non-thermal bands, 20 different 3 ~ band colour composite images can be
produced. A colour infrared composite is generated by projecting band 2, 3, and 4 positive
images through blue, green and red light respectively. Othe: 3 - band combinations can
be colour composifed to enhance features of special interest.

The angular field of view (AFOV) for the TM is 14.9" which produces a 185km swath
width from a Landsat altitude of 705km. The standard full-scene TM immage measures
- 185km across track by 170km along track and is depicted as a slanted parallelogram.

The instaneous field of view (JFOV) for the visible and reflected IR bands (bands 1-5 and
7y is 0.0425 mrad; this produces a ground resobution cell measuring 30m x 30m, The
1FQV for ihe thermal IR band (band 6) is (.17 mrad; this produces 2 ground resolution
cell of 120m x 120m. The larger cell size for bani 6 transiate to a longer dwell time;-.
ensuring that a signal of adequate strength can be collected to maintain its temperature
resolution of 0.6°. The TM scans in both directions normal to the ground track ie
bidirectional scanning. A 16 clement detector array is used for each of the 30 metre
resolution bands and 4 detectors are used for the thermal IR b, Therefore, 16 scan lines
are generated for bands 1 - § and 7 and 4 are gencrated for band 6 duﬂng each sweep of
the mirtor
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-7.3 SPOT

In the late 19705, the French government initiated the Systemz Pour ’observation de Ia
Terre (SPOT) programme., SPOT was designed to be a fully operational and commercial
remote sensing programme, as opposed (0 a government-sponsored research and
deveiopment programme. Analogous 16 Landsat, the data were to be collected on a global
basis but unlike the Landsat programme, the satellites were to he equipped with high-
' resolution along-track scanners with geross track pointable onlic;s that wev e both
nadir and off-nadir viewing. In the multispectral mode the high resofv 'w.sibwt\\:ﬁk‘\l)
scanner operates in three narcow spectral regions (Rees 19%0): "

1. Band 1} 0.50 - 0.5%um Green
2.  Band 2 0.61 - 0.68um Red
3. Band 3 0.79 - 0.89um Near IR

These band sensitivities were selected to optimise the capability of discriminating different
plant species (Jaakola 1989;). For each band, a 3 000 element acray is used; this sampling
mesh corresponds to a ground element that measures 20m x 20m. Black and white images
are normally vsed to make colour infrared composites.

The spatial structure of an image will determine the type and amouni of information in
it. Increasing spatial resolution (viewing smailer grovmd units) wifl espand i:h the amount
of information in the image and the problems of scune beterogeneity of varia. of the
data in it since more unique ground classes will be identified in it The number of pa: s
containing more (han one land cover type was 2 function of both complexity of the scene
and the sensor spatial resolution (Haak et at 1987), Interclass separability is a function of
both sensor parameters and site conditions. Generally with the advent of higher resolution
sensors such as Landsat TM and SPOT, classification and geometric accuracies have
shown a marked impravement over the former Landsat MSS results,

Thompson (1994) summarises the availability of remote sensing data in South Africa as
follows:
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Table 7.3 Remote Sensing Data Types Available in South Africa (adapted from
~ Thomypscen 1944} -

Data Types

“Landsat muMtispectral scanner (MSS)
Landsat thematic mapper (TM)

. SPOT pultispectral scanner
SPOT panchromatic (PAN)
Aerial photography'

Airborae video (developing, not yet
operational /txcept by individuals)

information)

Daia Format
False colour infrared
False colour infrared (including moisture

False colour inirared

Black/white

Biack/white or true colour

Research rather than operational tools:

AVIRIS and RADAR

Black/white or true colour, possibly
infraved

Table 7.3.1 Data Types and Frequency of Image Acquisition (adapted from

Thompson 1994)

‘Data Type Period Availrble
Landsat MSS Archival: pre-1989
Landsat TM 1989 - current
SPOT X 199071 - current
SPOT PAN 1990/1 - current
Aerial photos Historical/current
Airbome video Not yet operatic i SA
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8 INGITAL IMAGE PROCESSING .

Many types of remote sensing are recorded in digital form, This is sccomplished by
imaging systems that collect and measure radiance iniensities at » points in a rectilinear
pattern. The sampled intensities are first translated into proportional electronic signals and
then encoded into numerical equivalents as integers (analogue fo digital conversion) from
which the digital image can be constructed. Digital remote sensors inclvde most electro-
optical systems, imaging radars, passive microwave radiometers and imaging sonars,
Digital image processing encompasses four major areas of computer operation (Moik
1980):

i. Image Restoration or Preprocessing: Computer routines correct a degraded digital
image to #s intended form, usvally a precursor to the following steps.

b3

Image Enhancement: computer routines improve the detectability of objects or

patterns in a digital image for visual interpretation. These techniques can be

broadly classified as: contrast manipulailon - grey-level thresholding, level slicing
and contrast stretching; spatial feature manipulation - spatial filtering, edge
enhancement and Fourier analysis; multi-image manipuiation,

3. Tmage Classification: Quantitative decision rules classify or identify objects or
paiterns on the basis of their multispectral radiance values (as such, the snormal
ouiput is analogous to an image map requiring fitile or no visnal interpretation),

4, Data-Set Merging: Computer routines integrate multiple sets of data from the same

location such that congruent measurements can be made (representative types of

information include geographical, geological, geophysical, geochemical and
multispectral radiance data.

8.1 Ymage Classification

Automated digital analysis or image classificatunt is an information extraction process that
involves the application of pattern recognition theory to multispef.:fral images. Its function
is vo improve detectability of objects or patterns in a digital image for visual interpretation.
Simply stated, image classification analyses spectral properties of various surface features,
for example, crops in a multiband image and sorts spectrai gata into spectrally similar
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categories by the use of predefined numerical decision rules. It follows five basic steps:

1. Training Class Selection: The initial step involves defining image
properties ie pixel digitai number (DN) values, that represent a group of
information or training classes.

Generation of Stafistical Parameters: Statistical algorithims are ased to

!Q

define the unigue spectral characteristics (spectral sighatures) of the training
cla.ces. Typical statistical parameters inclade class means, siandard
deviations, covariance matrices,and correlation matrices. The siatistical
descriptions are used to ‘wrain’ the classification algoyithm.

3 Data Classification: The ‘trained” classification algorithm assigns each

* pixel composing the data set of interest to one of the training ciass
categories, .

4, Evaluation and Refinentent: An assessment is made of the classification
accuracy. Returning to step 1 and repeating the process is requlred if the
classification resuits are judged to be unacceptable. A common reason for
classification refinement is the excessive speciral overlap between
categories. |

5. Documentation: Once a final classification is acceptable, the resuits are
documented in the form of maps and tabular summaries. |

Two primary approaches can be used for-defining training classes ; unsupervised and
supervised, '

1. Unsupervised classification uses an automatic clustering algorithm tha; analyzes
the “unknown’ pixels in the data base and divides them into a number of spectrally
distinct classes based on their natural groupings ie clusters in s-spectral
dimensions, The analyst specifies the number of spectral classes into which the data
are to be grouped. The spectral classes defined by the clustering algorithm ac *hen
used to classify the entire data set. After the classification is completed, the analyst
must identify the cover type represented by each spectral class by ground truthing
and using various types of reference information ep colour infrared images,
photographs, published data, field reconnaissance data ete. Only then are cover-
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tvpe labels assigned to speciral classes. Ge.'ﬁerally, as the number of spectral classes
increases, the ability to identify each class becomes more difficult.

Supervised classifications use arcas of known cover type in the image which are
specified as training areas. Statistical measures are generated for the training areas
and input to the classifier which then determines other areas in the image that have
similar spectral characteristics. Supervised classification usvally requires less
coepuier thiug to execute than unsupervised classification because it relies on
explicit analyat guidelines and <Joes rot require a clustering step.

8.2 Advantages of using Satellite Remotely Sensed Data

Satellite remotely sensed data have a number of advantages over fraditional methods for
wetland inventorisation purposes: '

The wide area coveragé. and repetitive nature provides the opportunity for seasonal
and ofien timely monitoring of large complex areas as well as distant and
inaccessible regions such as the Okavango Delta (Hutton and Dincer 1977).
Obtaining the wide area coverage sacrifices the detailed resolution available from
aircraft. '

Satellites can provide synoptic, quantifiable, objective and repetitive information
of features on the earth’s surface (Carter et al 1977),

The digital nature of the data enables objective, rapid and automated interpretation
of imagery to be undertaken as well as efficient transmission, storage and updating
of data. v
The discriminative abiliiy of different wavebands of the electromagnetic spectrum
provides additional information of speétrat responses of land cover not previously
available,

The different resolutions of data ranging from 80in to 10m and less, particularly
with the increasing availability of Russian satellite data, can now provide managers
and researchers with accuracies that can meet most needs. Previously Landsat data
was considered to be useful for mapping broad categories of vegetation and
obtaining real estimates at Level 1 mapping {Gammon et al 1979; Jensen et al
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1986). Now level 2 mapping is considered feasible with TM and SPOT dasa.

0. Using satellite data in terms of manpower, time and money if employed properly
is potentially highly cost effective. Surface reference data investigations carried out
by a few people, in a short time, over relatively lisnited areas can serve as a basis
for classification and be cxpandéd 1o larger areas (Gervin and Shib 1979).

7. Sateilite data and resulting classifications can be stored Oh & compuler and
interfaced directly with other geographic inform: -~ “n thereby providing up to date
information on a particuiar area.

8. The ability of satellite imagery for dynamic hydrologic conditions, both spatiaily
and temporally, has significant ramifications and may provide guidelines for
wesland management.

