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Chapter 2 
Outline of Study Area 
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Figure 21: Major Biomes 01 $oull1 Africa, s1udy area highlighted in black (Low and R8b&lo, 

1900) 

The largest of all the biomes is the Savanna biome. It occupies over one 

third of the area of South Africa A grassy ground layer and an upper layer of woody 

plants characterize the Oiome. Altitude ranges from sea level to 2000 m and rainfall 

varies from 235 to 1000 mm per year, The biome is well conserved thanks to the 

Kalahari GemSOok National Park and the Kruger National Parle One of the major 

factors delimiting the biome is a lack of sufficient rainfall, preventing the upper 

woody layer dominating, Fire and grazing contribute to the prevalence of grasses as 

the dominant vegetation type (Low and Rebelo, 1996) 

The Grassland biome is found on the central plateau of South Africa. 

Topography is limited, and altitude varies from near sea level to 2850rn above mean 

sea level. A single layer of grass made up of C3 and C4 types dominates. 

Agriculture has had a marked influence on the biome: maize, sorghum, wheat and 

sunflowers are farmed. The biodiversity of the biome is conSidered to be very high 

with many rare and endangered species (Low and Rebelo, 1 gg6), 

The Nama Karoo biome occurs on a central plateau of the western half of 

the country, Altitude varies from 500 m to 2000 m above mean sea level. Rainfall is 

summer orientated and varies between 100 and 520 mm depending on location. 

The dominant vegetation type is grassy dwarf shrubland (Low and Rebelo, 1 g96), 

The Thicket biome is rather ambiguous, as it is not recognized in scientific 
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Chapter 2 23 
Outline of Study Area 

and mapped by Low and Reb~o (19OO). Section 2.5 introduces and discusses the 

various vegetation types found within the Succlient Karoo. It makes use of Acocks 

(1953), Rutheriord and Westfall (1986) and Low and Rebelo (1996). At present the 

National Botanical Institute is completing a new vegetation classification of South 

Africa, which should be available in early 2000. 

V<g<"_ t,-p<' '" "'" $ ",<U"",' K",,,,, 

~ ",-""'~_K~~ 
l'-."" .; '" 50, ,"".,., ""~ .... .. ,"" 

C2L ~ _,I,.,. <~'''''M''''' 
5<5\')" ~M' _ _ "~ 
ill " l.O.'.'''''''' ,. ~ 

Figure 2.3 Vegetalion types of the Sl>Cculent Kama (Low & Rebelo, 1996) 

Strandveld Succulent Karoo occurs on the coastal plains of the west coast It 

extends over a distance of 500 km from north to south Scattered low shrubs, small 

trees and Succulent shrubs dominate the area (low and Rebelo, 1996). The 

vegetation type is confined to the coastal sands of the west coast as defined by 

Watkeys (1999) (see section 2.4 2). In the same area Acocks (1988) identified 

Strandveld of the West Coast (34) with two variants, dense scrub (34a) and 

strandveld proper (34b). Two classes of Fynbos were also defined, Coastal Fynbos 

(47) occurring on the limestone sands, and False Fynbos (70). 

Upland Succulent Karoo forms the boundary between Nama and Succulent karoo. 

The vegetation type occurs on the higher lying areas with elevations ranging from 

300 to 1700 m above mean sea level. The quiver tree characterizes vegetation of 

the region with mesembryanthemaceae or vygie families dominating the dwart 

shrubs. Annuals are also present The winter raijnfall regime favours shrubs and 

annuals while the major difference between the Strandveld and Upland Succulent 



Univ
ers

ity
 of

  C
ap

e T
ow

n

area as 

on 

are 

seen as 

occurs in 

are scarce. 

occur 

mean sea 

1 

occurs 

occurs 

area was 

area is 

was 

was a 

same area was 



Univ
ers

ity
 of

  C
ap

e T
ow

n

it 

1 

season 

in 

are nl"C.ctlCllnT 

on a 

as 

summer ..... " .... T .... ' 

ACCICKS (1 

areas 

T ... "" ........ in 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

mean 

1 

resources. 

nOI",..o .... t are 

mean 

a 

is 

are 

SPE~CIE~S are 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

2 

seven 

mean is mm or more in mm in summer 

in 

an mean 

as one-moves 

mean '<0:"''';;''''<0: an 

in 

in are as ae\Jel()De~a as in 



Univ
ers

ity
 of

  C
ap

e T
ow

n

in are 

warm summer are 

is 

"e,,,err.,. are 



Univ
ers

ity
 of

  C
ap

e T
ow

n

I"n~~nn:.r serves as a on 

in 

successes 

cases 

In 1 is now ....... ,."A' .... as 

own 1;:);:)\.lC;:) were 



Univ
ers

ity
 of

  C
ap

e T
ow

n

). 

