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To my ""n," .... " you U'aj;~emlent and 

pa1tleIlce th .. ,,.,,.nrhn.,,t this "" .. ",,,"',,,, 

To my I"V··;:'U.IJ"'l Stewart. you "',,. .. ·_"', .. ,,,,,, ... t .. v,,, .... ,"''''''''· advice and open 

door. Your pru;slcm for "the ;:'1,,1""._" of better" is gelllUlnely 

you to the Government and 

In 

in the process. 

To my and VCT 

is been a 

the 

To my and Thank you your 

process. 

most not 

out a list which 

to my husband 

be too 

and for 

Cawood. 

of the Western access to 

you and 

the and 

years. The stress 

me the time 

you for ",,,.ruth," 

I 

for 

to to 

you 

."''"'VJl'. ........ · .... and 

.11W,.." ... ·" you for as 

presence that you are. I I not have "'v ... p""' .... ·" 

the constant SU]:IpOrU\le 

your Uo;;l.lll,,(1.Lo;;U 

and enC:OUlral.!l:!m~~nt. 
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The ..... "'."'.1"""'"' 

The OenleIl1[S 

of 

use of within an research ... ,.r,,..,'''o,, 

.n" .... """n .... amounts nHVlU';;. It is 

with emlph.asl:S, can to ,;;lll ....... ",;; 

the 'u"',."v, .... within the of 

in the trrulsterral 

ml:rnn,g are not to contexts ,",V''''''.HU',/; but 

skills are scarce. de'felloprnellt context where tra,amon,ally resources 

th"'''Ill(lrh the use of "n""""'I0""" n,,,rli"\rrn data 

J .. nl'llrr·mp·nT of Local AV,"'''U,'F. in South Africa. 

are presen,tea to assess of 

UU.lLU"E> to aecaSllons 

The melmO(lS 

clusters are 

clusters were 11"'''''''''''' 

to 

to how members 

in terms of n".~·tnll'rn"'·n"". 

those 

when '"'v, .... , .... "'. the clusters .... "".un ...... 

their dif1fere:ncc~s 

n",,, .. ,,,O" .,'1'>'", ......... dif1tere:ncc~s between 

but a more 

the del::isi:on makers. 
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proposes use of data 1111.1111"15 as a "''' •• l»JlVU 111a1\.lUI5 The role of .... uw,"'" is not 

to better to 

the addlltlcmal ~laUVJll»l'"P» pn:seme:d in 

aU\.JU~'Ul~}" '""UU'.aUl~U in ,",VIUIl'''''' data aid the UUl""L.'VU of from the to 

decision makers. 

The use 

sectors that 

the Western 

residents the 

is tralrlltIOn:ally bUl;in<~ss, ron1l1Ll""'"'''''' there are many n('\'"_",,,,,,,",,,,,, 

vast amounts data that be 

this dissertation is that the lpr,,, .. tm,p ... t of 

who aim to use extensive to mn,rn'\IP service to the 

Data ,Hlun:,,::;. has a D01tenltial use not in terms of to vast amounts of but also in 

the 

,",UJlUU1Ul.U,"""H.J'1l of 

aer:StaIlOulg of the 

IVPlmplnT in 

mlnmlg in 

de,rel()J)I1r1e111tal context which 

ae,rel()J)I1r1erltal context concerns the 

as many of the ... ""uv .... " a visual 

context ro""",1',,,'" better and increased 

1 
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The nrr' ...... ,rl1 that be carried out to "'''''''Vl,!'''' the used of data ........ "5 as a "' ..... ,,"'vu ........... "5 tool 

context is as LVAI.V""". 

• most to "'1VUl,",IU context. 

• Present ... "" .. """,u makers 

• 

makers was two 

presen.teo In 

."""·",,,1.nn is taken It was felt 

re~)re!;entat!ion of ,.",nnff,-r! U ..... Ull..,."... n .. rfnrm was 

in Western to 

correslPon,oinlg to the data. 

is ......... ,'"' to 

June 2002 to June 2005 . 

to lack ....... ,,''''' ..... 1 in 

Local Government 

of HUUUJljO as a U","'l""'" H. .... 'JIUjO This is !Vl.V" ... " 

an introdtlcti()n melJlO(lS ", •• v" ...... A 

conclusions oe1vel<l)pe:o from 

process. 

2 
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to automlate:d ... ,-"n,,, ..... 

one 

research are two 

but 

domain , ... _. __ . 

...... ,'E.' •• " that 

,."""",tl" been 

is 

leadln,gto a in a way that would be H'~"U.:aHJ beneficial_ 

"'''''1-'<'0;;1 ti',,,"""""·" the U<1'-'HllVUCU role of the two 

UUlU"''''", as a ... " •• I""lVU 

This extlamls the current lm()Wle(ll!e for databases 

OP(!raltlOIls """p~I,. ... h leadio,g to the 

vel'Oplnelllal context. 

are various of data """""'e 

of this 

be as an overall process, 11 ... , ...... un':. and evaluation of 

more 

KDD process, in however it is 

the 

usefulness of the methods offered the of data HU"U'e that will becomes the focus of this 

the use of data uU,"W'e is 

with a focus on .... ,.~.rht·ti.., .... 

created data to store it all 

to able to it. There is no 

3 

or market related 

so much data 

and 

Statsott Inc 

reason as to DMlKDD be to 
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business sector hr.,,,,,,,,.,.... There are other sectors that have also of 

data a on in to 

and it to make better "''',",'''''''u" 

The sector n_f~'T": ",r"'"TlV to an1"", ... n",,,,nT in 

";:;""<""" to 

V''''''lIJ,pn<l'p cc)nceming the to 

de~/el~Dprnellt context there 

are resources and that area would a 

U"''"''''HJU'' made. 

of is to a current a 

'better' and create the to there. There are and 

in the to test 

and make reliable the role that in the 

and 

to the DMlKDD process as 

used with one as there is little 

evidence of to the Even 

4 
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.. ",.." ... 1:h, in terms the 

there is a on than the overall OR process 

is even less used within the 

most .. ",,,,,,n't<: of the U";;"l\},,,:> used. Hnu,,,,,,,, .. cOflte,{ts, it is 

data is 

create 

that are to ma](e better mtlDmleO ~M"~',V"". to ,,.,uwn,,,,, the of 

it in a more me;anilrlgn way . 

• ",,,,,,,uU'iU'~" used in Op€~ral[lorlS research are seen as ty"r'''Tn,p in terms a 

DMlKDD 

the DMlKDD process are 

to a new n" .. "TIr,n or as a 

data becomes 

rlii'tp .. ,,,nt to 

of "",,,,,,uV", of the situation to create a 'better' solution to ""1-",",.11'-," •• 

A 

concerns 

is not 

is also seen as nterOl!;CljJUn:ary in terms of 

process. 

between two 

assimilation the ...... 'um""'.'" 

As 

is in 

extracted from 

mt'OrDrlatlOn to 

characteristic "''',",",U '"',U. What is vital 

trallstc~rH~d to those ""' ..... " •• Vl'''''"'. 

in rather rerrlalnmg with 

but can benefit DMlKDD should not be used in 

final 

data. 

is one of the 

DMlKDD 

that in 

l"I.f"t", .. ,,,nt to the 

most effective 

that indicates 

OR process. 