8.3 Disadvaniages of Using Satellite Remotely Sensed Data
The down side of using satsilite data involves the following factors:

t.  Cloud cover obstrunts data acquisition. The time of year and the seasons play a
_ signifiﬂ#tat__‘role in obtaining suitable imagery.,

2. Landsat fixed orbit means that there is a delay period of 16 days between
overpasses. The oppoi'tunity, therefore {0 capture optimum conditions zﬁi}\y rot be
available. |

3. The amowit of light 4 feature or object reflects in various’ wavelengths forms the
hasis of discriinination by remote sensors using multispectral techniques (Avery and
Berlin 1992). Often the spectral characteristics of different types of vegetation are
t0 .. Ay related and diginal separation i3 often very difficult. Variation in
vegetation densities, mixtures of species or different stages of growth will affect
speciral signatures and identifying land co er types be obtained, Remote sensing
techniques can significantly reduce the amount of field data-required but do not
eliminate the need for data collectios. Furthermore surface reference data are
needed that can be tailored for use with remotely sensed da{n%m' example, fand
cover classes should include stage of growth and canopy cmmr

4, Despite the application of sophisticated herdware, software and advanced numericel
processing techniques, tlvé end result does not always meet with expectations. (Viok
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and Zietsman 1992/1993), Research reports oflen cite limitations in the digital data,
such as low resolution, the lack of mu!titcmporai datasets, inadequaciés in the
ground truth data or the complexity of the target area as the cayse for poor results. -
It is implicitly assumed that the analyst is capable and completely obieétive,(” )

rational and without limitations. Rarely, if ever, are low classificarion accuracies ‘} o
attributed io errors of judgement or lzck of knowledge or insight. 7
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9 METHODS AND RESULTS (Fig 9 Overlay - Map Pocket)

The methods employed *o extract and interpret information fine pans in the study avea from
the available Landsat TM da.a aré stand-alone techniques. Thu%, for case of readmg
methods and results arc ombined in this chapter.

The choice of Landsat TM data is warranted as a time saving device-as it would be
virtually impossible in the time frame available for this study to visit ev-ry pan in thé ficid
area and map it. The satellites of the Landsat series ave speciiivally desigued to assist in
the sur\?ey and management of the earth’s natural resources by providing sepetitive globel
multispectrai coverage.

Two scenes of the field area in digital data form were available: WRS - 172-78D
- {southwest quadrant),'acquired on 03, 12. 86., and WRS - 172-78D, acquired on 2€. 06.
92, The scenss were peoreferenced across all seven bands vsing {:50 000 topocadastral
maps, (SA topographic sheet numbers 2623AD, 2623BC, 26257RB and 2625DA) with an
error maximum of 20 meteys, These data were georeferenced to a Universal Transverse
Mercator projection, zone 35, (Clarke 1880, spheroid), The georeferenced scenes were
then warped using a second ordes polynomial transformation and the area of interest
extracted to an accuracy of within one pixel. In other words, the area of interest extracted
from both da:asets correspond with each other 1o within one pixel:

A groundtruthing field trip was undertaken in mid-December 1994, The vainfall for the

season to mid December bad been extremely low and the only pan which contained water .

was Barberspan with a consequent concentration of waterfow] on its waters, The pans in
the Harts palaco-channels such as Leeupan which normally have some standing surface
water at this time of year were ail dry. All the vegetated pans were dry, though they could
be identified as shallow depressions in the landscape with a denser and in many cases
different grass and forb vegetation cover to the surrounding lands. It was therefore
difficult to relate in ferms of vegetation what was on the ground at that point in time to
the 03, December 1986 scene since the rainfall for the season to that date had been sume
230mm. Hence, the vegetation cover would have been significantly different, Furthermore
land-use and crop cover in some areas have changed in rhe Lteivening years as have
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managemeut practices and buming regimes i the Barboerspén Natore Reserve, It x%lea}
to have access to current Landsat T™M data to relate specira! response of vegetation in
parficular. to what is on the ground at that specific point in time. However, with use of
vintage Landsat TM data i is possible to locate pans of varying size and morpholog -(in
the landscape, Please refer to Fig 9, overlv - map pocket for site location.

9.1 Speciral Reflectance (Fig 9.1}

Spectral reflectance is the paﬁion of inciticit energy that is reflected, The fraction of

energy veflected at o particular wavelength varics with differeat earth features which in

tusn varie - -t different wavelengths (Fig.9.1.). Thas two feaiares that are indistinguishable
in one speciral band may be very different at another wavelength (Colwell 1983b). The
vegetation response works in the following way:

9.2 Vegetation (Fig 9.2, Fig 9.2.1, Fig 9.2.2)

Maximum reflectance from vegetation occurs in the near infra-red (IR) region of the
elctromagnetic spectrum. The spectral character of light reflected Ly a normal plant leaf
is controlled fargely by two groups of cells (Fig 9.2}, '

i. I’aii_sadé cells - long narrow celis below the upper epidermis which contain manj;
chléroplasts with chiorophyll pigments (2 and b} that absorb most blue and red
light for photosynthesis and efficiently reflect grees light. Up to 20% of incident
green light is reflected by the chloroplasts in the normal functioning of a plant,
causing the green eolour of leaves as perceived L the human visual system (Rees
19900). Other plant pigments such as cardtenoids, Scanthophyl]s and anthocyaning
will also have an effect if present.

2, Mesophyll cells - below the palisade layer are the spongy mesophyil cells, where
oxygen and carbon dioxide exchange fakes place. This layer consists of mesophylt
celir 2«1 mimerous air spaces. Near IR radiation is unaffected bv ihe chloroplasts,
but is strongly reflected by the spongy mesophyll, Most of the reflection takes
place at the cell-wall/air-space interfaces. It is not uncommon for more than 50%
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of incident near IR radiztion to be reflected upward threugh the leaf, with most of
. vemainder being trandmitted through the bottom of the leaf.

IR reflectance frous varit;us wvpes of healthy vegetation differs becaus _bf lea’” mesophyli
arrangements. For example, a in_aizs feaf has a relatively compact mesophyll, which is
responsible for reiatively low in?rared reftectance and high transmittance. A Jeaf with a
more porous mesophyll, in other words, .;ﬁénjf-‘\wail-air interfaces will have a higher
infrared reflectance and lower transmittanice. Cooseqr sly, diffevent species (or
morphological/phenological groups) are spectrally separable (Fig. 9.2.1).

Leaf age is also a cause of variation in infrared reflectance, for example immature citrys

leaves have compact 1ts mesophyll wiih few air spaces (lower IR reflectance), whercas
the mature leaf is spongy, with many air cavities in its wesophyll {higﬁer R réﬂecianoe)ﬁ
(Gausman 1974) and are thersfore spectrafly different. A spaces do nat start to jorm in
a cttton leaf unti] it attzins ona-fourth to pne third its full size. Other condites that can
influence the level of IR reflectance fyom vegefation include the water contert of the
leaves, density of growth, canopy structure, season of growth and twpographic location.

Wher: 2 hwlthy plant becomes strained by some type of stress in its environment, changes .
occur in its spectral response (Fig. ©.2.2). Changes in the typical reflectance property of
a ;Jant leaf as it wrogresses from a healthy state (hrough different stages of damage are
as follows {Murthz 1978)

1. The {eaf is healthy; peak »1sual reflectance is in the green region (about 20%),
with Jower seflectance in the blue and the red regions (about 10% each). There
is considersbly higher reflectanve in the near IR region (about 70%).

2. The leaf has incipient damage which is accompanied by a drop only in near IR
reflectance (bout 10%). This diminution is caused by the collapse of some of the
air cavities in the mesophyli,

7

The leaf has chronic damage and its colour changes from green to yellow, caused
by chloroplast deteriovation which increases red reflectance. At near IR
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wavelengths, the yellow leaf has about 5% less reflectance than it had in stage 2.

4. 'The leaf is dead and its colour becomes red-brown. The major spectra changes are
the ]dés of the green peak, an increase of red reflectan:~ and the loss of the high
shoulder of near IR reflectance beyond 0.7um. As th' stage, the leaf's cell
structure has collapsed and the leaf becomes dry and brittle,

The spectral reflectance and transmistance of a plant canopy of a given du, *h and random
leaf orientation are functions of total leaf area, an absorption coefficient, a <wattering
coefficient and the background 1ci'cetivity. The coefficients are related to the geometry
of the canopy and the optical properties of individual fcaves. These differences torm the
basis of plant conununity discrimination. In agricuitural crops fFore are also culturai
impacts such as planting in vows, planting dates and densities witich may be manifested
in the overall patterns. On the other hand nawral plant communities exhibit different
heterogenous mixtures and associations. |

9.3 Soil Ret_'iectance

“The factors that influeace Soil reflectance act over less specific spectral bands than witn
vegeration {Rees 1990). Some of the factors affecting soil reflectance are moisture content,
soil texture {proportion of sand silt and clay), surface roughness, presence of iron oxide
and organic content. These factors are complex, variabie and interrelated. For example
the presence of moisture in the soit will decreasc the reflectance over a wide bandwidth.
As with ve:getatiim, this effect is greatest in the water absorgtion bands at about .4, 1.9
and 2,7um. Clay soils also have hydroxyl absorption bands at about 1.4 and 2.2pun. Seil
moisture costent is refated to the soil fessure - coarse sandy soils are usually well drained,
resulting in low moisture content and relatively high reflectance; poorly drained fine
textured soils will generally have lower refleciance. In the abscnee of water, soil will
exhibit the reverse tendancies: coarse textured soils will appear darker than fine iextrred
soils, Theretore the reflectance properties of a soil are consistent only within particular
raiges of conditions. Two other faciors that rednce soil reflectance are surface roughness
and arganic maticr confent, The presence of iron oxide in a soil will significantly decresse
reflectance, particnlarly in the visible wave lengihs. '
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9.4 Water

The most distinctive characteristic of the spectral reflectance of water is the energy
absorption at near-infrared wavelengths (Avery and Berlin 1392}, Water absorbs energy
in these wave! agths whether they are water bodies or water contained in vegetation or
soll. Locating and delineating water bodies with remote sensing data are done most readily
m near-infrared wavelengths because of this absorption property. However, water
conditions mumfest themselves maialy in the visible wavelengths and ihe erergy—malter
interactions are complex, dependling upon a numbgr of interrelated factors, For exampls,
the reflectance from a water body can be a product of specular reflection with suspended
material or with the botom of the water body depending on the depth.