In 1 

as it is 

). 

). 

(1 nOI"I"ont\ 1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

, ........ " .. rt"' ... t ", .. ;: ....... '" in as more 

in"'''''IT'o as 

). 

In "'O.~tl".c.rI on In 

more 

means 

are 

). 

A is 

isa 

case in 

were 

one access in 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is a 

resource 

1 

in 

same over 

a 

is a 

one 

or no 

in 

was 

was 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

a ..... ,,,"" .......... ,,.1'1 on as~;essl 

I veOletatlon 

in veCJetaw)r 

a a 

1 

same it 

reasons 

in 



Univ
ers

ity
 of

  C
ap

e T
ow

n

as 

occurrence 

one 

season. 

a 
it was more a 

is across 

more in as as in 

(1 a 

on 

a It is 

is 

more or 

(1 a 

is 

our own 

on 

our If an area were ""","" ...... "",, 

cause a If on we 



Univ
ers

ity
 of

  C
ap

e T
ow

n

assess nnf<::lOl".fl!:il in 

In 

in areas 

""'."Tu._,;;orl,n areas are 

can cover. 

as causes as 

on 

was summer 

a <> ':''''''nr\l'' "" 

were a 

(1 



Univ
ers

ity
 of

  C
ap

e T
ow

n
A is 

it was r.c>,,\nnf.c>n 

C!vr"\n .... are can we use 

or 

an 



Univ
ers

ity
 of

  C
ap

e T
ow

n

can areas 

It is nn1J11Ql,IQr 

areas were irla .... tif'iarl 

is if we 

as 

was 

In 4 section 

"' ..... ~"' ..... I"" ..... in in ni" ....... '''.,..,. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

in 

as a measure 

cover 

a 

in 

new 



Univ
ers

ity
 of

  C
ap

e T
ow

n

was "".g'''''"' .... 

were palSSE!O 

cause 

1 

nt.e .... g.:;:;t in as 

use 

in mean 

1 

it nec:es:srtales a it 



Univ
ers

ity
 of

  C
ap

e T
ow

n

more 

area. f\ClOC~;S 

reserves 

(1 

season 

resources. 

an awareness 

was 

over 

in ..... I'\."/U·' ..... 'I".I"I 

...."'.,1'\1"1 as 

/"'\v"' ..... r'., were 



Univ
ers

ity
 of

  C
ap

e T
ow

n

was nn<."gnl in a 

more 

1 

in were in 

sure our answer." 

an 

access 

nl~,m".ntlinn more 

as 

even 

in 

a 

a 
rlg,,..lirl'" in 

reasons 

summer 

an 



Univ
ers

ity
 of

  C
ap

e T
ow

n

is 

was not an 

1 

over 
I,,...,.t,, ... ,,.. in 1 

a new nn.::.nr\fTU::lInr\n in 

a 

in 

once 

or 

in 
.. a",'an'.a" in 



Univ
ers

ity
 of

  C
ap

e T
ow

n

rCoUllCoW were 

on 

was 

as 

or rI.,.,".,.rtifi,~""ti 

in 

or 001::l05;e ,-" .... u.u"''''' 

as use in 

is 

were 

it 

or 



Univ
ers

ity
 of

  C
ap

e T
ow

n

f"!:Innnc.in 

are 

use 

me!thcldoloclies are 

are a 

urn 

1!:Ii"I'':'TI ..... n in 

-1 urn 

1 can 



Univ
ers

ity
 of

  C
ap

e T
ow

n
60 

Blue 

50 

10 

0.4 0.5 

use 

(1 

1 

1 

""""Tln""""in 

1 

Green 
MSS 

Band 4 Band 5 

0.6 

Near-

0.7 

• • , ""'>"1",_",1".-",,,,-#1 • 
: MSS Band 7 
t 

0.8 1.1 

near 

.. "' ... t .... ;''''tir·''' of Dead grass, bare soil and Green grass 

as a measure ve~let,atlc>n " .. n"'lTn is 

near-

...... ''\'.,,'n'' seasons in 

1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

li .... .."ti"' ... ' in 

are 

as are 

a see 

(1 

are 

were some 

1 ) 

I on 

:: I 1 ) 

are 

is 



Univ
ers

ity
 of

  C
ap

e T
ow

n

in 

70 . 
tOM . . . 
: . 

I II II 
to · · · · · . · . · · · · . . · . . · · . . · . . · . . . . 