In terms of the it is that much more to involve """""""'1"''''''''''. in the 

assimilation the process. It is however irnnr .. -tOl.,t as it 

is sta](eholders that add information in terms of the context of the 

5 
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to be created resource cOlnstraints 

n .. ,,~ .. "lt1r""" .. ,~" .. " .. r·n process. Not 

to 

understand and 

OR and 

extract Knl[)wledh:ze 

process. It is 

more 

would concern 

on 

and 

ml:mn,g as a U"'''I''JIVll llla"'U"5 

collect. The natural interaction 

is not 

are in 

presented are 

nn,,,,,rt'll1'l,itu to 

to np'IJPlon a "v ..... " ... 

between use 

are to 

l'-'IU ..... ll an 

a oro,tessl0nal to undertake 

process may cause 

in tum allows stalk:ehloldlers 

to new areas. 

OR process 

and '''" ......... 1''. a "Vi ..... ''' ... amounts data are 

6 
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for 

'-'''''v ... ,,,, an 

Data are •.. ., .. - .. J ..... J .. ~; ..... ,,;u 

is not n~(~~"'~lUI 

to 

When to 

as a 

a set 

it is not vital 

w.~.~ow, .. w~ of a hvt)otl!1esis 

in such a way 

This process 

to 

"research tlvrlotrleSf!S and 

a these 

in 

nVI)otltleSls is to 

to mtroOtlces the 

to tr".,,,,tt,,·1Y\ it into relevant 

itself the is 

not the 

to 

nature data in f"o,""""'''' clharlges, b1ecc)mlng more aUI.uly,run ""'v,",,,,''''''', the 

..... '" .. " .. ,," and processes which it is 

same 

the 

Data as 

of results. It is 

as 

some methods are more 

It is that of how data can 

is a need to convince 

to situation has not 

7 

it is 

The 

to use the 

the rell:ltlO'nSrnps in 

data in terms 

context however 

others. 

not 

are in most useful 

results to 
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and "' ..... "'., ..... " ".u'll.,.. .. "'. way to create trust is to 

jmr'nM'~nt nn"",.v,,. .. that the ""f,u,I,./'1(,,. in terms 

process is on 

is 

methods 

networks 

structure 

use 

if an 

In terms 

many 

to 

the 

and 

it is vital 

is 

to be a 'black 

results is 

be " .... n.u,'l". 

structure 

is much current software 

away 

to be done in time 

8 

to a UIU,UU" .. ,U and the 

to a nOll-e,mert 

to process 

such as neural 

.. " .. "uv ... " such as 

mailntainifLg the 

1"I,.t',.,,.,," ",,,,.,,.n,,',, and 

Even 

uv."., .. .1, .... to ,~"""''','' 

"' .... ,,.. .. ,",, and ,...u,un,tm .. "t to any 

as 

context do. Data not 

if 

need 

it. 

the 

can done 

if is 

to almost 
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so various 00lt1OT1S be ext)lOl·eo. 

The 'best' way to rp.nirp.<:p.nt ..... ~ .. v" .... ., ..... ~ between may be ,,,,,rn',,, .. ·,,,,, as 

progresses. Certain to exist to be to 

reo'resent these in an 

\Jv""uual in 

area in terms 

the lU~'U".luaU1"al and "'''''' ... ''''''''''''' t@·,..h,ni",,.·,, nTTPr"'n 

9 
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The up,eraUOIls ","",,,,<1.".'" process a context in which it 

be ... v" .. ..,' .... )"'''''''rT'm""nt of Local Government and lU)'U"J'UJ<, 

the Western of South be the structure of the 

order to better understand context of the 1-' .............. pJres,ented. 

data ... ", .... 0 nletlloclS are presel1lted with a ...... "" .... ,,, .... ' .. ones '"'U""""". the 

the process. 

the Western even the of residents are met. 

One of the current nrnu'r'r" of the DLGH is to create a "U<I.p., •. , ... of each Ul"""',11'<1U 

can be or sallSI,icllory 

this ... "' ... , ,..'m 

Western The int,nrnn,:,t'inn 

such that 

It was 

that 

..... .,' ... "" ... 1". the 

process 

in malCln,g 

DLGHto be 

deC:lslicms around as well as the 

to undertake assessments. 

A "' """.t.rm melnlJers of the DLGH 2006 it was discussed 

that a "'J<,."U",",WllL amount of was in 

10 
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CH.oJ>TER 3: RESEARCH CONTElIT 

Although thi< was rustorical data. it would pro~idc an idea of what could be reponed by 

mlDlicipaliTies and could Tberefore be used for the analysis proposed. 

The l.l.<efulnes, of data mining as a dcci<ion tool in governmenT is n01 limited to Ihis panicular 

situalion. It i< boped thai by providing a simple illustrnlion of some of the Techniques available. iT is 

possible to inform members of gowrnmenT about The greater potential contained within lheir dala. 

Along with this, it might aid in e,tablishing research collaboration between academic entities and 

governmenT deparunents. 

3.2 Structure of Government 
The South African go~ernment i< <eparated inTO three main spberes: national, provinc ia l a ,d loc, l 

(Burge, 2004). The structure of governmenT is laid on! as shown in Illustrntion 3. 1. 

, ,,"" ...-. .... , r""","" ,,, or t 

. , 

." .. _r:.~ . '" I 
""""""''''"-' I 

I 

J/fus/ratian 3.1: Struc/un> row junctions oj the Sourh African gorermnen/ 

For The ptlrpo:o;es of this dissertation it i< neoe«ary only 10 diseuss Tbe sTrocture and objectives of 

local goverumonT, focusing partioularly on the local government oftbe Western Cape. This is placed 

BI the very bottom of the government struoture, but is 110 le« imponant than lIlly other sector of 

go~.rnmenT, along with being the <eotor moST closely invol~ed with The residents of the country. 

II 
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of gmtenilinent as set out in ...... ..,"1.1.' ... 1 7 of Constitution 

a. to for local 

b. to ensure in a manner; 

c. to 

d. to and 

e. to encourage the of in matters 

and ,..,,,,,,,1IYI· ..... i·t.,,,,, 

be 

In terms 

are 

to carry out 

PTT."."ynfP use 

Town is 

to not 

in terms 

runlcuons are r .. ur"rr,p" as 

as 

be formed in 

act service 

a business context" 

1VIz,/nU;llJl'.ll .... Tr"rl1J'rp~ Act 

areas and are 

are six n1",·t,.n''\nlit",n n1ll,"1!'" "'<I in 

AV~~'~'~ in the Western 

to 

to 

Government 

p. 

on 

.:ITl"anf"'A 

to as 

cat(~golry B and C DOIQ-DlellroJ::IOlllan areas, referred to as and 

IM:r.tnlIC1D/71 Structures Act councils are ··nr.mo .... 

of a the ... "th"o-'"' with 

are areas a district U"';"U~.AIJ"U not 

to be nrr,VU11"(1 

""" .... ,u,"" ........ ""..m' .. o~Act 



Univ
ers

ity
 of

  C
ap

e T
ow

n

For the ""n"",,'''''<> Western 

the COIISH:u:n:u as " .... u ....... in ........ , ... ..,' .. 5.1.1. 