Clear water absorbs refatively little energy having wavelengths less than 6um. These
wavelengths typify high t:ansmittance, with a maximum in the blue green portion of the
spectrum, However, transmittance changes with turbidity and therefore reflectance wiil
change. For example, wawers containing large quantities of suspended sediments restiting
from soil grosion usually have much higher visible reflectance than clear waters in the
same gmg:[\ hic area. Similarly, the reflectance of water changes with chlorophyil content
of algac contained within the water body. Increases in chlorophyll concentration tend to
decrease water reflectance in blue wavelengths and increase it in green wavelengths, These
spentral reflsotance changes have been used to monitor the presence and estimate the
changes in the concentration of zlgae in water bodies using remote sensing data.
Reflectance data have becn used to detect the presence of pollutants such ¢ 9il and certain
types of industrial waste,

Temporal and spatial effects influ. ~ce virtvally all remote sensing data acquisition. These
effects are an additional complication in the issue of analysing reflectance properties.
However, the process of change detection is premised on the ability to measure temporal
effects. Temporal effects are any factors that change the spectral characteristics of a
teature over time. For example, the spectral characteristics of vegetation are in a nearly
continual state of change throughout the growing season. These changes influence the data
collection for a particular application. Spatial effects refer to factors that cause the same
type of features, for example crops, at a given point in tinie to have differem
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characteristics at different geographic locations. Furthermore, it should be borne in mind
that in addition to being influenced by temporal and spatial effects, spectral patterns are
influenced by atmospheric effects between sensor and ground.

.5 Multiband hinaging

With Landsat TM imagery a number of differant compinations of spectral bands can he
chosen which wiil influence the level of information that ¢« be extracted from the image.
As mentioned in chapter 7.2, Landsat TM data comprises seven spectral band's, each of
which is a measurement of reflective energy within discrete ranges of the electromagnetic
spectram, over the same ground arca. Thus sevep images are available, from which can
be extracted different types of information. For example, from the visible light band-
passes; ‘bands oﬁe, two and three it is possible fo show internal detail within water
bodies, such as depth, turbidity and deposition features. On the other hand, infrared
wavelengths are strongly absorbed by water {Avery and Berlin 1992). Therefore any image
including spectral bands 4 (near-infrared), 5 (middle-infrared) or '7m(far-infmred) will give
an indication of water extent but not detail. For the six non-thermal TM bands 6%/2
diffurent three band-pass (ted, green, blue: RGB} colour composite images can be
produced. A ‘natural’ colour compasite can be created by projecting band-pass 1, 2, and
3, positive images through blue, green and red light, respectively. A cclcur infrared
composite can be generated by projecting band-pass 4, 3, and 2 positive images through
red, green and blue light, respectively, Other three band-pass combinations can te colour-
composited to enhance features of special interest. For example a useful one for rock
discriminations is a false eolour composite of bands 1 (blue), 4 (green) and S represented
in red.

9.6 Band Combination 4, 3, 2, 03 December 1986 (Fig 9.6, Fig 9.6.1 Map Pocket,
Fig 9.6.2 Overlay-Map Pocket) |

Band combination 4 {red), 3 (green} and 2 {blue) gives an indication of general land-cover
and use. To reiterate, band 4 (wavelength range 0.76-0.90 um, near infrared) operates in
the best speciral region to distinguish vegetation varieties and conditions. Furthermore,
since water is a strong absovber of near infra-red it is also useful for locating and
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Figure 9.6 Band Combination 4, 3, 2, (RGB) 03 December 1936
Scale: 155 000



delmeatm water bedies, dtsnngunhmg between dry and moist soils and provzdmg_
mformaty(m ahout generally wet arcas. .

Band 3 {wavelergth 0.63-(.69 um, speciral location - red) senses in 2 strong chlorophyll
absorption region and a strong reflectance for most soils. It is therefore & useful band-
pass for discriminating vegetation and soil and for defineating urban and rural areas

Ban 2 (waveleagth (.52-0.69xm, specival location - green) covers ihe green reflectance
peak from leavers @t can be wseful for discriniinating broad classes of vegetation. It is
alse sensitive 1o water turbidity,

In tius early December 1986 4, 3, 2, band combination (Fig.9.6), 2 strong vegetatmn

' h”?Sponse (red, band 4} iz seen in the Harts floudpinin and in the palaco-channe! of the
Harts River around Barberspan, Leeupan and the stnng of pans K.ippan and Witpan in the
northeat co /):ner of the scene and around Boskop pan : *hie south west corner. The rainfall
for Se"tember, Qctober and November for 1986 was approximately 230mm. The
response on the Haris ﬂoodphu_n is the growth of grase and sedge and Jow forb
communities which are displayed as tonal differences (in the spectral locations of green
and red) and textures. Around the. pazs in the palaco-channel of the Harts river, and
Boskop Pan which lies in another palaco-chasnel arm of the tiver, the land #s uncultivated,
The vegetation Tesponse is t0 grassland and shrub communities (See Fig 9.6.1 for site
locations)

In response to the reasonable rainfall, the farm lands in this scene would be newly
cultivated and crops in the process being sown {mainly mealies) and the greenish hue is
primarily a soil response rather than vegetation cover. The deep red colour and more even
textures evident in the fields around Damascus Pan and other locations in the scene are
a response to cultivated grass' covar, Belts1 of eucalyptuy species (blue-gums) associated
with farmhouses and along roadsicer <an be detected. The area around Kopela pan
comprises communal! land in the former Kenana locati n and consists of varied
communities of grasses and acacia shrubland and the response is one of soil and
vegetation cover, Kopela pan occurs on a calerete outcrop and the soil shows up as being
very pale and the vegetation cover as sparse in soine areas, probably as result of grazing -
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improts.

In the northwest corner. of the seene el ﬁe seent the begifinings of the headwaters m{thc
Sepane river, a tnbutary of the Molopo River, indicating a cliumge in direction of dmm:tgé
towards the northwest. This area is uncultivated and the 603011r response is 0 a chang"' i
soil type - in this case an encroachment of Kalatwari sana overleying the Vﬂmcrsubrp
lavas., 'I”l!cre is a red vegetation response along the chanuels of ti!e mhutary.

Y

e

. 'The pans &uch cleat‘y show up as containin;: water are thnse whlch“ e in the '*-ﬂflf)ﬂ-

}//annels of the Harts rive:. and a few ouiside such as Kopela Pan. *’I'here Apme
veness in the colowration of water in "larberspan ;ndlcatlim perbnps dif¥, ‘rence-l Mmoo
tf?i\fb or turbidity, Barberspan, in this scene, 13 oniy parttaliy filted with the, skallow "

n)pnh end of the pan exposed. Therbotiom of the pan does not have ﬁle characteristic
of a pan that regularly dries out and is, or has been subject, \\to deflatmn n

corf tmes. e ‘“;

i P - i!

- BT . ¥
{\ # \_ ) "\

Perhaps the most important feature of this scene in terms of pans iy, | mtxé? of smaller
egetated pans. These vegetated pans dppear as’reddish cxrcular shapad entities in the
' landseape, miany of them isolated in the cultivated lands. Some of them have been fenced--

off and show up as square-siraped-with a change of hue towards the centre. «Some of these

vegetated pans indicate that they are vegetated over their whole surface, others are
distinguished by a rinz of vegetation and a moisiure res;:onse towards the centre. These
pans exist us vegetation islands in the cultivated Iands and this probably where their true
value Hes. Their ability to retain water is variable and so too are the plant communities
in and around them, |

by
g

Within the cultivated! lands are circular shaped entiiies showing up as a soil response. They
appear to be non-vegetated depressions, the soils of which are ploughablc and can sustain
crop growth.

)

k!

9.7 Band Combination 4, 3, 2, 26 June 1992 (Fig 8.7, Fig 9.7.1 Map Pocket)
In this midwinter scene, the vegetation 1esponse in the near IR has been lost ex~apt in the
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Figure 98 Band Combingtion 7, §, 4, (RGB) 03 Decenaber 1986
Scale 1:155 000



belts of blue-gum trees, The witole landscape is drier and the response in the cultivated
lands is a product of soil moisture loss and crop remnani. The vegetated pans ave still
distinguishable but not as cleatly in the summer scene. The smaller pans in the Harts
Palaeo«chamnel.hiwé Jess weater in them thas in the summer scene, However, what is very
clear is ihet Barberspan contains more water than in Decuaher 1986 and the surface area
of water is greater.

9.8 Band Combination 7, 5, 4, 03 Deceinber 1986 (¥ig 9.8, Fig 9.8.1 Map Pocket)

Band 7 (red), 5 (green) and 4 {blug} pick up information in the infra-red portion ol tie
alectromagnetic spectrum Jand 7 (wavelength raﬁé!,e ?...(_"‘~2.31§pm, mid I¥) coincides with
an important absorption band caused by hydron: minerals such as clays, micas ar” ome
oxides and suiphates. This band-pass is therefore valeable in lithoiogic mapping and for
detecting cloy alteration zones (dark inw.ge 'intensities) associated with mineral deposits
such as copper. It is also sensitive {0 moisture cdhtent in both vegeiation and soils, Band
5 (wavelength 1.55-1.75 pm mid IR) is analogons to band 7 in that it is responsive to
¢hanges in leaf-tissue water content {reflectance decreases as water ¢ontent increaws)-
which can be related to plant vigour or different species. This band is sensitive to the
presence ot wbsence of iron in rocks.. (reflectance increases as the ferric iron conteni

increases). '

The vegetation response in band 4 shows up as bluish hues and the soil response as a
product of moisture and organic mastur and mineral content as brownish-yellc. .iues, The
encroachment of uncultivated-Xalahari sands in the northwest corner of the scene is again
clearly depicted as is the communal jand arouid Kopela Pan. The pans containing water
or with 2 high moisture content of the pan soils within, manifcst themselves as being very
dark..