. . . . 
"to 

"to 

of red and near-IR channels. 

is 

sum; 

::: I 



Univ
ers

ity
 of

  C
ap

e T
ow

n

(1 

sensors are 

sensor 

some 

or 

1.1 



Univ
ers

ity
 of

  C
ap

e T
ow

n

" ... ,.t,,.., ..... in 

in 

coarse 

as a means 

1 ). 

assess in 

as a measure 

cover 

). 

in 

an 

as can 

(1 in 

areas 

use coarse 



Univ
ers

ity
 of

  C
ap

e T
ow

n

(1 

in 

uses 

(1 

in 

is a ..... "'''''' ..... ''' .. n ... nu"n 

was 

on 

in 

a 

assess causes 



Univ
ers

ity
 of

  C
ap

e T
ow

n

a 

is 

(1 

or 

in a no··acIOltlve manner 

is 

are 

on 

is 

on veeJet,atlcm 

1 

rU:""lniC • .., as 

was 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 4 52 
GIS & Remote Sensing' Applications in Lalld D€gradation 

The resulting index kHown as the SOil Adjusted Vegetation Index m'ltigated the effect 

of differing soil background corJditiOlls on NDVI uSin.g the algorithm given in equation 

4.3, 

SAVI "[(NIR - red) / (NIR + red)] X (1 + L) (43) 

The constant L represents the shift in the origin of near-IR - red wavelellgth space. 

The value of L is determined by vegetation densities determined through fieldwork 

and expert knowledge (Huerte. 1983). Similarly the Perpendicular Vegetation Index 

(PVI) first proposed by Richardson al1d Weigand (1977) attempted to mitigate th€ 

effects of soil 011 partial callopy reflectance. The PVI is also based on the near-IR­

red combination only this time it is not the slope that determines the index but the 

distance from a predefined soil line (see fig 4.3) 

~' rLi,,1 ,,",','r '·' E"" '; "" l) r)'<0il 

C 

F 

Figure 4.3; Graphic derocting the distance based .egetation index (After Jensen. 1996) 

The distance (E, C, D) of ally given pixel from the predefined soil line determines the 

amount of vegetation cover present (Jerlsen. 1900) The illdex is calculated using the 

foilowing algorithm 

WI" (NIR - RED) I (1 + a2) (4.4) 
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GIS & Remote Sensing: Applicatiolls ill Land Deymdation 

I;','here a represents t~,e slope o! tile sol line (1\, B, F) (Rees, 1999) Rallyeland 

researcll in Auslralia has seen the developrnert of allot~,er distance based index 

known as tile PDS4, The index was first knowil as a vegetation cover index jn band 4 

and band 5 data spa~e (Pickup ct ai., 1993)_ Prm'ioLJs indices discussed ~,ave beell 

based 011 tile red and near-IR bands'" c'lannels T~.e PD54 is based on the PVI 

(Richardson and Weigand 1977) but used band 4 ~"d band 5 01 landsat MSS data 

The index uses t~,e soil liN! as a reference point rat~,er than a vegetation lille, t".e 

reason for this is t~,at ir arid areas you are more lIkely 10 ~,~.,.e pixels represent:rg 

pure so;1 as opposed to veyel~tion ~nd Ihl!rl!forl! a morl! stable feature (see fi~' 44)_ 

T~,l! indl!x Ilas bel!n widl!l)' used '~ith positive results 

~ 

o 
z 
-< 
ro 

y _. oflsot + gairl",-,. 

BAND <1 

upper and lower 
d8ta space limits 

FigLlre 4.4' GraiY,'C depictio:l of tne PD54 index fAlter Pickup el a-' 19931 

The indixs rnentioned above are related to tile> use of tile Ile>ar-IR and red bands of 

any yi',e>n satel:ite> platlorm. on:y a fe>w indices are me>lllioncd as expandiny on the 

rest \vould be beyond tile> scope> of this proje>c\, Jcnscr (1996) give>s a full de>ser'ption 

of the> fa nye of ve>yctation i Ildiccs 
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IIIrtIole Data 
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MAM 

STCF Classes 
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rO.7·0.89 

r> 0.9 

Figure 6.1 Results from STet analysis (3X3 Kernel) 

6.2.3 3X3 Kernel DJF (December, January, February) figure 6.1 

The height of summer, desiccating berg winds and high summer arKJity characterize 

this time period (Milton el aI., 19(7) Some rain does fall, but it is largefy confined to 

small areas either in the north of the biome or in the extreme south. In terms of the 

geographical distribution of classes, DJF seems to mirror the patterns already seen 

in the entire data set. Agaill class one and two dominate, class 1 is however, slightly 

smaller. Correlations of less than 0.7 (class 3) are once again found in close 

proximity to rivers, and in turn areas returnillg little or no correlation. Class 3 is 

always adjacent to class 4 and therefore also ill close proximity to rivers. Additionalfy 

class 4 is always associated with large river systems, which is immediately evident 
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looking at the Orange, Oliphants and Tanqwa rivers. These three river systems 

support large-scale agriculture, supplying water to farms in the immediate areas. 