There are """""6 as a tool. are not 

to (KJlJm~:ets 

.M.;);)v\',1<1l1UH Rules 

Discriminant 

ueclslonilLlas:SlIlcal:lOn Trees 

Genetic 

Neural Networks 

There is no reason to one memOIQ over an()thc!r to process, if it is 

felt IlVJ)otlleSles of the are in fact of the process Data "".<4""6 

becomes a means of ,,"v.,l"'F<ot""T 

or in fact answers to 'U~'lL'II-" 

It is 

most 

n'"rTT~''' the .... ,.""v .. , .. ,,, ... ,, 

method 

the ........ ';:tH./U 

most int,po1!""c:t 

is felt to be most 

It is not necessary to use every n'lpthf'.fI 

oerwe~m the of 

as to which 

in the 'best' way 

as it is their 

at 

to 

context. 

but more 

'-''''' .... ,.1-' ..... of 1'\n1!",nnr·i~t" me1thocls for the presented is 

13 

answer to a ............... . 

may be 

that 

as to are of 

to rather 

be Neural 
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Networks 

the ., ... n. ..... v.' ... "'. 

this ..... "'~"r" .. 

the 

",nTn"n,~ ... n and therefore 

at their current 

the ,nn,,, .. "rn. the 

not 

was also I,;UIlS!Clen:u 

method. It was atte:mtlted 

due to the nature 

are not '"'v ....... ' ... ' 

.... "' •. u .... ' ..... ,"".1 ....... a group 

of 

to as aala-c.reTlirzea clusters and om'ni£In-11etl 

to that 

not inslghlttul cornpalI'ea to other 

of the results 

method has no of 

It is up to 

of case it was felt 

were too few between 

not useful to included. 

It was the use some form of also be 

was 

in few 

once a more 

other methods is out the 

The three to be used on the 

Trees. A 

laid out in 4. 

was a as the DLGH is 

in terms of and create method is 

of .•• _ ••. _ .... as 

DLGH . 

were 

It was 

this 

and the 

other the 

on the 

due to the 

and 

a 

much at a 

to some 

General 

methods is 

to 

to the 
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these to be cornpalfea to 

but this 

be considered 

n0I1-eJl(pen It was 

most 

and data 

process of data and int'~rnl"".t<Iti were 

were both in terms of the data au,,,..,.',,,, but in terms of 

process. 

and 

data set and time 

but more cOlnp:araOlll.tj between mUlIll(~lp~umles. 

A arose cOll1ce~ming 

census .... ,,""' .............. ,'u.-, • .., .. .. 

in terms of 

UVIU;)",UV'lU was a better Ul\J""G'UV'H 

terms 

.. .,t,,,,.,,,d to "'V'''''''''''''' 

LlU'.'UljUl\.,,, and compare the 

same 

15 

tiers 

to 

--o.,--~.,.1 Uj''''''AUI''. from 

leadinlg to less .... AjlU .... U". in terms of 

with 

in terms 

It was 

of 

IlVIJU""U .. ,U and 

was in 

not per person. It would 

in terms of 
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The are 

DLGH ODlm0I1-Cle~lm«!Cl 

into 

'''''', .... ,,>'+ to 

was atte~mJllted 

is not too ,,,,,·n";,,,.," 

such 

at 

I1jfjr"r~'.,C',,,,, between 

was 

diHererlces are 

In terms of the 

cross validation 

are on 

the 

''''''''''''T'''''' ..,,, ..... "v .. of managers of the 

that 

in Qe~aSli[)nS surrotmding the 

and it was even 

30% accuracy. This 

is rerun at a and 

concern. 

were 

with the data and 

with cross 

did not 

the 

and are in the current 

16 
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the lllw,traltlon the ''''''.'lll1'1'''''''' 

There is in to the amount 

was these 

data 

as most data are 

on the the 

and in terms of 

in set was rp<:'rrll"'.TP" to 

data COl1ltalltled a 

as it was seen 

less relevant. .. u, ... ,",,,, .. W)eful in terms 

UCIDi1llUn it would be 

necessary to do so more up..·m .. ,oal[e data. 

17 
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of the data. 

purposes, 

A 

of the U"';Ul'JU,," used for 

of how the metnold relevant ...,"' .... Ui!pUV. 

dlSCUS,Slon as to how each metnolQ 

is used to define groups of 

classification of 

can also be used to compare a nrcInCl"",rI th"''''' ..... 'h,..''' 

the this 

result Cluster is data 

of cluster 

that 

in terms of 

structure of the data represtmre:Q 

as 

Ul""' .... O."".l'U on the format 

"I-'IJUo;,U to the data. 

a 

"' ... ., ... ,u"' .... ""u to that 

cases et 

cases may also oeC:OIIle 

... "' ....... ,'" clusters and may 

There are two and nOll-hlleralI'ctnca 

the observation to all other 

are then formed that have the most in common 

the shortest "'.,,, ..... ',, .. between until all cases are in a 

group et aJ. results in a derldojgt'rum as a of the 

18 
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order and 

In llVJU-'Il<Ol or prutitionllng 

centre to which 

than 

once is 

<lU\JW\;;U to move and out of at 

group centres are and 

centres of cluster are then 

" ... ""i-k .... cluster centre 

process is and ends 

nWpv"r a range for 

the number COlrnDa.re~d in order to determine best value 

There are many ad,'an1tag(~s to stand~lrdjlza1:ion in main reason for its use is 

that most measures are ,,. • ...,,,,, .... ,,. to lU"'5"n,,,,,,,,,,,, between 

et is solved cre:ating z-scores '--'---'c> each and ''''I~tr' .... 't. 

the mean of the and in 

have zero mean a standard deviation of one. for easier cOlnp:ari~;on DelWf!en 

as are on the same mean and 

n"",.""",.. values m<',",""'II"1 .. rpT\rp,~pnt~ the number of ~tllnrl'I'ITrI ",,,",,,,,,,,,,,,,, the 

value from the mean 

A of Stano:arOllS<llUOiO in is to 

nn"",,.,,,,,t;nn not to the average score across 

In most cases of interest is the -~,,-.... ~ itnn'Clrt'~nl"p of one to an()th(~r 

can be found with 

stand:ardli~lticm removes response effects and is ",,',unal measure in 

is still used to across 

determine the et 

effects caused 

no one 

and thel:etore 

....... ,,,..,,,, .. choice 

of "n· .... ,.,":"'. 

the researcher Cluster 

as ............ " .. , but 

same results for a 

rnnil.,,,,.,,,, a structure on the data 

The second <:l1t"P,'tn"p concerns the 
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choice 

et 

variables. 