9.9 Band Combination 7, 5, 4, 26 June 1992 {Fig 2.9, Vig 9.9.1 Map Pocket)
The overall greenish hues in this dry winter scene indicate a strong response in band 3,
probably as a product of the mineral cortent of the soils. The bluish tinge is a product of

crop reimmants. The pans in the palaco-channel to the north of Barberspan show a distinet
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Figure 9.9 Band Combination 7, 5, 4, (RGB! 26 June 1992

Scale 1:155 600




Figure 9.10 Band Combination 7, 4, 2, (RGB) 03 December 1986

Secale 1:155 000




brownish signaiure, as does Damascus Pan, which is probably. a consequence of moisture |
and characteristic pan soifs. Boskop Pan in the south west corner of the scene shows up
as white, indicating a different in moisture and soil type in the pan. The characteristic
calurettes to the south of these pans show up as being slightly lightar entities than their
immediate surrounds. Barberspan shews up distinctly as a water body, with its surface
area extent clearly delineated.. ’

9.1¢ Band Combination 7, 4, 2, 03 Decembvy 1786 (Figure 9.10}

This band 7 (red), & (gr. ...} and 2 (blue} combination is useful visually since the strong
vegetation response shows up as green, cuitivated Jands as red-brown (no crop cover) and
standing water as blve. The areas of vegetation, including vegetated pans are readily
distinguished and the calcrete caluneties associated with the pans in the palavo-channel of
the Harts river can be distinguished as higher albedo entities beneath a vegetation mantle,

9.11 Class Discrimination (Fig 9.11, Table 9.11 Map Pocket)

The spectrai reﬂec*mu characteristics of vegefation, ‘\‘»Oll and water are normaily spectrally
separable and resuﬁrt in spectral response patterns rather than gpectral signatures (see fig
9.1). The degree of separation between types is function of where one looks spectrally.
The term signature tends to imply a pattern that is absnlute and unique which is not the
case with spectral patterns observed in the natural world, Speciral response patterns
measured by remote sensors may be guantitative but not necessarily unigue.

Six classes were selected in the study area 1o determine spectral differences.

Beach - onter surface area of a range of pans.

Crops - standing bivmass in cultivas~d lands.

Water - standing water in pans.

Riparian vegetation - vegetaiion on the Harls River ﬂoodplam

Sl S A o

Barberspan vegetation - around tii¢ perimeter of the pan.
6. Geology - geological outcrops.
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The mean of the histograms across band-passes 1-5 and 7 were extracted from a number
of sample sites in each class and -the mean, median, variance and standard deviation

calculated for tte sampdes (Table 9.11). The spectral reflec' ce curves for each class

wese plotted digital numbers {DINs) azaist bands for each class. From Figure 9.11 it can

be seen that there is no recognisable discrimination in bands § and 2 between classes. In

band three, riparian vegetation pnd water are spectrally very similar and the most probable

reason is the silt content and or depth of water. From band 3 fo band 7 there is spectral

sepasation between the classes which becomes more distinct with water displaying

characteristic energy absﬁrgtion in the IR wavelengths.
. ’

N

w3

9.i2 Transformed Vegetation Index (TVD)

Linear data transformations have been developed for vegetation monitoring with Jiffering

sensors and vegetation conditions dictating different transformations. For examaple, Kauth
and Thomas [1276), derived a linear transformation of the f-.)u.r MSS hands that established
four new =xes in the spectral data that can be interpreted as vegetation components useful
for agricuitural crop monitoring, This “tasselled cap’ transformation rotates the MSS data
such that the majority of informa{i:ion is contained in two components or features which are
directly related to physical scene characteristies: )

1, Brightness is a weighted sum of all bands and is defined in the direction of the
pﬁncip!e variation in soil reflectance. o

2. Greenness is approximately orthogonal to brighiness and is-a contrast between the
hear-infrared and visible bands. Greenness is strongiy related to' the amount of
green vegetation.present i the scene.

Brigutacss and grecnness fogether typically express 95% or more of the total variability
in MSS data and have the characteristic of being readily interpretable features generally
applicable from scene to scene (once iflwmination and atmospheric effects are normalised).

Crist and Cicone (1984) extended the tassﬁlied cap concept to Landsat TM data and found
that the six bands of reflecied data effectively occupy three dimensions, definin, planes
of soils, vepgetation, and a transition zone between them. The third feature, wetness,
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Figure 9.13 TVI (Grerscale) 03 Decemiber 1986
Seale 1:155 000
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Figurje 9,14 TYI (Greyscale) 26 June 1992
Scale 1:155 000



relates to canopy and soil moisture. |

Another vegetation index - the transformed vegetation index {TVI) is a measure of
vegatation vitality. Vegetation s strongly reflected in the short-wave infra-ted portion of
the electromagnetic spectrum and absorbed in the red pertion of the spectrum, The TVI
is a linear combination of radiance in thesc portions of the spectrum electromagnetic
spesfram (EM; »nd is expressed as follows:

DN4-DN3

5)%5%1
D43 ) A1

TVI=(
where DN3 and DN4 coirespond 1o the Digitat Numbers in bands 3 {records radiance in
the visible-red part of the EM spectrum) and 4 (records radiance in the short-wave infra-
red portion of the spectrum), respectively. | |

Ground reference data have sho"xém the TVI to be proportional to the amount of green
biomass present within each pizel, TVIs can be calibrated by relating ground-based
biomass measurements from sites within a particular Lundsat TM scene to the
correspondihg TV1I values, Separate calibration relationships must be established for each
cover type and these become the quantitative basis upon which to depict the biomass
present in similar sites throughout the scene, The TVI is useful for reconnaissance
mapping as it provides a broad discrimination between different plant communities.
However, as it employs only a smal! portion of the EM spectrum, its ability to resolve
detail is hampered. -

9.13 Transformed Vegetation Index {Greyscale) 03 December 1986 (Fig 9.13)

In this greyscale TVI image areas of low biomass are depicted as being dark and areas
with high biomass as beiny light. Thiz TVI is useful in terms locating vegetated and non-
vepetated areay in the scene. It is evident that most of the farmland areas are still bare of
crop growth. In those lands that do have a vegetation cover it is possibie {o distinguish
cultivated cropeover by the intensity and evenness of tone such as in the lands around
Damascus Pan. The smaller fields of the old Kunana Location are also easily distinguvished
m the rortheast and northwest corners of the scene. The Harts Floodplain has a light-toned
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uneven signature indicating a high vegetation biomass but that it is variable aﬁmss its area.

The areas around the pans, Barberspan, Leeupan, Klippan and Witpan in the Palaeo- |

channel of the Harts River have a Hght oneven toned signature indicating that the area is

uncultivated with a mixed vege;atnon bxomass In contrast, the lands to the west of E

Barberspan with a crop wver (pmbaoiy grass caver) have an more cves, llg‘\ter responw
The communal lands around Kopela Pan, have an uneven dark grey signature indicating

-

_ A . Lo
a mixed ground cover with a fairly low L ;m The Sepane river (fributary of the

Molope River) area indicates a fairly iow tilomass except in the river COUrSes,

The vegetated pans in the_'___non-vege_tated lands are easily t!'slinguishable :ho’ugh detéiil is
lost where the lands have a c1op cover. The vegetated par.  2an be dnsmxgmshed in some

cases by a lighter. sngnature and a roughly circular shape. It is also evident that the iarge "

P
. o

palaeo-chanael ‘pans aind Damascus Pan and Kopela Pan are entirely different in nature - |

with vegetation '--;nnﬁﬁed to their edges and not continuous zcross their suﬁéges.

9.14 'TVI (Greyscale) 26 June 1992 (Fig 9.i4)

b 0

In this winler scene the sigfnatmes ar“ﬁ lot more even with conseguent loss of detai.
&
. However the dark tones of the Harts Floodplain indicate a loss of biomass as the

vegetation has died ,ék There seems to be loss of biomass around Kc)pela Pan

{communal lands} and around Witpan. There is still a fairly strong, momass bi"iﬂ in

the .Sepane water course, The light greyish to white fones in the cultivated’ ‘Jands indicate

a vegetation cover {o & greater or lesser extent and is probably a crop remmant.

There is loss of detail in locating the vegetated pans tiough some can be distinguished by

beiﬁg darker than their surrounds (loss of vegetation ) or being lignfer in which case they

are carrying more vepeiation biomass. Straight line belts of blue-gum trees can be -

distinguished by their very light signatures.

9.15 TVI (False Colour Compuosite) 03 Dec 1986 (Fig 9.15, Fi ig 9.15.1 Map Pocket)

f
Dlgital images are generally displayed as additive colour oompos:tes using te three
pnmary colours: red, green, blue {RGB) (Colwell 1983a). 1n an RGL ‘colour cube which

J4
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Figure 9.15 'TVI (False Colour Compsite} 03 December 1986
Scale 1:155 000




is defined by the brightness levels of each of the primary colours, for a dispiay with & bit '

per pixet data encoding, the range of possibh. digita! numbers (DNS) for each colour
comporent is 0 m—"'iﬁ Hence there are 256’ possible combinations of red, green and
blue DNy that caﬂ be displayed. Every pixel in 2 compesite display may be reprcsented

by a 3-dimensional cor/rmratf: pﬂmtmn somev.here within the colour cube, ’i‘he line from

the origin of the cube i the opms:te coraer of the cube is known as the gres - line since
DNNs that -lie o this Loe hdve sgual compenents of red, green and blue.