6.2.4 3X3 Kernel MAM (March, April, May) figure 6.1 

Correlations returned for the autumn period of March April and May are seen in figure 

6.1 (middle left). The regional distributions of correlation mirror the rest of the 

analysis results. Correlations are howevar, far lower in areas where class 1 

dominated in DJF and the entire data set Patches of class 1 still exist in the same 

areas but during this time of the year their areal distrilJution has decreased. General 

patterns still exist with class 2 dominating the biome. Class 3 and 4 are still found in 

close proximity to each other as well as large river systems 

6.2.5 3X3 Kernel JJA (June, July, August) figure 6.1 

Most of the rainfall recorded in the biorne falls within this period (Desmet and 

Cowling, 1999). The geographical distributions of classes are similar to previous 

seasons. Class 1 is once again found mostly on the lowland areas of the biorne, but 

one does find small patches occurring in the Hantam-Tanqwa-Roggeveld region as 

well as the Little Succulent Karoo. The geographical distribution of class 2 

incorfXlrates the entire morne. Classes 3 and 4 have decreased significantly being 

replaced by class 2. This is especially evident in the areas around rivers, while class 

3 and 4 are still found in close proximity to rivers, the areal extent of each class has 

diminished most notably the area around the Olifants River. 

6.2.6 3X3 Kernel SON (September, October, November) figure 6.1 

Class distributions for the SON period (spring) are largely the same as previous 

seasons. Class 1 is confined to low lying areas with small patches in the Hantam­

Tanqwa-Roggeveld region as well as the Kamiesberg. A notable feature is that the 

distribution of class 1, which has become heterogeneous in nature. Class 2 

dominates and is once again found in all regions of the morne. Classes 3 and 4 have 

once again returned to their familiar distribution. Class 4 is now more prevalent in the 

low-lying areas of the biome with small speckles seen in-between class 1 and 2 

The 3x3 kernel identified interesting trends and patterns within the study area. 

Variations in class distribution are evident between predefined seasons. Summer and 
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winter, (DJF and JJA) return correlations that are less fragmented than the autumn 

and spring seasons. Correlations are also far higher on the lowland plains of the 

biome, 

6.2.7 5X5 Kernel 

Results from the 5X5 kernel (figure 6.2) are similar to the 3X3 kernel, Correlations 

are not nearly as strong as the smaller kernel. General geographical patterns are 

however similar to the 3X3 kernel, Class 1 is largely non-existent and is only seen in 

the entire data set output and during DJF. When class 1 does it occur, it is limited to 

the klwland regions of the biome. In all seasons, class 2 dominates the biome. Finally 

class 3 and 4 enjoy an increase in geographic as well as areal distribution. 
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Fieldwork / ground truthing was undertaken during March 2004. The fieldwork 

component 01 the research confirmed the results discussed above. Four sites were 

chosen for fieldwork. The sites were chosen to represent each oj the four correlation 

classes mapped in the GIS. 

Class 1 was ground truthed around Bitterfontein. ThiS area returned strong 

correlations in the analysis. The vegetation 01 the area is largely undisturbed and 

occurs on the lowland plains of the Knersv1akte and Namaqualand. We therefore 

attributed class 1 to undisturbed homogenous plant cover. (See figure 6.3 for 

Geographic location). 

PlatE 6.' Pootograph taken at stop 2. Bltterfontein Class 1 (r:> 0.9) 

Class 2 was ground truthed in the KamieskrOOll area. Elevation is well over 500m 

with topography being tar more varied than the Iow·lying Knersv1akte. In several 

places along the road cropping was taking place. ThiS cropping was limited to 

reasonably flat areas. ShrubS with signs of overgrazing dominated vegetation cover 

(See figure 6.3 for Geographic location). 
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Plate 6.2 Photograph taken at stop 3, Kamieskroon Class 2 (0.7 < r < 0.9) 
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Class 3 was ground truthed south of Vioolsdrift approximately 40 km from the ixlrder 

between Sooth Africa and Namibia. Larld cover in this region is extremely sparse 

with little or no vegetation cover. The area was cropped until the late 1970's and has 

now been left fallow. (See figure 6.3 for Geographic location). 