General 

groups 

does not in 

is no means diflfere:nti,atinlg relevant 

are 

mtlere:st to ascertain two or more 

a set 

the teC;hnlqtle it is I'V""HJlo;;;. 

to 

to siglufi(;anl:1:) 

is to "P't"lITnl 

the distance oet'weem 

"".r\l'Irj~hf\" between groups occurs 

n;::~~rt:SSIllJn. to use a 

any more 

between groups 

linear '"'''''''UU'Au.un'Ui> the 

groups, ,,,,..,"',, .. "',, of .nt."' .... 'ot but values 

are 

between 

a group are 

It is I'V'""AI"'" to more one del)enldirlg on number of groups in 

however to the nature these and 

the first few ·tunI'T"," 

re):tre!>entatllon of the ...... " .. ,,....,, ...... between groups 

"",,,'·nl!.he." and 

the group 

can be to a group, in terms of the 

dls1tanc;e to the 

",,,"0'''' ..... ,.tl"(\/1" of one of the main <In'''·(\<lI'I,,.,, 

'U~I.u".<U.IVV'i> Qlstl:ll1c:e measure. mean vectors the (\n""'.rVl'IlrlC\.,,, in each 

are true mean vectors group 

the mahalanobis distance from each observation to group centroid to be and 

group to it is """'''1;0.'. may not necessary be 

the nh",f"rvl'ltifln '0"'-- oJ came from and per'cerlta~~e of correct v'"'.~ .. ~, .. '" indlica:tes how 
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well the groups 

The 

hPT\UPI>n means, 

the 

that are created as a 

''''" .. ,,'''' ways. One 

~"a.uva ..... a" .. such that the 

is " ......... , .. ., ..... 

is to 

turns out to be an ",.cr"n"", 

detemllm~s that the number is the "lUCLlI'''' 

""""h,""'" less one. If there is more than one "'WI'VUI'''''" number or the number of 

,"v,m,,,,'" the 

to 

within groups 

a one-way ANOVA 

~v ........ v .. that there is no 

that the are 

lnt,,,.rn,,.,,,t:ina these "'''''''U'1111I'<111< HUI'..,,,'''''"' involves the Co(~tlIcjents chosen the 

groups this 

the contribution of its respecu 

however it does not ", ... "",,""'" 

...:t"t""t-t Inc 1 between 

purpose, 

structure 

"".au .... ' '' ... and factor structure "",>Ti".",,,,,..t,, are These factors 

It is also I-'""' .. a,,, .... 

these test for 

between the means 

between each and its 

"" ....... ' ..... rlif1F" .. ~.n ... '''''' between the groups various ."'''''HUt\.! 

ff",e",..""" between means of all the groups or more 

as is seen inANOVA. 

there is no need to the to zero mean 

to the This is due to the fact that the outcome of this 

unit variance 

is "not 

a1tiect(~d in any ...... n".-t.,.'t way the of variables" 

can however be reversed and indicates that it is in fact I-'VO.'''U,IO to use SlanmlHllS 

the the same format the data set may used for both and 

There are various one-way ANOVA to 
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determine canonical 

is the ass1umlptHlIn 

attectine: '"&UUI',",W''''''''' tests .... ,.1r"',..,." 

covariance matrix is the same 

and _.'~ ........ ,.~ .• is not met then the 

a 

is a 

However as some not 

mean a 

on non-[Iorm ,,,,,.,,m,n the to 

ass:it1«;atiion Trees are hi,.,.",."hi",,1 on a & 

Evers 

either be "to 

The procedure used 

and 

construct a tree are 

to 

& Evers 

one variable to 

et al. and ...... 1-""", ..... ,'1". 

an accurate classifier or to uncover the 

~h~IT',,{'·tpT'I<;:lrla the 

measurements on some 

may 

structure of the 

to 

& Evers aU.J "" '[Hit::. a 

et 

Tree is more up the set 

three main used to 

to at a and 

et 

is and so 

The are the are 
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more than the subset 

is 

& Evers 

are two main "'"' .. ",,'v,,,'" 

for 

node to 

there is 

a 

where no more decrease in 

one t'I",,'·rv,.tum in 

in tree. 

used for each 

which variable to use 

t:m~lrr.lan et al. 

& Evers 

one finds the best I.IVO.OHV"" this it COrnp<llfCS 

R",~irr"n .. et al. 

on each 

One 

the best to use in 

'anl:agl~s to 1=,'111"",,""1> Trees is 

r",n,,.,,,,,,,,nt the entire "",1<.111'" 

is no of infnrrn",t';nn as 

into 

classes. Each terminal node is a class mayor may not made 

of to and there may be more one node 

same "'TI~lTT".n et 

"',,'ll"""" rl~prese:nt~ltloln of the tree is not the 

cases. If all " .. HR,."''' .. C~JmeSD'Onamlg to a 

way to r"'l'1,rp,<;:p,nt the "' ... ""., ..... , ... '"', .. of 

class are considered tn<,,.tl,,,.,. a set 

the tree rules may be /1",lrp,nnlTIP,/1 

." ............ to these "u,,,,,,,,,,, make sense to ,.",,., ... ,.,,,,,nr "as 

"If ... 

ensure and that 

it is """,,, ... .,.,,, ... 1' to 

themselves are 

As with '-',"Ill,"":" there is no need to "r<ln{1,>rrl the data to zero mean 

to is due to the 

all monotone transtorrnal10I1S of individual 

same cases go and no matter 

As with General Discriminant this ........ ,,"", .... '" 

the may be used and the same 

may be used for 

in tree is 

and the 

K .. '~n""<ln et 

is no need to 

data set 
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As with 

.... "I"'pt·"'(",. .. '" to create a '-'l''''''''Ul'~'''.'VU 

one ac(:epted ..... a." ... r.,.. 

"'IN',rr",n et 

There are two main sources 

is to 

.... "''''"l'','' it is DOSSIble to use StCIDDJtne: 

suc:cesstul to grown tree 

the 

not ne(;es:sari 

a \Ai:i:>"Un;au.uu Tree. The concerns 

in a tree in term 

tree as I!'H.}Wlnl!' 

as 

prune it back 

to "",,, .. fiitti ..... ,, 

& Evers 

no 

a 

more 
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The 

data set was ,.. .. "." .. ,." from data made 

in the Western It is corltauned 

June 2002 th .. ,,,,nn.h to June 2005. 

nr"""""",r the 

was the most recent 

Local Government and 

Ue<:em,ber 2003 

'"'V'''''''U'U'U of 

and the June Prior to this 

The 

,"VAl""''''''' with the 

into 5 District HA''''' .. ''' ..... ~ .. 

were made to the qul~stiorurl.ailre 

much common between the two it was to eX1tralDolate 

data set. 

AU,"", ....... ,,,, all 30 

There were two main 

63 variables across 

",n.,,,,,.,;>nt in the 

13 

that were taken measured 

r"'nlr"'~:"'nt the service 

Rands 

ofa those 

in terms of counts or pel:celrl.ta:ges tnemceto1rtn ,.",1',,,,,,,.'11 to as service flP,liv,>rv 

There was a amount data Ull.';)UJil". the set. This is to various 

reasons; some sections not a as 

ctpali1:ies aal:lpte:Q to the new .. ........ Vl·"'. Various 

were to create a COInpllete "-"";:;u"'''' in mind amount data 
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CH""TER 5: DATA COIJ.KnON 

\he lime tunSlrainlS ",Ie.am lu taltL!I~liuns lhal need lu l>o lIs.d. a.(lemrlin~ 1U rely un methods with 

computatiollal bi", and mllch compuler usage with a, liltl~ human interwntioll a, po;si;k This may 

tall>~ <om" of the final observations 10 differ from tho"" e""l",ed ill the ori ~i nal qlleSli<Jllnaire" 

5.1.1 Removed 

fhere are Inree main rea,on, as 10 v. hy ter1ain observalion;< "ere removed from the dam ,el. 