! \

nnother way of duscnhmg colw*a;w is to use the 1ntensny—hue-.aaturatmn (1tS) system

(Pohq} 19833.} Intensity reiaws to the total bngh*ness of the colour; hue refers to the' |
dommaﬂt average wavelength of light contributing to the colours saturati‘tm specifies the .

gunty of colour relative to grey. One approach is called the hexcom,‘ gmuel and it involves
the projection of the RGB golour cube onto a plane that is perpendmﬂﬂ hm the grey line

and tangeft to the cube at the corner farthiest from the origin. the resulting pro_;ecnoﬁus - |

a hexagon. If the plane is moved from: white to black 2long the grey I'ne succeaapxely

smalier subcubes are projected and a sena;fof hexagons of decreasing size results, The '

hexagon at wh:te is the Iargest and the hexaﬂon @t black degenerates to 2 pm-zt.\. T

In thc:'heanc model intensity is defiied by the distance along the grey line from black

to any given hexagoral projection. Hue and saturation are defined at a given intensity,
withiin the appropriate hexagon. Hue is expressed by the angle around the hexagon and

saturation by the distance from the grey point at the centre of the hexagon. The farther a
point lies away from the grey poini, the more saturated the colour.

In this December 1986 TVI, the greyscale has been converted via the intensity-hue~

saturation model and stretched and assigned RGR, cblour_"cqmpénents so that blue is
assigned to 0, ranging through green, yellow, orange, and red zi 255. In this colour
composite it is easier to visualise the biomass response. The strqgigest response is evident

in cerfain of the cultivated lands and some of the vegetated pans. The vegetated pans stand .-

out cicasly in the cuttivated lands, & does v uhealtivated land around {the palaeo-channel
pans. It is clear ihat the Jand around Damascus pan is cultivated and from groundtrathing
consists of cultivated grassland The area around Boskop Pan consisty of grassland and
bush.
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Figure 9.16 TVJ (False Colour Composite) 26 June 1992




9,16 TVI {false Colonr Composite) 26 June 1992 (Fig 9.36, Fig 9.16.1)_

The loss of biomass in tis winter scene is reflecied in the blue-green colour tones
throughout the image and the loss of pan detasl, particularly in dhe vegetated pans, The red
high biomass respoose is given by belts of blue-gum frees.

9.17 Principal Cwi ponents (Fig 9.17; Figuves 9.17.1, 9.17.2, 9.17. 3 Map Pocket)

Extensive inferband correlatios: is a problem frequenily encountered in the analysis of
tanltispectral image data {Jor.o.nt and Waltz 1979). That is, images generated by digital
data from various wavelengths often appear similar and convey essentially the same
informaticn, 'Plincipa! component transfotmation is a techniqee designed to remove or
reduce such reduadancy in multispectral datz. This transfor:nation may be applied as an
gahancement operation prior io visual interpretation of the data or as a preprocessing
procedure prior to autonwted clagsification of the data, In the latter context, the
transformation generally increuies the computational effir, wacy of the classification process
because of a reduction in the dimensionality of the original data. In other words, the
purpose of this technique is to compress all the data information contained in original n-
channel set intu fewer than n *new channels’ or components, The components are then
used in licu of the original data. For channels of multispectral data, the first principal
compone it {PC1) includes the largest percentage of the total scene variance and succeeding
components (PC2, PC3,........ PCn) each contain ‘& decreasing percentage of scene
variance, Furthermiore, because successive components are chosen to be orthogonal to all
previaus ones, the data they contain are mcorrelated.

Consider a two-channel dafa set. Superimposed on the bund A/band B axis sysiem are twe
new axes that are rotated with respect to the original measnrement axes and that have their
origin at the mean of the data .distribution. The form of ihe relationship necessary to
transform a data value in the origina! band A/band B coordinaie system into its value in
tiwe ilew axis 1 (defines the i ion of PCI)/axis 2 sysiem (defines the direction of PC2)
is: _ '

DN, = ,zDNA, + . DN,

DNy, = 5 DNA, + DN,
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where DN; , DN, = digital numbers in the new (principlc component) coovdinste
systemn, |
DN, , DN, = digital numbers in the old coordinate sysiem,
all, al2, 2217322 = coefficients (constants) for the transforination.

In short, the principal component data values aie simply linear combinations of the
criginas data vadues {eigenvector loadings) selected in such a way that each successively
exiracted linear combination or principal component bas a smaller variance,

Principal component enhancements are generated by displaying contrast stretched images
of ihe transformed pixel values. As in the case of ratic images, principal component
ima;res can be analysed as separate black and white images. or any three component
1mageq mnay be combined to form a colour composite. If used in an image classification
pmcess rincipal compenent data are gencrally treated in the classification algorithm
sumply as if they were original data, However, the number of compor-ents used is normally
reduced to the intrinsic dimensionality of the data, thus making the image classification
process much more efficient by reducing the amount of computation required. Principn’
component enhancement techniques are particularly appropriate" where little prior
informavion cosicerning a scene s available.,

Reducing the numbur of image bands input for principal component analysis (PCA)
ensurcs that certain u-uerials will not be mapped and increases 'he likelihood that others
will be.unequivocally mapped into only one of the principal component images. During
ar applications development project (Loughlin 1991) at the UK National Remote Sensihg
Centre (NRSC), a new ond simple methodology was developed far alteration mapping
using ATM and TM imagery of the Great Basin Region of the wesiern United States. The
technique is fast, robust and reliable, and requires no atmospheric or radié;hetric
correction, Furthermore it can be carried out with standard Principle Component Analysis
software, The technique requires only a rudimeniary understanding of the wetral
properties of minerals and vegetation ard it relies on the abiiity of the principal component
to map increasing subtleties of data variance into successive components. No detailed
knowledge of specific targets is required.
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Figure 9.17 Principal Compouent Combination PC4 03 Dec 1986; PC2, PC3 26 June
1992 (RGB)
Scele 1:155 000




The statistical variance in multispectral images is relater’ to the spectral response of
various surface materlals such as rocks, smls and vegetatton, and it 15 also influenced by
the statistical dimensionality of the nmdge data. When multispectral image channels are
{reated as variables and sub]e(,t to transformation, it follows that the ordering of principal
... onents is influenced both by the spatial abundance of various surficial materiais and
by the image statistics. The influence of scene statistics which can be boih measured and
adjusted, in order to ‘force’ the transformation and provide information on the spatial
distribution of particslar surficiai materials. In other words, nsing PCA as an image
interrogation bcchnique.

‘For the purposes of this study, a -ﬁ;odific Mion ' the Loughiin (1991} technique was
applied, using a combination of prmc:pdl compmlo.!t 4 (PC4) trom 03 December 1986,
principal components 2 (PC2) and 2 '* f\%&.lune 1986 {PC4-red, PC2-green, PCS-

blue) were found to extiact maxm:‘ ™ data of the study area in terms of

L]
Ll

pan location (see figs. 9.17.2, 9.17.‘,” ROV

Loy

This principal component combination pxuksnsrl“m i f;i}ps of the shallow, vegetated
pans with a reddish peripheral signature, a ‘beaéh’“"efti«ﬁ,, ; ossibly a moisture response
associated with calcretisation of the pan soils. The same siynature is found in the channels
draining into Barberspan and Lecupan and around the palaco-channel pans. What are
kiown to be caicrete burrow-pits have a very strong reddish response. The blue signature
indicates the pans w1th standing water, However, detail of vegetation in the pans has been
lost. Paler-hued sngnatures in the cultivated lands are probably picking up the non-
vegetated *depressions’. This is a flexible technique in that principal component
combinations from Landsat TM scenes of different dates over a scason will exteact »-w
levels of informatiop.

9.18 Fuzzy c-Means Clustering Algorithm (Fig 9.18, Fig 9.18.1 MapPocket)

The fuzzy c-teans (FCM) is a segmentation procedure that utilises a clustering algorithm
based upon fuzzy set theory (Cannon et 4l 1986). The procedure operates in a
nonparamattic unsupervised mode and uses the fuzzy c—mtéam‘ algorithm in two stages.
The large number of clusters sesulting from this segmentation process are then merged by
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Figure 9.18 Fuzzy c-Means {Greyscaie) 03 December 1986
Scale 1:155 000




use of a similarity measure on the cluster centres. This two-stage prtmdure leads to the !
s.eparauon of classes (hat would be otherwise overwhelmed in any practlca! one-stage:
clustering,

The, analytical procedure used for the location of clusters in multispectral data is a
vatiation of the maximum likelihood method such as CLASSY (Lennington and Rassbach
1979). It operates by inierleaving maximum likelihood iterative estimativn with adaptive
procedure tor splitting, combining and eliminating the resuitant components of the mixture
density. For the extraction of desired information from one-time data (from a single
Landsat acquisition) it is customary to work with a supervised version of the classitication

procedure. The need for”superviqion can be relaxed if several well-spaced acqussitions of | “

the same scene of interest are available and providing that they can be corrected for any
atmospheric and viewing geometry eftects. )

Cannon ef al (1986) describe a two-stage approach to the segmentation of Landsat TM
image data by fuzzy C-medns clustering. In the first stage an image is segmented into
‘coarse’ hard clusters and ai tire second each coarse cluster is.segmented into ‘fine’ hard
clusters. The many clusters that result can be merged back together to ¥ mrm laiger clusters
by a te¢hnique such as construction of the minimum spanning tree, whnch is shown o be
sometimes as effective in performance for the major clusters as is Jabelfing based upon «
priori information. The fuzzy c-means provides a viable alternative to the-maximum
iikeiihood method and is complelclv unsupervised. Furthermore, F&M equations require
fewer arithmetic operations than th- maximum likelihood unef;l,-"and it has shown thai the
FCM requires a smatler number o terations than does.the maximum likelihood method,
A modified Fuzzy c-Means Clus oy algorithm was set up with 20 different classes
which in terms of space are optima + as far apart as possible, An automatic classification
wag run using bands 3, 4, 5 and 7, (3 December 1986, since bands 1 and 2 are essentially
recundant in terms of speciral discrimination between selecfud classes, Fig 9.10is a grey-
scale raster product of the Fuzzy ¢-Means clustering algorithm,

This classification is not particuiarly nseful for detecting pan sites, however, calcretes in
the palaco-channel, aronnd Damascus and Kopela pans and on the Harts River Flood plain
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Figure 9.20 Geology Map of Study Arca
Scale 1:155 000

Al - allyvium; P - pan; Ra - basaltic amygdaloidal Java, agglomerate tuff;
Rr - amygdaloidal lava, tuff; T-Qc - calerete '




can be distinguished as medium grey signatures, The uncultivated lands sround Kopela Pan
and the Sepane Drainage have characteristic signatures. The variable hues across the
cultivated" lands are probably a response to soil and moisture changes. This technique is
again flexible in that different numbers of classes can be run to maximise the amount of
information that can be extracted from each scene and related to features on the ground.