Plate 6.3 Photograph taken at 5top4, Vioo .. drift Cla55 3 (0.5 < r.: 0.7) 
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Class 4 was ground truthed in the Spruitdrift area just south of Vanrhynsdorp. Here it 

was observed that the no correlation class was associated with agricultural activities 

located OIl the banks of the Olilants River. While large patches of no correlation are 

folJld elsewhere we concluded that reasons for the no correlation could be attributed 

to agriculture associated with large river systems and regions where topography is 

highly variable. Using spatial data in a GIS we concluded that the spatial distribution 

01 class 4 in other areas was also associated with agriculture alOllgside rivers (See 

figure 6.3 for Geographic location). 

Plate 6.4 PhotoQraph taken at stop 1. Vanrhynsoorp Class 4 (r < 0.5) 



Univ
ers

ity
 of

  C
ap

e T
ow

n
1 l ' 

• 
• 

• 

2 

Field Work Map 
STOP 1 
y,got .. ,," T,p . Slron<V, ~ or 'N ." co", 

Suo;: ""'"'" K oro 0 e,-, 
ElOvoliOll: 100m 

Corr.I,tOOl,,,,, _D.S __ D,S 

LOll' u,o: CrOppnQ""~ HOOlO!I<OO", GrozinQ 

STOP 2 
Y.~I""n T,p' Su,,",",,' ~.,oo 

Karoid ElfOk", volO 

EieVotioo: 368m 

Correl . lion lone _'0.9 

STOP 3 
V'go'''''" T)'I>O i>U" ","" , K.ao 

KMOiO SoOk", v.,. 
Mou"t.., R,m,j . ",.I" 

Elevotion: ,&4", 

Cor"'OIIOO lon . 0,1_ C. ' 

loc' u .. , C'Oppio1~ ond HOII"lo!JOnou< Grazl1 g 

STOP 4 
V'!j<lotion Type W ",t . rn ~\O,rj.in Koroo 

Nom "",, """18'''''on V' I<I 
fol " S"" L>Io ni Koroo 

E lovOl,OfI 100m 

C:l( 'OIaI"" ZOO " 0., __ Q.1 

l , """,,, Homo!l<noLJS GrllZ<><l 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 6 
Resutts 

85 

The STCf is used to determine the spatial nature of seasonal vegetation change in 

the Succulent Karoo Biome. Results from the analysis indicate that the filter is a 

useful tool for determining where atmospheric moisture drives seasonal vegetation 

change and where local scale factors such as rivers and irrigated agriculture 

influence vegetation growth. 

6.3 Principle Component Analysis (PCA) 

6.3.1 Analysis Design 

Temporal analysis of 10 day MVC NOVI images was performed using Principle 

Component Analysis (PCA). Section 5.6.2 discussed the analysis methodology. The 

PCA analysis performed here used 10 day MVC NOVI images in the GEOTIFF 

format. Images were imported into ENVI4.1 (Research Systems Incorporated) and 

analysis was performed using standardized principle components (correlation 

matrix). Six components were extracted along with their respective factor loadings 

graph. The factor loading graphs provide the correlation between each of the input 

images and the component being analysed (EOlstman and Faulk. 1993). they also 

shed light on the temporOlI coherence of the spatial pOltterns identified in the 

component images and serve to highlight any long term trends that may be useful in 

identifying long term trends associated with climate change. 

Figure 6.4 Reference Map for peA analysis 
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Component 1 (See figure 6.5 below) represenls Ihe characleristic vegetatioo index 

for the entire time perioo. The component explains 73.49% of the variance found in 

the temporal NOVI data set used. The spatial distribution of NoVI anomalies 

indicates that component one represents the characteristic vegetation cover 

integrated over time. The component image also shows that the major element of 

variability in NOVI is that which occurs spatially i.e. the first change compornmt The 

spatial distributioo of NOVI anomalies (high values) indicates where, throughout the 

year, photosynthesis is greatest. Elevated regions of the biome return higher values 

indicating denser vegetation cover. Low values are clearly seen as dark areas and 

correspond to regions of known low vegetatioo cover. The factor-loading graph 

(figure 6.5) for component 1 reveals that this component represents average 

vegetation cover and that the temporal correlation is reasonably good except for 

1993. During the early months of 1993 correlations are low relative to the rest of the 

data. The factor loading graph indicates that no long term changes have occurred in 

the average vegetatioo cover found within the biome 
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Figure 6.5 Component 1 and Graph 

6.3.3 Component two 

Figure 66 shows component 2 of the PCA analysis. The second component explains 

834% of the ~ariance found in the temporal data set NDVI anomalies (high values) 

are found on the low and high lying areas of the central and northern Succulent 

Karoo. conversely lower values are found in the southern Karoo. The distriiJution of 

NDVI anomalies in component 2 reflects the strong seasonahty found in the region. 