Firstly, all value, r~lating to the Di'trict Munic ipalili., are de-Iet~d from the data ,~t a, a part uf 

thei, re,ponsibilily of the .:e type, of municipalities is tlie manageme nl of muni ci palilie' wi1hin 

lhei r diSlritt and Ihe ~ nal de~ nil iun uf Ihis parLitL!l~r role i, 'Iill ill lhe pruce" of Deing d<.tined , 

Along wilh \hi>. ll,e financial dala for W,e fiw Dislricl Municip"lilie, portrays " sigJ1i~cantly 

ditrer~nt ,epre,entation of performance than thaI of th" 25 local municipalities (il1e1uding lhe 

Cily of Cape Town) and therefore catlOOl k logically comparable 10 IIIe,e local munitipalities. 

rhe Cily uf Cape Town i, nO( cun,idered 1U be a Di,trict \1unicip"lily in this case a, it stand, on 

its own os a Metropolitan Mllnicipality and ca n therefor~ be conside-r~d comparnble to 11", ull"'r 

local municipalities. 

rile ,etond main reaSon 1U e,elude ubservaliollS is simply dlle to too much missing data. n,e 

de-cis ion is mad<. that when mor~ than 40"1. of the dam for a particular ,eetiol1 of the dala 'el i, 

missing Ihe ,ection is remov~d. This a?plie, to bolh \"driablc, alld municipalities. If 40Y, or "'u<e 

of all data for a parti cular municipal ity i, mL"ing. the mlliliei pal ilY i.' deleled from ~he dala sel. 

In Ih;, c~. b()\h Ol/dl,hoorn and /'ai"g,hurg are removed. leaving 23 municipalities to be 

analy,~d a, ,huwll in Table 5.1 . 

n:,ble 5.1. Map' of municl[>aiitie., chosell 

All Municipalities and Districts Municipalities Chosen For Analysis 
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the the if more than 40% 

are in is 

that the 

the 

13 a 

is not considered to the 

are "VI"'''''' ... ' ...... and any not 

are aellet~~a As a consequence all ('~tl~O'(1,rj were 

,"Ul'an.',"u constant over entire 

However the process is done in order to ensure that the data are useful to the 

methods 

various 

to 

of 

, ... "4V"'~ are not 

is "v."".',,,,. 

Once 

are 

more ''''''au.,,,, S11bstittltion 

of the 

In the case 

it is !-'V,''''''" .... to 

If there are 

and the result 

and therefore 

are 36 

""""UI'5 values. At this 

than the c0l1lsis1tem;y 

across 13 

in the structure 

account 

the 

size 

more than 4 out 13 

manner 

","J."U.VIl is 

lack 

23 

set and the ",",",'LtVll" 

within a 

and/or eXlrapOla'le the data to "" .... " .... " ..... 

linear iJv .• aLJ,U11 is 

does contain the weakness 

is This 

reduces the HUJ,U'-"<Jl HU.'~'1J'f'> data to 4341 
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If nn\J!JpvPI" are 

many 

any 

size ofthe set and the amount 

for each 

number of ''''''''''''1'> 

13 

is '"'v'''''''''''' 

"U,'",UI'!". data. 

a 

many nn<;pnJIITI 

nmiJVP'VPT it will most 

sheer amount of data. 

any of 

exl:ra[)olI1tlcm of a 

terms of 

will contain 

The outcome 

reduces the 

107 seCUOllS of the 

are .. U,,",U1l15 within a 

In case where all 13 nh""'1"'<,!>fI,n ... " for a ... ",,'1"'(,'111 variable are ' .. I""UI'!". a 

linear I"PCM'P';""\" is in to .. ,,~i""'OIt .. values 

The across 13 at 

are Investments and WaterIndHouse. These are 

as 

If a across all 13 it is 

same 

is it 

is 

values. If more 

one same variable across all 13 is 

that was from 

process substitution data. 
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The ,VAI,VnlUo:. in all the 

also the 

This lU ......... ''"'''' not 

As mel:lt1onea to a corlSldleralble amount of and 

UUatShO(')Tn are ... ", ... nn'J",t1 from This 

as ;;:cus;;:eCl_ any variable cOlltallmrlg more 

,,.,,,,,,.,,''''.41 .. , variation is removed from 

in Table 5.2 in <UVW:U-"'iLll .... ' with a 

23 

40% un",,"Uj,!; or not "Vll""'''U'!; 

36 

variable is to the ofit. 
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consumer .... ",J.VJ." 

to 
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CHM'TER 5: DATA COU.ECTIO"'-______ _ 

Eb:IndHouse 
Provision of free basic electricity: 
Number of Indigent Households 

Eb:lndMonetary Provision of free basic electricity: 
_________ .M=onetary Value 

ElecReconnection 

Investments 

LossElecTrans 

LossWaterTrans 

Overdraft 

PMS%lmpielnented 

RRlndHouse 

RRlndMonetary 

SanlndHous~ 

SanlndMonetary 

WaterDisconnection 

Wat~rlndHouse 

WaterlndMonetary 

WaterOthHouse 

WaterReconnection 

Number of electricity reconnections 
over the past three months 

Investments 

Electricity transmi>sion losses (%) 

Water transmission losses ("10) 

Owrdraft facility of main bank a«ount 

PerfOlmance Management Syst~m (PMS) 
developed/implemented (%) 

Provision of free basic refuse remonl: 
Number of Indigent Households 

Provision of free basic refuse removal: 
Monetary Value 

Provision of free basic sanitation: 
Number of Indigent Households 

Provision of free bask sanitation: 
Monetary Value 

Water losses du~ \0 illegal connections ('Yo) 

Provision of free basic water: 
Number oflndigent Households 

Provision of free basic water: 
Monetary Value 

Provision of free basic wat~r' 
Number of Other Residential Households 

Number of water reconnectiOl1s 
over the past !hn:~ months 

31 
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( HAPTE " 5: D AT" (CUE:::TJGN 

5.2.2 Municipalities 

[\ may b. of inte~,t to con, ide' th" 8"og'aphka[ location of <"nain municipali!i"s, panicular[y 

"hen comidering how !he data dus\ers them. The location and ooundari", of "ach municipality 

in the aJlal),si, • .,]ong with it, ,"]",,'aJlt district, ar" ,hown 0\ erleaf: 

West Coast District 
\hl!.ikama 

Saldanha Ba)' 

Boland District 

!3r~ede Valley 

Bngrivicr 

Swartland 

Stdlenhosch 

Breede River I Winelands 

32 
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Overberg Olstr lct 
llt~e",atml..loof 

Eden Oi~trlc t 

!\:JJUlaland 

-

CH..o,p' eR 5: 0 ... , ... COU~cnON 

\lo\St"l lby 

BilOU 
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Central Karoo District 
Pril1ceA lbert 

City of Cape Town 
City or Cape Towl1 

5.3 Standardisation 

C HAPTER 5: D ATA C OLlECTlON 

B~all ion West 

In order 10 i>e lIbl. 10 ""aly,~ the performance of municipalitie, throughoul tho W~'tern Cape. they 

must i>e comparahle. Thi, can be consiMred in various wa:>" 

5.3.1 Census 

On~ of the most impOItant f""lOr> is to standardise the d"t" in terms of the size of eath 

municipality. Thi, ,i7e can Ix mea.<ur~J in tWO J iffer.nt way, f,om the data ~,~ilablc, 

fX'pulation in ~ munic i pal il} Or Ihe num!""r "f ~om.h"ld> in eath municipality. 