9.19 Pan Locations in Relation to Geology, Soils and Tapography.

.
e o,

HH‘"\' -

Y
Pan locations ware determined in relation to soils and geology dhgi topography using the
following methods: \

A

9.20 Geology (Fig 9,20, Fig 9.20.1 Fig 9.20.2 Gverlay-Map Zocket)
A scanned extract of the Vryburg 1:250 (00 geology map (sheet number 2624; gravity
edition) of the study area was converted to vector data (a set of vectors joined end to end
make an arc¢ ot irregular line with a uniform set of properiies). A map of the geoiogy of
the study area was created fiom the vector data which was then converted to a raster (2
single, related, two dimensior2lly grouped set of numbers of a single data type). Each
grey level represents the value of some parameter. Its position in a group repsesents its
relative position to othes values. These data were georeferenced to a Universal Transverse
Mercator projection (Clarke 1880 spheroid), and warped to fit the projection using a
second order polynomial transformation. The study area was subsequently extracted by
copying across the area of interest from previously georeferenced and warped raster data
and the map units assigned colours. The map units Al refer to alluvium; P to pans; T-(x
to calcrete; Ra to Basaltic amygdaloidal lava and agglomerate tuff, Rr to amygdaloidal
lava, tuff; Qw to aeolian sands.

A map of pan distribution (Fig. 9.20.1, overlay-map pocket) was created using band
combination 7, 4, 2. 03 December 1986, The map was converted to a raster and
georeferenced, warped, and the study area extracted. P-P refers to the large pans with
their as;mcia'ned calunette {palaeopans);. G-P to shallow vegetated pans (mainly grasses);
W-P to water fitied pans other than the palacopans; D to unvegetated ‘depressions’ visible
in the cultivated lands. Mayer's (1973) map of certain physical features of the upper
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reaches of the Harts and Motopo Rivers was scarmed in and the study area georeferenced
warped, converled to a raster and extracted in the prescribed manner and used as a ‘
reference for pan distribution, S refers fo what Mayer terms sandy soils; A to thin
soit/rock outcmp, D to a watercourse/viei and P m'pa_ns.

The basic geolngy of the study area consists of Ventersdorp lavas with calcrete, dﬂ;’ tum
and acolian Kalahari sand lying on top of it. The large pans in the Harts palaco- -channel
are associated with calcrete outcrops and calunettes. The floors of these pans cogsist of
Ventersdorp lavas which break through in places, covered with a layer of greyi;h pan"'
soils, with a calunette on their zoutheastern flanks. Damscus pan is an oddity in terms of |
size and morphology which is characteristic of the pans associated with the palaeo-channel
of the Harts River in that it is not associated with an obvicus drainage channel.' its position
may well be associated with underlying geological structures such as faults and f;ragtures.
Kopela pan is associated with o calcrete outcrop which is possibly a pmduct f a
ﬂuctuating water table in the palaso-Harts drainage system. 'The shaliow vegetated

have a scattered distribution on the Ventersdorp lavas, However, they appear to be te\\o
shattow for their floors to be in contact with the lavas but probably owe their extsmnd‘e.
to slight fluctuations in topography and susceptibility of the loca} soils to pan fqglpauon

9.21 Seils (Fig 9.21)

A soils map was drawn using the same method applied to Veyburg 1:250 000 Land Type
Series map (sheet number 2624). Three main soil types occur in the study area
(Macvicar1984). Mos: of the surface area is covered by the Bd series which falls into the
category of plinthic catena where upland duplex and masgalitic soils are rare {(occupy less

than 10% of the area}. Unit Bd indicates land in which red/yellow apedal soils (Hutton,
Bainsvlei, Avalon, Glencoe and Pinedene fornas) that are dystrophic and/or mesotrophic
predominate over red and/or yellow soils that are eutrophic, and in which red $5iis
(Hutton and Bainsvlei) are not widespread.

,?_\

The map unit Ea, found in the present and palaco-channels of the Harts River are
described as vertic, melanic red structured diagnostic horizons, It indicates land with a
high base status, dark coloused and/or red soils, ysually clayey, associated with basic
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Figure 9.21 Soils Map of Study Area

Scale 1:155 000

Ae Soil Serfes - red-yellow freely drained seils

Bd Soil Series - plinthic catena (upiand dupiex and margalitic soils rave)

Ea Soil Series - one or more of vertic, melaxic, red structured diagnostic horizons




parent materials.

Map unit Ae refers 10 a red-yellow freely drained soil, without a water table and belonging "

in one or more of the following soil forms: Inands, I‘sumsk{)p, Magwa, Hutton, Griffin,

Clovelly. The map unit refers to land that does not quahfy as plinthic eatena ar in which |

one or more of the above scil forms occupy at Ivast 40% of the area. The Ac series nyh_.

red soil with a high base status more than 300mm deep with no dunes.

The large palaco-pans are associated with the Ea series of soils but probably predate their

formation, since the floors of the pans consist of Ventersdorp lavas overlain by a layer of |

gre’ﬁ{kh pan soils, Damascus pan again stands ouf in that it occurs in the Bd series of
soils, floor consisting of Ventersdorp favas and grey pan soils with a well formed calunctte
cn its southern fringe. 'I‘I,}/f’shal low, vegetated pans occur on this soil serids which is

possibly conducive to the formation-of non-permeabie horizons in the form of calcretes

and ferricretes, There are no pans in the study area associated with the Ae soil series.
9.22 E_ieva'ﬁon (Fig 9.22, Fig 9.22.1 Map Pocket - courtesy of A. Bloem)

A greyscale elevation map of southern Africa compited from the world digital data base,
scate 1:1000 000, (Fig 8.22.1) gives-the location of the study area. Light tones indicate
high elevations and dark tones indicate low elevations. - An extract of Figure 9.22,1
ingicates that the study area straddies three elevation zones (Fig 9.22) with the greater part
d%’ the study area iying between 1360 and 1380 metres above sea level. A change of
{\ ;evatlon is indicated in the noithwest corner of the study avea which coincides which the

change in direction of drainage (Sepane and Molopn Rivars; towards the nortkwest, The

southeast corner of the study area cuis in:o-ancrx_;her elevation 20ne which coincides with

tae northwesterly direction of drair-ge of the Klein Harts into the Harts River.
_ | /

aw
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10 DISCUSSION

Drawing on trends that have occurred in the USA the key io the problemr of wetland
management in South Afiica is to develop a system involving both local and national
¢o . rol which requires good coordination and good publicity (Walmsley ef ol 1988). 1t
invelves the development and modification of policy, legislation aad geidelines o be
e ployed by the nutional or local ageicy managing a particular arex and can only be done
if correct information is available. lnventory is  stock-taking exercise, a standard business
practice which if not followed can lead to inefficient administration of resources. The
purpose of a National Wetland Inventory is to generate information on:

1, the Jocation of southerm African wotlands;

2. the characteristics of southern African wetlands;

3. the conservation status of southern African wetlands,

Tae different kinds of information are needed:

1. detailed maps witich delineate areas that meet the accepted definition of wetlands;
2. status and trefid Feports.

The vrobieins of wetland manageiment are summarised by a quote from Josephine Cooper
of the United States Environmental Protection Agency (1985):

‘... because wetlunds come in all sizes, occur in all locations and each has differing and
piigque contribution to locar ecology, no ene agency hax a monopoly on truth, techniques
or understending...."

It is a satter of detail which (s arfected by the level of decision-making in question - the
det.il required 1o make natiosial policy, legislation and guidelines would not be as refined
a. .at required by the local management decision maker. At an ‘Inventory and
Classification Workshop of Wetlands in South Africa’ workshop held in 1988, several
mapping options were put forward, including that of the National Wetlands Taventory
system, but go consensis was reached.
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The standard 1:50,000 topographical maps of South Africa differentiate between perennial
non perennial and dry pans but not the type of pan. The opegational definitions of these
criteriz are not clear and possibly ic 2 highly subjec o one based on the darker tones of
water-filled or vegetation-fithed pans on panchromaii: aerial photographs used in the
compilation of maps. Bven though thess jobs mor*+ are flown between May and August
because of atmosphetic moisture conditions, - it would depend upon the month and rainfall
for the season ar to what is being recorded in tie pans. In all probability one is seeing a
continuum of pan features from relativaly dry through to wet pans and this is reflected aiso
in the plant communities associated with the pans. Another environmental gradient would
be one related to salinity of water and substrate, The possibility exists that the € oy
depicted as pans on maps are, in reality, rather ditfarent types of wetland that should be
separated from one another, Yo the study areii . 2 the Ventersdorp Lavas, there appear to
be fwo characteristic types of pans which occur in this pan-field: the large pans occurriag
in striné,s. in the palaeo-channel of the Harts River, with their floors sitting on the Javas
and having characteristic calunettes. These are well establ.shed features of the lands&pe

Secondly, the generally smaller, shallower, vegetated pans which owe their existence-btg“

slight changes in topography, susceptible soiss and possible underlying geological
structures. These pans display a continuum of size, depth, vegetation cover and ability to
retain water and as landscape features are probably younger than the paiaco-channel pans.
This pan-field is differant in nature and extent to that found in the western Free State, for
example.