High anomalies are found in areas associated with winter rainfall, while low or 
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negative values are associated with summer convective rainfal l regions. The factor· 

loading graph (figure 6.6) confirms the seasonal nature of component 2 and indicates 

that the secorJd major element of variability in the region is seasonal rainfall or 

summer winter rainfall dichotomy. Positive correlations are seen in the winter months 

of June July and August (traditional winter rainfall period) with negative correlations 

occurring in the summer months. The factor loading graph does not indicate any long 

term changes or significant decreases or increases in seasonal vegetation growth or 

changes to the timing of these gro\\llh events 

COMPONENT 2 

VARI;u!CE ~ . 3 4' 

Co, ..... , ...... 

Figure 6.6 Component two arid graph 
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While compooent 1 and 2 are relatively easy to explain components 3, 4, 5 and 6 are 

a little more diffi cult to interpret. Component 3 (figure 6.7) explains 1.37% of the total 

vanance in the data seL Positive and negative NDVI anomalies in component 3 

reflect a north south gradient, with positive NDVI anomalies found in the northern 

regioos of the biome and low to very low NDVI anomalies in the south. The spatial 

distributions of NDVI anolT\(llies do not reflect any known physical geographical 

phenomenon. The factor loadings of component 3's graph (f igure 6.7) are also 

difficult to interpret, while component 1 and 2 retumed definitive trends, component 3 

does not indicate much in the way of seasOllal phenomenon. The major element of 

var"lability seen in component 3 may have nothing to do with NOVI and may be 

related to the satellite system. Component's 4 (1.24% variance), 5 (114% variance) 

and component 6 (0.76% variance) reveal no significant trends or seasOllal 

phenomenon. likewise, the elements of variability associated with these bands 

cannot be attributed to any physical element in the biome (Component images and 

graphs are reported in Appendix A). 
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F>gure 5.7 Component three and graph 

The PCA identified key physical features pertinent to the study of intra·seasonalland 

surtace change. Component images and their respective factor loading graphs 

highlighted the various change components associated with a long time series of 

NOVI satellite data. Most notably the analysis could not identify koown physical 

features beyond the second change component Factor loading graphs indicate that 

average vegetation cover has not changed during the study period and that no 

significant charlges in vegetation phenology have occurred. 
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The purpose of the SOM analySiS was to classify the relationship between rainfall 

and vegetation growth Self-organizing maps provide an effective means of 

classifying and visualizing large multi-dimensional data. sets. In the present research 

SOMs provide the perfect tool for this dassification. SOM input. took the form of a 

text file made up of 4800 rows and 3222 columns. Each row consisted of the time 

series of each variable, while each c~umn cons'lsted of the spatial grid for that 

parlicular time step, The rows of the text file were used in the SOM as the input 

vectors The classi fication is based on these input vectors, Random codebook 

vectors, for each node in the SOM array were defined as an initialisation for the 

subsequent iterative dassification procedure or training of the SOM_ The SOM output 

was evaluated using the sammon mappirlg technique (see figure 6,8) to assess 

whether the SOM effectively captures the span of the data space without topological 

f~ding . Once a reasonabl y good mapping was produced, outputs from the (COD and 

VIS) files were analysed, The (COD) file contained the reference vectors or final 

poSition in data space of each of the SOM NODES The reference vectors for the 

NODES represent an archetypie<ol time series of each variable. defined by the 

position of the NODE in multi-dimensional d8ta space_ Each of the variaOies were 

then analysed using sca.tterplots and I'Inear regression, ind uded in the linear 

regression analySiS was temperature, Due to the lack of temperature data at the 

desired resolution temperature could not be included in the SOM analysis, Instead 

centrOids of each of the Nodes were defined and those that fell within the study area 

\\I€!re used to extract 10-day average maximum temperature from NCEP reanalysis 

data (Kalnay et al_, 1996)'_ Output from the (VIS) file produced the SOM map seen in 

fi gure 6,9. This map aoo the associated scatterplots are the final analysis output 