TI,.,. ligures "'. r~]Xl11~d ~Y<l)' quart.r by ~""h municip,lit). but some re]Xlr1s opp"ar to 

inc .. ",e or decreas~ acro;;s quart~" at a rate which ,.eLl" im]XlS,ibl. and ",. therefor. 10 be 

comi&r.d unreli"bk Although less accurat~. "' the figures do not alt~r throughout time. a f"' 

mort ro~llSl estimate of]Xlpulalion si7e and number of hou.<ehold, is taken from tho 2001 censu.< 

dat~ ({emus Soull; Ajri"" 2001). The,e ~gure< ~r~ ,1>0'\1' in 'fabl~ 5.3 anJ dc~rly indicale (note 

in particular tl~ Cit~ of Cape Town) the l~ed for standardi,,,,ioll to be able to more accuratdy 

compo,. muni"ipoli1i~', It "as felt tl.,n. a, tl~ ]'<ohlem contexl rel"led to ,e,vic. &Iiver~. "hich 

is m<o,ur~d p"r hou,~hold in lhe vari,bks ",'"ibble. stondmdi,ation IJ) nun,ber of housel>old, 

34 



Univ
ers

ity
 of

  C
ap

e T
ow

n

___ _____ -'C>'".""".'"5,'-'D,.""."C,o,',','c;~,,o,' __________________ _ 

TaMe j.J - Municipal fX!Pu[ali{)t1 and household dala 

Municipality 

MaLtikama 
C~d~rl"'rg 

Bcrgrivi~r 

Saldanha 
Swartl~lld 

Wi !LCnb~[g 

Dmke'''tein 
S!dknbosch 
Ar~~d~ Vall~v 

Breede Riwr.l \>.'inebnJs 
Tkcwa!crskloof 
Overstrand 
Cape Agu lhas 
S\\·~ l l~ndall1 

Kann~lalld 

H~sscqu:l 

:>.lossel I3ay 
G~orgc 

OlLcibhoorn 
Hit[)U 

KT1ysoa 
Laingsburg 
Prince Alh~lt 
Beaufort Wesl 
Cily of Cape Town 

5.3.2 Statistical 

Population Size 

582C8 
39326 
46325 

'IC~39 

72116 

83567 
1911,18 

1 1117 OB 
1~602C; 

21272 
93277 
554~C; 

26469 
2eO! 5 
23971 
44'-15 

71494 
13518 n 

84691 
29183 
5140 

6679 

10S:.3 
37 1:16 

2892243 

Number of Households 

iH95 

:. :.223 
13363 
189ln 

18757 
2C46C 

46265 
35'-24 
35894 
21213 
24362 

19020 
7652 

761 7 

6:.54 
12660 

20258 
36190 
,-24~1 

" 9 4 I, 
- c·-'~ .--",~ 

1943 
26'-3 
9l:J 6 

778239 

'Ill en.,ure thaI II", municipalities are completely cClnpaHlble, os well as the variables being so, 

eoch variables across all 13 quarters tOr ~""h m~n i cipalily is 'tmislic"lly ,(.nu"nli,eu, Thb 

re, ult, in the mean far each variol,le ""ro" ,II n qum1e" heing yeTo "ilh. ,t.mi"rJ devi.lion 

of one, becoming compl~lely comparable in lerm, of me.suremen,- ,\ seconJ ,1I",d.Tdi s,ui on i, 

undortak~n in t~m" of ,!OmloIdi,ing e.oil ,,,i.ble across the 13 period , for e.ch lnunicip.lity, 

allowing for b~rter comparability ""twe~n lllunicipolit ie, .nJ v.ri"hles o"er time, 

~ot only i, tni . 'IOli,tic"1 'I"L>U.rui,.tion n""~,,,, ry f(]<' m.ny of llle ,~chnique, u,.d, blll when 

ollempting ta predi<l furthe, cb"ifi."tion, wilhin (;0"".1 Disc'rimin.nt .11,,"1)" [< <'>< 

CIa",itic.lioll Tree , il .llow, for ,impler computa,ion , 

35 
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CHAPTER 6: CLUSTfR ANALYStS 

There are clearly enough significant variables available in the results lei be able to discriminate 

between 2. 3 Or 4 cluster,. as in each of the three cases about 150 variables are found to be 

.ignifie.1lI at the 5% level and about 40 at the 0.1 % leveL A further consideration i, the pUJPOse of 

the cll1'!tering in the context of the DLGlI. Ideally. a'the DLGH is focusing on three clusters of 

municipalities ",hen dealing "itb performance. it would be appropriate for the data to show this 

same profile. However. "ith the number of municipalities in each cluster under consideration. it 

appears that a J cluster solution is unbalanced with Dra};e=~i" and BilOU on their 0"11 and of the 

two remaining clusters one is half the ,ize of the other as ,hO"'D on the geographical map in 

JIIll'>1ration 6.1. 

II Clwstu 1 
_ Chliderl 
i> Clllmr 3 

lI/us/ration 6.1: Geographical three cluster memhership 

Traditionally in Cluster Analysi. it is de'irable to resuh in cluster, of similar size with sufficient 

mnnbers of observations in each cluster; howe"er this would have to be considered within (he 

problem context. Even in the 2 cluster ,olution One cluster is almost half the size of the other: 

however this can still be considered appropriate as there are sufficient numbeTs in each duster. If a 

larger number of dusters is required then the 4 cluster solution is moTe desirable as although there 

are ,till h\o dusters "ith only two or three municipalities. overall they are bener balanced in terms 

of numbers. However. within the given problem context this requirement may not be a~ important as 

first appears. depending on the requirements of the stakeholders involved. There may be a simple 

need to distinguish those few municipalilies that are outperforming, or underperforming. the others 

",here numbers have linle con,ideralion or there might be a need \0 create ti .rS of municipal SUppoT(. 

in which case more balanced numbers are likely 10 be desirable. 

A, this analysis is undertaken in terms of the illustration ofthe lechnique. along \lilh one of the main 

objectives of cluster analysis is that there be as few dusters as possible, along "ith enough 
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significant differeoces between the clusters \0 b~ able to gather a cleM profile. the two cluster 

solution will !:Ie c()f1sidered in terms of profiling. The group memt..rsrup of the two cluster result", 

along with lheir distance to the cluster ayemge. are shown in Table 6.1. 

C~_ ''"''' "' ..... ","" 
._, 

So",','", '''''' g. "" .. , .m. 
-~ OJ'" """,yO'., .m, - c."" , .......... - .~ . 
.. "'''' ';, ... I\"".~ OM' 

,_ .. "" .m. 
e ... "",., ' .1'01] ~"""" .go 
,. .. "- o~, ,'''''''' m • . ~ 0_ 0 
,,"""', "." "'" '""" .''''~ o~. 

","'. ""'" """ "''''''''w.o o~. 

c", x,,,,.r_ 0_' 

The ''lIJ'iables that show significant diff= nces betw~n d" two Clll,tCL', ,an '" co",id~TCd in krm, 

of time as shown in lllustratioo 6.2. 