Satellite data can offer substantial advantages over conventional aerial photographs because
of its digital character and if properly handled, the cost-effective utilisation when studying
large areas. The digital nature of the imagery alows for the enhancenient of Jandscape
features with computer processing techuigues. The nature of remotely sensed data
constrains investigators fo specific working scales. Woedcock and Swahler (1987)
determined that it was a combination of the spatial structure of the image and the vicwe
environment that deiermine the appropriate scales of observation. The spatial mapping
accuraéy of South African maps is standardised at plus/minus 0.75 mm. Therefore an area
of ‘i1 mm on a 1;250 (00 scale map represents approximately 6.25 ha; and 2 x 2 mm
represents 28 ha, Landsat TM, with 30 x 30 m spatial resolution and an accuracy of
Musiminus 1 pixel geo-~iegistration could be usud for mapping at the 1:50 %) scale, since
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30 m = 0.60 mm at 1: 50 000. The equivalent minimum scales for Landsat MSS and
SPOT are:

i, Landsat MSS B0 m = 0.72 mm at 1:11(]000
2. SPOTXS  20m = 0.66 mm at 1: 30 200
3 _SI’O’I' PAN 101 = 0.66 mm at [: 15 000

This comparcs with the recommendations for use of remotely sensed data in Indonesia
(Kucera 1986) that detailed surveys betwesn 1: 25 000 and 1:50 000 should be possible
with high resolution SPOT and Landsat TM imagery.

Thematic mapping, the usual technique for spatial data, overcomes the problems of
delineating potindaries for what may be in reality heterogenous classes and provides a
clearer continuum or gradation of information classes in terms of spatial heterogeneity and |
homogeneity {Robinove 1981). Accordingly, if a Landsat MSS pixel is to contain at least
one complete pixel, this will compare to a mappable unit of approximately 2 ha (140m x
140m). Similarly for Landsat TM data, with a pixel size equivalent to 0.09 ha, the
minintum mappable area will be approximately 0.5 ha, SPOT MSS at 9.04 ha per pixel
will be 0.16 ha. ' '

These area estimates do not appear to be constant throughout the literature. For forestry,
Kucera (1986) assumed minimum mappable areas for TM and SPOT to be in the range
0.06 - 0.04 ha. Van der Zel (1988) found MSS accurate to 5 ha, areas of < 25 ha for
exotic and < 50 ha for indigenous forest were not mapped. Iikewise, Edwards et al
(1983) concluded (for visual interpretation of visusal veld burns off Landsat MSS) the
smallest mappable burni area was 30 ha. By comparison, Landsat TM data bas been used
to map fires of less than 10 ba in mediterranean-style vegetation with the limit being 5 ha.
These area esijmates differ becuuse of the range of ground resolution cell sizes associated
with the different remote sensors. Furthermore, the topography being scanned and the
ability to discriminate spectral signatures will also influence influence the size of the
mappable units.

The flat landscape of the North West Provinee lends itself to Landsat TM data
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acquisition. With an instantaneous field of view (IFCV) of 30x30m, Landsat TM is a
useful tool for locating pans of varying size, morphology and vegetation structute over
a lacge area. 'The spatial extent of the pans and the land use around them can be
determined and wmapped. The smallest vegetated {grass) pan that could be reliably
tdeatified from a 4, 3, 2, hand combination 03 December 1986 Landsat TM extract of the
study area, measured with a measuring wheel, was some 100 metres across, With current
iandsat TM data, it may well be possible to identity smaller pans. Furtherntore Landsat
TM can provide synoptic, quantifiable and repetitive information on these pans.

From this stuay it was not possible to assess the level of resolution that specific vegetation
communities could be mapped within or arovnd the pans (ic zonations) using Landzat TM,
firstly because of the vintage of the Landsat TM data and secondly, because of the
unusually dry early summer conditions. As a rule species-level mapping is generally not
feasible with satellite imagery unless the species involved is totally dominant and shows
a significant structural difference to the surcounding vegelation cover. Communities are
more easily determined, but again this depends on the structure and cover zelative to the
surrcunding vegetation, In peneral, specifics ave difficult to map', bat major differences
are not, such as mangrove or saltmarsh extent, Likewise areas within large wetlands that
have been lost to agriculiure (ie cropped or drained for pasture) will also be identifiable.
In some cases, certain vegetation covers will not be able to be separated on sateilite
imagery. An example of this is the inability to separate exotic waitle stands amongst
indigenous riparian vegetation since both have the same spectral charactesistics due to
similar structural appearances. However, in this particular flat, semi-arid, agricultural
landscape this sort of discrimination should not be a problem.

With thie Landsat TM data used in the study, it was possible using a 4, 3, 2, band
combination and a Tronsformed Vegefation Index, to discriminate between crop and
natural vegetation and biomass. Current Landsat TM data and groundtruthing would be
required to assess what vegetation communities can be identified by their spectral
signatures, growing around the edges of the large pans which occur in the palaco-channels
of the Harts River, Likewise the ymaller, vegetaed pans scattered across the landscape.
These i)ans manifest themselves as vegetation isiands in the cultivated lands of the
December 1986 scene, since these laads are not yet crop-covered. 1t would be interesting
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to determine whether they can stili be identified in sequential Landsat TM scenes as the
crop cover emerges. Judicicus use of band combinations and the Transformed Vegetation
Index can provide additional information with synoptic data. Furthermore it should be
possible to relate the speciral signatures of the vegciation 2ones around Barberspan as the
water level in the pan n\\rs and falls,

H

In general terms the type and area of wetland that can be effectively ‘dentified using
Landsat TM are based upon the fact that detail or features that are idcuntiable on a
satellite image are dependent on two basic factors. Firstly, the size of the feature in
relation to the minimum area that can be identified, ané secondly, the difference in
‘spectral signature’ between specific features and its surroundings. If the wetland “type’
iy sufficiently different in either form or structure to its surroundings then it should be
visible for example, open water bodies such as farm dams, impoundments, lagoons or
lakes) are cledrly discen}//(b?ie. Wetlands which do not contain areas of open water, in other
words, closed vesetation communities, may be more difficult to discriminate unless they
differ significantly from the surrounding vegetation types. For example, large viei areas
such as Nylsvlei are only inundated on an infrequent basis and unless the imagery is
obtained when water extent is at a maximum, the area could feasibly be classified as a
combinatioﬁ of grassland and woodland/savenna, and as such may not be clearly
identifiable. Similarly riparian {rest (in terms of satellite imagery) is only ripariei in the
sense of its location, and may apnear (viSually and spectrally) to be similar to other areas
of closed-canopy indigenous {i+ st comuiunities. Other *types’ such as dry, non vegetated
will easily be identifiable, due to the different image colours associated with the dry
sand/clay deposits compared to the surrounding vegetated lands.)

The question of whether it is possible to recognise the functional limit of pans of different
types in the study area, in terms of water fili and retention is difficult to assess with the
two scenes available for this study. The only perennial water body in the study area is
Barberspan and that through a diversion of the Harts River. The water level in the pan is
very much dep: wlent on the flow of water in the river, Furthermore, it is difficult tc
assess how much the water level in the pans is affected by subsurface flow and secondary
sources of information such as rainfall data, soil structures and analysis of geological
structures such as faults, fractures and other _i‘fneaments would have to be correlated to

i
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provide an insighi into the water retention of the pans. It would be possible to correlate
the construction of structures suck a- dams and roads with synoptic Landsat 'T™ data and
water fill of pans in their vicinity.

The wetland condition of the pats can be, 1o a certain extent, inferred from !Landsat ™
data. Whether or not the pans contain water and the surface area of watur can be
determined and whether or not they contain vegeiadion and to what extent. The 4. 3, 2,
band combination 03 December 1986 scene of Barberspan shows tonal differences which
are either a product of changes in depth and/and turbidity. In the 26 June 4, 3, 2 bawd
combination the level of water is higher and the colour tone very much more even in
response io the greater depth of water. Information on the distribution of water in both the
palaeo-channel pans and the smaller vegetated pans plus their vegetation cover would be
useful in dei..atining the dispersat of water birds. This would be of particylar use if the
pans favoured by particular birds is known and the water level and vegetation cover they

resquire.

It is interesting to speculate on what the impact of the cultivation practices around these
vegetated pans are having on them and where in Verhagen’s (1991) ezological model of
pan propagation, the pans in this semi-arid, human-altered landscape are headed. The
smaller, vegetated pans may weli be into a cycls of in-filling with soit drift from ploughed
lands exceeding any windblown deflation and the exclusion animal of anima! excavation.
The picture with the shallow grass pans in the old Kunana location which still retains
naturz} bushveld and communal grazing systems may be different. Some of the pans which
occur i the area are subject to grazing and teampling by livestock and persist as distinct
depressions. Use of synoptic Landsat TM data and groundtruthing could shed some light
on the condition of these pans.

There are enigmatic signatures in the cultivaied pre-crop covered lands in the December
1986 Landsat TM scenes of the stnly area. They are visibie in the principal component
gombination image as well as 4, 3, 2; 7, 5, 4, and 7, 4, 2 band combinations, which
suggests that it is both a soil and woisture response. Detail is Jost in these band
combinations in the winter scene, It was not possible to come to any conclusion about
these features in the cultivated lands because conditions were so dry and also gaining
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sufficient access to enough fields to have a good Jook at them However, I would speculate
that these ‘depressions’ have ploughable soils unlike the other vegetated pans in the lands
which owe their existence largely to the fact that thoir soils and pan margins are too hard
to plough. It is probably worth investigating these vegetation islands to determine whether
there are any vegetation communities, remnant or otherwise, worth recording and
preserving. Sequential Landsat TM could be used to monitor activity in tie fields around
the pans in terins of cropcover and waler content and vegetation cover in the pans.