Only NODES whose reference vectors fall within the boundary of the study area 

(Succulent Karoo) as defined by Low and Rebello (1900), These indude Node 0, 1, 

2.6.7,12.13,14.18,19 and 24_ See figure 69 for a graphical description of the 

nodes that fall within the boundary of the Succulent Karoo_ 

I NCEP ,."",,~, doto 01'0 c,."""l y d i> l,b.JIe~ . t . 2_~' ,""w l (X'), The ;"e"l " Oludy .. , odeftlkon '" tile 1 Cl<m 
rc.oo~ion, The "'pi""!;""" of Lh ;; " , the a oaly.u. ..-c "'at tile tOfr4lOl',turc oot. ""'.M not be oou_ io :he octu," 
SOM M ol)",;;, " cauk! h"""' " b< ooL.dod " ,octiiary ~re'>i"" an'~>i' u>ir(l "",",I '*" ,""'" 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Chapter 6 
Results 

• 

• 

• 

• 

• 

Figure 6.8 Sammon map 

92 

• 

• 

• • 

• 

• 

Graphical output from the SOM analysis is seen in figure 6,[1, The map shows the 

geographical distribu~OIl from the SOM classifICation, Each pixel within the study 

area maps to a particular node Each of these nodes represents a classification of 

the time series of each of the variables discussed in chapter 5, Nodes fallirlg within 

the boundary of the Succulent Karoo are discussed. Their geographical distributions 

as well as associated scatterplots are also discussed. A complete table of correlation 

(rl values, r-square and variances can be found in Appendix C. 
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Figure 6.9 SOM output map 

6.4.2 Node 0 (Figure 6.9 and Figure 6.10) 
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The geographical distribution ot node 0 is limited to the Namaqualand regioo 

including the low-lying plains as well as higher lying regions of the Kamiesl:>erg. Small 

patches are also seen along the coastline and in the southern regions of Namibia. 

The Node tails within the winter rainfall region of the biome and may receive much of 

its moisture in the form of dew and fog. The scatterplots of the SOM variables 

associated with Node ° are seen in figure 6.10. The NDVI and precipitation variables 

return weak positive relationships with r-values of less than 0.3 tor all precipitation 

variables. R·square values are small with variance in NDVI explained by the 

precipitation variables never reaching more than 6%. While precipitation does not 

seem to playa major role in vegetation growth. temperature is completely different. 

The temperature / NOVI scatterplot indicates that NOVI and temperature return 

moderate negative correlations with 20,48% at the variance in NOVI explained by 

temperature. This is far higher than precipitation and has important consequences for 

this research. 
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Figure 6.10 SOM node 0 scatterplols 

6.4.3 Node 1 (Figure 6.9 and 6.11) 

The geographical distribution of Node 1 follows the boundary of the Succulent Karoo 

and the Nama Karoo biome. The node is also found in the Norihern paris of 

Namaqualand as well as the southern Namibia. The eastern paris of the node may 

fall within summer or non-seasonal rainfall regimes while the regions to the norih of 

, 
i 
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the biome ultimately fall within a winter rainfall regime. The scatterplots of NOVI 

precipitation variables and temperature are shown in figure 6.11, The relationship 

between NOVI and all the precipitation variables are once again positive with weak 

correlations of less than 0.25. On the other harld temperature returns a moderately 

weak negative correlalion with an r-square value of 0 14, explaining almost 14% of 

variabilily in NOVI 
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Node 2 she<~es e< similc;r ger:.gre<phic distribvtion to Node 1. In the Succulent Karoo 

the node occurs in the fe<r northern region of the Richtersveld e<s well e<s on the 

coastline a'ound the tm'Jn of Alexander Bay Scatte';:Jlots fo' Node 2. a'e shown in 

I~ure 5,12, Relationships hetwee~ rainle<11 vwia~les and NOVI a~e once again 

;:x1sitive ~ut very weak. Precipitation variables associated with node 2. show little 

relationsh'p with NOVI NOVI and temperalure retu'~ a weak negahe re:atior'shio 

with temperalure expl;J;ning only 5% of the variability in NOVI 
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6.4.5 Node 6 (Figure 6.9 and 6. 131 

Node 6 occupies a centra l region cI ttle SlICClJlent Karoo, which Includes Ihl:! 