• • 
• 

• 
• · -- ·';CC __ -,~·'-,-----'C,·"·--~·"·,,:,,··.-c''''-,. •• • •• • •• •••• • •• •••• •• • • 

. ... . .. •. __ • _____ ._. __ ~.c·_·_· __ ._·,·c· ___ ·_·_·, 
- .. • • • • 

• 
:1 

• • • 

lllU5lralion 6.2: Significalll wuiableJ' in cluster analysis ""U lime 

Unusual observalions are BonkBalanc e and ('Dri,l/a for March 2005 "here Cluster I is much lower 

than Cluster 2 in a period where for most significant variahles (he opposite is true. In the earlier 

periods BankBolonce JUlie 2003 and CDCwnni September 2003 are higher in Cluster 1 than Cluster 
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C~"PTER 6: CLUSTER ANUY$l$ 

2. which again eonlradiolS the patte"" 'ecn "ith most of the (l{1~ ,'ariable" There appear> to ~ a 

dear distillctioll ~et,,~ell earlier and I"ter periods whore Chi,ler I initially h"-' lower ,oore!. than 

Clmter 2, bur after mid 2003 thi' change, amI Cluster 1 ,ho", higher aV<f"g~ ,cor~s )or the 

'igni r"am \·ariablc, than CI u,te, ". 

If lhe different type' of ,',.-iabie, "r~ consider~d, of the se"'ic~ deli"ery variable, only tlle peICClll"ge 

of water losses due to ill egal ommectiollS i, considered ,ignificam, This i, ollly fOlllld to be 

significalll for tile period June 2004 and Clustcr 2 is mud higher thall Chl<!er 1 Concernillg {he 

fillancial type \i"ria~les. 1m in{~re'ling p:.>im to nole is {hal mcdillm-{o-Iong_term deblors arc higher 

in Cluster 2 ill September 2003 Wi1h 110 such indic"tioIlS ~fore W,is point. implying tha1l~re may 

havc hcen 'ome specific ennt to cause thi, to ""<ill at thi' p"rti<ular tim e, However, after this point 

Cluste>' 2 indieale, significantly lower ourrent dl-blOrs. indicatillg thm whatenr occurred in tlli' {ime 

period ha; a signilieam cffcct on later poriods. 

Another factor that might be con.idered at lhi, p:.>int i, lh"t investment' in Clu,ter 2 "ere 

significan(ly highor lhan that of Cluster I in June 2oo3 and may have had some affect ill the change, 

of cluster pro Ii Ie' "round Septemocr 2003, a, it i, 1101 picked lip as ,igni/kamly different in any 

other reported qum1~r. 

\l is lIDl de", a( thi' poi111 a, to Wllal Icvel of de~t relate, to good or poor ,ervice Jeliver;-, but it i, 

dear that thi, is on~ of the mo" ,i.!>',i r,o"nt facl<J<' lllUl dise,i millUtes ~ctwecn {he profiles of {he Nco 

cluster" The le,'el of this, along witil bank 1>"1",,,e, ch.",ge, over lime; reversing lhe prol;le of tile 

clUSlcrs at II", beginning of the period to tllat at the end. The eXlenll0 whi"h Ihis dmlge ",cur.; i, 

indicated in T"bl~ 6.1. 

fahie 6.1: Si:z,n;ficant mrialJle level, prior/post S"pl~mba 1003 

Prior September 2003 P(j$t Septe!f1ber ~~3 
C~ster 1 Cluste r2 Custer 1 Custer 2 

BarlkBaJooce "'" 
,~ ,~ H~" 

CDClJ"rent "'" 
,~ 

CDRates "W Hl!Jh "'" 
,~ 

CDRefuseRem ,~ H'I!lh "0" ,~ 

CDSewerage ,~ "g, HO" ,~ 

CrBiJ kElE>C Hi~h ~w ,~ H~h 
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CH.O.PHR. 6: CLUSHR A.w..LYSI5 ._.- _. _. 

d. bCor:; and high er.dilun; il i, 1i);. ly lu hay. a high bank bal'nc. , ,nd y;,a . er"'-. The p"riod 

,urrounding JU'le-September ~OO3 is oot til. only one or int. r." howe"er. The quarter that indicat", 

the most numl>"r of ,'ariabl", with significaLlt differ"n,,", ""ween Ih" ClllSl"" i. in foct Jut><; 2(J()4, 

which i, ,hown in IIluSiration 6.3. 

,. ------_ . 

" • • • • 
" • • 
" • • • 
"' • -----

• • • • 
" , 

! j ; , • , 
I • ; • I , I • , , , • • , , 
! 

I_ Cluster 1 _ C\.Istor 21 

mU.I'/ration 6.3' Significan/ mr;ahlufor du.'ler onoipis ;n June 2004 

Fur thi, period in particular \ariou, type, of debtor, in elmter 2 ",e ,ignilicantly low,r IhaTltl"'t of 

CI",ter 1; howe' . f it aw",. that creditor. concerning hulk electricil), iTl particular aTld II", 

perc. ntage of \\'al"r 1m,." duo 10 illegal eon'leclions L, signifkal1lly higllCr for Cil1SI. r 2 [han elL,,!. r 

I in this qu1\l"t"I. This indical"' that simply k~~ping Mhlor,. 10\\' as guod (iTI.'L""ial praclise does oot 

TI~e~."ari Iy iL1dioak good ""rvic~ dd i"~TY mWl'g~tl"I<;l1t. 

II ;, inlere,ling to note that there i, 00 significant ditferenc" c..,tween tIle clu;krs iTl krm, of 

<OllSum. f debtors by nature of '''J'.-ice relating sp"cifically to "'kr ((,Olfill"r ), nor iTl 1m", of 

"lemieity loss", duo to ilkgal cOnTI~Clions (!:.k<DisconneaiOi') impl}ing ~,al Illere may not 

necessarily b" , conTl"otioTl ho;;lI\wTI srocific fiTlaTlcial indi,ator> and lh. a,I",,1 ' . "Iice d"li"er) 

figures Ih"y relme to. Thi, is conftrmed by tl'" fact lhOi :h~ ,uTT,bl;on belween eDllara "nd 

'lateI"D;""''''',,"CI;''!!. along with tile correlmiotl between erBulk Ele<' and EieclJ;wnmcl;"", for J IlTlc 

1(rn L, Ie" thaTl 0." iTldio'liTlg lil, ab\et><; ~ of a rel aliumhip belwe.n th . ,e ,'ariaole., 
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CHAPTER 6: c,.usr>"""cA"'"'"""O""'-________ _ 

When looking at tho ,.Iatiomhip betwe.n the,e variables 1I<ros> all periods Ihere "re n" o.Irong 

correlations. ullle" lhe correlation, are considered <pecifLcally in term, of tho nvo elust.r" Th.re are 

sli II no stroo~ correlations evident in C1u,t~r I fur any "f the peri od, "itt! all <orrelations e~c~pl on~ 

b~lo" 0 .. 1, h""e"er in Cluster 2 there are consistently hi~her correlations between these particular 

variable,. '.()f December 2001 in particular the correlation between ("rBulkEIe(" alKi 

Eie"D;,onnec/io" is 0.87 indicating a >cry ,Irong rosili"e rdalionship, rills indicates that there may 

he rutential 10 use tina<lCials as indicator, of service delivery; however the CUTT.n! 'y,tem would 

need to be impro>~d dramatically in term, of reliability hefore tili, could b·e consid~,,:d " reality. 