There many different types of pans found in the pan-fields across southern Africa. Allan
(1987) suggests that they could be grouped according to their vegetation types, recognising
five main types of pan:

1. Grass pans - covered with a variety of grasses and sedges.

2, Salt pans - have an extremely saline substrate and are fringed with the sedge,
Schoenoplectus triqueter.

3. Reed pans - with a central Phragmites reed bed surrounded by a ring of open water
within which submerged aquatic plante like, Poremogeron species occur. (eg Lake

o Chrissie area pans).

4, Sedge pans - with locally dense stands of sedges like ~choenopiectus c&rymbasus
and Eleccharis patustris,

5. Open pans - largely devoid of plant cover except around their shorelines where a
cominon grass is Cynodon daciylon and sedges, of the genera Scirpus, Cyperus
and Juncus. |

This classification was put forward as 4 tentative scheme, but clearly reflects the variation
in majer plant comnmnitics between pans. To date, no effort has been made fo link
geomorphotogy of pans with vegetation type and it would probably prove to be a near
impossible task since pans are subject to such diverse environmental influences” and
variable histories as landscape features. The vegetation that grows in and around pans at
a particular point in time is influenced by substrate and climate (Verhagen 1591). The
classification system should define the limits of the pans as wev'and ecosystems according
to ecological characteristics (Breen 1957) and its primary purpose to describe ecological
units having certain homogenous natural attributes (Cowardin et al 1979).
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In this study it has been shown that it is possible to distinguish the type of pan, firstly by
its Iocation in the landscape (whether or not it is associated with the fossil Harts River
drainage system. Damascus pan is an obvious exception - which pos-ibly bas a geological
structural explanation). Secondly, whether it is vegetated across its surface or around its .
perimeter. A classification of paas for this area could be set up based on site, morphology
and associated vegetation, However it would require a lot of foot-work, hopefully with
current Landsat TM data in hand to pick out spectral signatures of note and relate them
to the ground. There is no literatere on the use of sasellite data in determining pans as
landscape features or their associated vepetation so the data and techniques employed
would have ty be adapted to the season of the year and -ainfall to pick up detail in the
pans. However, once the system has been developed it can serve other purposes:

1. ° to arrange the ecological units in & system that witl aid decisions about resource

management;
2. to furnish units for inventory and mapping;
3. to provide uniformity in wetland concepts and terminology.

In the USA Landsat TM is used by Ducks Unlimited (international conservation
organisation currently undertaking an inventory on the primary waterfow] production area
for north America), to mon . *wet’ wetlands, Ducks Unlimited vses a standard image
processing procedure; for each scene a file with 230 spectral classes is used, each group
of spectral classes forms an informational class such as shallow or Jeep marsh (Thompson
1994), whereas 20 spectral classes were used in the Fuzzy-c Means Clustering Algorithm
to pick up detail in the pans, The grouping is unique for each scene and varied according
te the image interpreter, time of year, precipitation eic. They use Band 5 of TM because
of its capa&hy ta discriminate levels of vegetation and soil moisture (and is best used with
bands 3 and 4 for weilard discrimination). Band 3 is useful for determining water quality,
band | for separating open water from open water with submerged vegetation.

In searching for cost effective and repetitive ways 10 monitor estvaries, Australian
researchers (Lavery et al. 1993) arrived at statistically significant, empirically based
algorithms which were successfully developed for: pigment concentration, SDD and
salinity. They can thus effectively determine surfice water characteristics and provide a
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synoptic view of processes through the use of time series. They found that the problems
involved in using this method of monitoring estuaries include cloud cover, time delay in
data acquisition and processing and finding the requisite compuier facilities when needed.
They found that the iaxonomic nature of algal blooms couid not be determined.

Landsat TM was used to monitor wetland land-use of the lower basin of the Mckong River
{Thompson 1994), though aerial photographs were used as well for their greater resolution
when mapping at the 1:50,000 scale.

On the mapping of wetland, Howinan (1987) siyzzested Landsat or SPOT imagery be used
for a broad-brush inventory. Hewman and Keinpster (1986; 1G87) investigated the use of
algal content {chlorophylt a) and turbidity measurements from Roodeplaat Dam combined

" with Lapdsat reflectance data to develop 1 model which could be used to interpret data
from other South African wetlands. The end product was CALMCAT (Canonical Analysis
Landsat Model of Chiorophyll a and Turbidity). Quibell (1987; 1992) found that
CALMCAT only worked successfully if recalibrated for each overpass and each
impoundment, and speculated that chlorophyil is not an adequate measure of reflectance
in water quality studies. '

McCarthy e ¢l (1993) used multispectral SPOT 2 imagery to survey the Okavango Delta,
where a transformed vegetation index (TVI) was found to be semi-quantitatively rejated
to standing crop and thus to resource availability and water movement in the delta. The
TVI image proved useful in axposing what appear to be tectonic lineaments Of interest
were areas of abnurmaily prolific growth which were highlighted in the multispectral
images by the artificial colours useéd, which might welt have been missed had another
system been used.

These applications of satellite data to the problem of monitoring and mapping wetlands
demonstrate the flexibility of using digital data. Satellite imagery and the algorithms
derived to deal with it are improving rapidly as is the computer modelling of the data
which also incorporates data from other disciplines, so any system chosen for wetland
monitoring must {ake cognisauce of the fact, ‘i'he image processing techniques applied in
this study with two sets of vintage Landsat TM have shown that it is possible to locate
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pans over a wide surface area and to determine size, {ype and extent of vegetation and
whether they were water filled. The techniques caii be adapted and changed to extraci
maximum _information and detail according to the season and date of acquisition of the

data. S
By
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11. ACONCLUSION

Landsat TM data, properly handled, coyld play a significant role in the inventory of pans
into the Nationa! Wetland inventory in terms of their identification, mapping and
monitoring. However, what has also emerged from this stuﬁy is that remote sensing is a
specialist field which reguires years of training to acquire all the skills needed to attain any -

level of competence. It is possible in A relatively short period of time to become famifiar

with the necessary image processing techniques with to extraci informaticn from a

particufar scene, but to learn the art and the science of a really good image pmcesﬁor takes
and practice. }f wouid seem that educators in the feld of global and eavironmental

monitoiing face four major challenges in terms of educating eavironmental managers:

1. Inclusion of the indispensable tools of both remote sensing and geogutphical

information systems (GIS) as standard components in curricula of courses in e

environmental management or environmental science.
2. Encouragement of intexdisciplinary training both within the natural sciences and
between these and social economic sciences.
3. Stimulation of a new approach with more direct measurement of dynamic
:\environmental characteristics and K(cm a range of extreme spatial and mm;m@
scales. Y _
The development of skills and aitributes to influence decision makers, The horizons
of scientists are usually confined to the knowledge and technology ef their

particular discipline. They see ineir role as presenting information, on which

N

others, the planners, policy and decision makers will act in the naive belief that the
evidence and logic of their analyses and arguments will yield a desirable outcome.

Remote sensing not only extends our spatial and temporal observaticn capabilities; it also
increases the variety of sensor (visible, infraved, radar', ther.  2te) with which o observe
ard monitor. This multitude of sensors for data collection has generated a data overload
in the big- and geosciences thus requiring much filtering, decoding, preprocessing and
compression of raw data to obtain useavle information. Probabiy the most important
consideration in the mapping and monitoring of pans or other wetlands is that it should be
oeographical information system (GIS) based ax it allows for statistica! and graphical



manipulation and output. Lidferent aspects of tite pans can be monigored continuously, or
At intervals ‘whether it is water quantity, quality, or vegétation in jnd around the pan.

" sxénds can be identified and monitored and impacts determiq;gihljha}" major problem is to’

get over the moment of inertia in organising and de!egaliné the means and methods of
setting up a werlands inventory for southem Africa, Pans by their very nature are located
in flat landscapes which are ideally suited to sateliite data acquisitions The use of Landsat
T™ could be employed in delineating pan-fields, locating pans within the field and
assessing their size, and saying something about their morphological form and vegetation.
"in terms of building up a database o the pans, Landsat TM could be invaluable in
providing synoptic, quantifiable and repetitive information .

A
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Figure 9.17.2 I’rincipd,l Components 26 June 1942



Figure 9.20.2 Map of Pan Distribution in Stedy Area {(Overlay - Map Pocke?)
Scale 1:155 000

D - depressions;  :--P - grass pans;
E P . palacochannel pens; W-F - water-filled pans
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Figure %.20.2 Map of Paa Distribution in Study Area (Overlay - Map Pocket)
Scale 1:155 000

D - depressions;  G-P - grass pans;

P-P - palacochannel pans; W-P - water-filled pans
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Figure 3.22.1 Extract of the Southern Afivican Elevation Map Showing Stady Area
Scale 1: 116 000 |
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Figare 6 Band Combination 7, 4,
Quadrant)

Acquisition Date: 03 December 1986

Scale 1:325 600
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9.18.1 Fuzzy c-Means (Greyscale) 03 December 1986
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Figure 9.17.1 Principal Components Combination PC4 03 December 1986;
PC2, PC3 26 June 1992 (RGD)
Scale 1:100 006
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Figure 9.16.1 TVI (False Colour Composite) 26 June 1992
Scale 1:100 000
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Figure 9.9.1 Band Combination 7, 5, 4, (RGB) 26 June 1986
Scale 1:100 000
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Figure 9.8.1 Band Combination 7, 5, 4, (RGB)
Scale 1:100 000

03 December 1986
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Figure 3.7.1 Band Combination 4, 3, 2, (RGB) 26 June 1992
Scale 1:160 009
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Figure 9.6.1 Band Combination 4, 3, 2, (RGB) (3 December 1986
Scale 1:190 609 :
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