Knersvlakte, LOW-land Succulent Karoo and parts of the BOkkeveld The node falls 

within the winter rainfall regltnf! . Figure 6,13 illustrates lhe relationship between NOVI 
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and rainfall as well as temperature Relationships are once again positive but weak, 

Correlation coefficients (r) are all below 0,3 with less than 7% of the variability in 

NOVI explained by precipitation variables, Temperature returns moderately strong 

negative relationships with 16%, of the variability in NOVI explained by temperature, 
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Figure 6.13 SOM Node 6 scatterplots 
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6.4.6 Node 7 (Figure 6.9 and 6.141 

Nrxie 7 oCGl.Jp'e~ a lairly smal' region around Ihe town 01 Loorie~lonle'ln, The fYJde 

folkJws the eastern border of tile SucCl.lent Karoo. Figure 6.14 iliL:strates the 

relationship ootW!)en NDVt and precipitation and NOVI and temperature Familiar 

pa~l<l.'ns are '''nmedialely evident Weak relationships exist between NOVI and the 

precipitation variables used in the SOM analysis. Correlations are weak with tile 

h'ghes! r-value 01 0 1636, Liltle or no variance in Ihe NOVI dala i~ explained by any 

of the precipitation variables. Temperature also returns a weak r-value. but once 

again lhis relationship is negative with only 7,04"," variability in NOVI explained by 

temperatL:re 
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6 .4.7 Node 12 (FIgure 6,9 and 6.15) 

Node 12 OCCUpi06 Ihe soulhem pans of the Hantan-Tanqua-Roggeveld region of the 

t;Mome The Node a ~ten(ffi rrom the west COClst (Cape Columbins) to the start of t~ 

Roggeveld Mrn,mtains. Tna node falls within a wel l-defined winter rainfal l region that 

• 
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Indudes !he Swartlancl Figure 6.14 illustrates lhe rnlatiooships balween NOVI and 

preapttahon variables used in the SOM analysis_ Correlation coefficients retumed 

'rom Node 12 indicate wook 10 very weal( relationships l ess than 2% of the 

vanabillty In NDVI IS explained by pfeClprta tlon. Tfunperature returns a mlXlerate 

correlaHon and explains more variability tIlan precipitation (11 93%). 
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6,4.8 Node 13 (Figure 6.9 and 6.16) 
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Node 13 occupies the RoqgevelrJ rl'Ountain range an[J lies norH'east or "Jode 12. T~le 

reqion is ",,,eli known as an e.tremely ar>:J area prone to regular drought events, 

Figure 6.15 illustrates the graphical relationship between precipitation and ~DVI and 

lerT",)er8ture 8nd "JDVI Correl81ion coeliic'enlS are once aqain weak with r-values of 

less than 0.3 with variance in r--<DVI explained by precipitation oniy 444':, 

Terl'pera:ure once again re:~rns rTXlderate negCltive r-VCllues Clnd explClins a little over 

11% of the vClriabillty in r--<DVI, 
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6.4.9 Node 14, 18, 19 and 24 (Appendix B) 

Due to their limited spatial distribution and the fragmented nature of the Little 

Succulent Karoo the rest of the nooes will be discussed as one. Nodes 14, 18. 19 

and 24 occupy the southeastern portion of the Succulent Karoo biome. Rainfall and 

, 
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F;gure A. 1: Component 4 and graph 
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Figure 0.4 Graph 01 NOVI and Temperature through time for Nooe 1 
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Figure 0.8 Graph or NDVI and Temperature throLJgh t"ne for Node 6 
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Figure D. 13 Graph of NOVI and Predpitalion through time for Node 12 
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FigLre D. 14 Graph of NOVI and Temperature through tim e for Node 12 
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Figure 0.15 Graph of NOVI and Precipitation thrctJgh time for Nooe 13 
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Figure 0.16 Graph of NOVI and Temperature throo:Jh lime for Node 13 
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Figure 0.19 Graph 01 NOVI and Temperature through time lor Node 18 
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Figure 0.20 Grapll of NOVI am Procipilalioo IhroLlllh tOme for Node 19 

0 
" 

, .. , , 
00 • • • • 0 • • 00 , 
00 " 0 

, 
• 
8 

'~'.'''',,.,,.'. ".".,,, . 

, , , 
• • • 
~ :s • 00 

, , , , , , 0 , 
$ • • • • • • • • • , 8 • • 00 " 00 
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Univ
ers

ity
 of

  C
ap

e T
ow

n

'0-" " ""_~, ,_._c_·, 
'''.;.-, ' ~ 

Figure 0.21 Graph of NOVI and Precipitation through time for Node 24 

, 
~ '0 0 ~ • ~ • " • , " 

f..\J \, vs_ Tl rr>p<r. tur. Nod< 2~ 

'",;r~ .. .,~", 

, , , , '. '. ~ ~ ~ • • • , '. ~ ~ ~ , 
~ , " • 

, , , , " 
0 , 0 '. " , '. ' . 8 , • ~ 

Figure 0.22 Graph of NOVI and Te"",e.-ature through time for Node 24 