Realistically. there i, "lways lhe ne<:<l 10 c<lll,ider aCl!MI "'rYic~ delivery ligure, and comider the", 

il1the context of 11", reported financial fi~ures. 
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Chapter 7 
General Discriminant Analysis 

Clmle,ing Analy,i, h.i; d"t~'mirICd flow the municipalities nalurall) "Iu,t~r inl" 2, 3 nr 4 groups and that 

!Mr~ ar~ .munG 150 yari"bl~, root have at l~a'l one me"TI differ""l frC'ffi n", others aero", cluster.; at 1M 50/. 

level af <Lgnificance. Howe\·~r. nt"ny of tl""" ",..;,bles CGuid be explaining the ,ame variation in the d"ta 

and it would be do,irablc to 'educe the numlxor of variable<, al<o ensuring that the variables eho<cn are 

;r1,k~ri<.knt from on" arlO!]", tmd ther. r"r~ explain differ~nt Slrti"t"r~' nr y",i"tK'n in the data. 

General Di,erininant Analy,;. is used to ~lerm;ne which variable. bYe 11", highesl di,eriminalC>ry powe, 

bet".en d"'lers and "ombinin& Ihi, wiTh a step·w is. """I),;, ~"'UTe, tll"t m multicollinear;!) i< pr~,cm in 

the final "",dd. The pamm~ter' inilially eho«n for lho mod el"re such Ih"t Y"riabl~s ~nler the model aT tho 

I % I~vel of ,ignificance (p-to-enter ~ O,OI) and to leave t~ ~lOdeltbey must no longer be ,ignifLC"nl al the 

5% level (p-to-rcmove = O,5)_ TI;o,e pa,ameters are cho'~n specifically to limit tbe number of variables in 

lhe Jl\(>del 3J,d tl""~by allow fo' a modd contai ning bCll~' ,hilily 10 genc,al;s~_ 11< tl",s~ ; nilial cluste,_, have 

boen "re.t~d using 100 ,tr""lure, inher~nt ;n the data ;ls~ll; il is lik~ly litat () eneral Di<c,iminanl Analy<i< 

will peLform well "nd identifY the same ,ignificant v"riables "' tool in tho Cluster An"ly,;s; b.Y",~yer 1M 

'''''hniq~ al;;o Iemove, any Iedundancy in tbo,e ""iables, 

It is possible to ela,sify 'rIC\\' T~unidpalilie< ;nlo <['>Ceific ck<le" using the dise,i minant function> (Appendix 

IX) dewl"ped fmm Ihe,e m<Xl~b; tbLC< it would be mOIe "OIlsenative to "sc Ihe l<owOSI ya,iabl~s po«ihle itl 

tl", Lll(xl eL "' n<lt to enc"urag~ owrtitting. ti1er~fOIe .lIo",inl> I,,, be bo,l ~~ll<',"li;;atiM and r.,'pefully 

appropriate cla"ijication offunher municipal ities, 

Keeping Ihi' ill mind, when using General Di,,,,imiLl"nt AL-.aly,i,. il is p.}"ibl~ 10 le,1 wl",ll",r the Jist.nce 

bo(".en gwup eentmid;; is 'igniticant, F", lhe,," rar1icula, .n.ly:;.c< ther. are s" meny variahl~< availahle_ 

even wber. restricting the raraT~Ners as menlio""d aN,,"e, thaI it;s deci&d 10 cootin"" tl'" <ler"i<e analysi, 
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CHAPTER 7; GENERAL DISCRIMINANT AN ALYSIS 

only until these 'igniflcant differenc~. bemeen cluste," appear and there is a 100% correct classification rate 

ming the mooeL Thi, is not necessarily statistically .ound, but as the purpose of the analysis here is as an 

illustration, as well as the groups being detennined from the dat~ itself, thi' particular limitation of the mooel 

i, considered acceptable. 

There i, a further consideration that 10 be able to choose the 'correct' variable, for the model more would 

have to be known about the context of the prDbJem to be able to pick only relevant and genemlisable 

variable, to be used However for the JlIll1lO'<e. of these analy.e, and illustr"liom of t""hnique, the variables 

of intere,t are th"se Ihat are chosen using the data itself-

7.1 Discussion 

Thi, technique ,eparate, the cluster< by using" combi""tion of the vari.ble, chosen to be included 

in lhe model. If more than one combinalion (dimension) i, used me model aho ensures Ihal these 

dimension, are independent from each other. thereby explaining the most variation po"ible. Ths 

allows for a far more p,,,,erful ,epMa/ion of cluster< than if tlte varbbles had just l>e' " used 

individually a,<; in ANOVA. Although 1111 the results from the analyses are calculMed (Appendi" VI. 

VII and VlII) for the purposes of the illu,tration oflltese concep," the re,ulls from the four du,ter 

analy,is , halll>e u.ed. 

Although it would be l>eneficial to name dust"'" by tlleir defining chMacteri,tic", the analysi' did 

not yield dear or obvious results_ This was coofounded by tlte level of understanding of which 

variable, might indicale a group of municipalities showing good or biW performance in terms of 

service delivery, a,<; ooe of the objectiws of the analysi, was to aid in lhi, understanding. Therefore 

the dmtom are simply referred to by tlteir numeric lal>elling lOiven in the results of the anal)'si!_ 

7.1.1 Separation Using Variables and Dimensions 
There are four variable, cho,en to be included in the four cluster model in order to be able to 

separate the clusters of municipalities whit 100% accuracy. The most significant of the", is 

CD60·9()Day.! 2003 Deceml>er: however to illmtrale th~ eif<>C1 of the combination of variables, 

the first ,"0 cho,en varbbles shall l>e considered and CDSnt '",ag" 2005 Morch shall be 

included at this point The clusters of mtlllicipaiitie, simply plotted against these two variables is 

sho\\ll in llIu_tration 7.1. 

It i, dear in litis graph that CD6()..90D<1p 2003 O""em1ler clearly ,eparate. part of Cluster 3, 

BilOU in foct, from the other municipalities; ho" ever it i, ~ poor di5Criminator "hen anempting 

43 



Univ
ers

ity
 of

  C
ap

e T
ow

n

____ ,c,',',.,",., .7:, GENERAL..pISCRIMINANT ANALYSIS 

10 separate the other lrn-ee ciu-';ters from ea<h ottler. Looking at CDSe\1'"rag~ ::>005 :v1"rch. it 

appear, that thi' panicular vuri"ble ,eparate, out the cimter centres Guile dTccli\'dy. but only 

begins (0 define II", separation bet" ,en entire cluslers. jf cut-off points were mtempted on this 

variabl e il may he possible toj"SI separate Cin,te" I and~, ]lQ\\ever municipalities;11 Clusters.1 

~lld -1- "oulJ be clearly mi",]assi/ied. 

• 
• 0 

• • , 
r I • • 

I • 
,I ., • I .. , 

0 • • S • 
• "' . • • 

I_ Cluster 1 . Clus/Rr 2 • Cluster 3 .. c.;~ ... ~ I 

IIIus/ration I.! -' Mun;c ipa/iliel "!loinSI firsl 1\<'0 significant mr;oble.\' 
illJour dUSler GDA model 

The c 1",\<Irs (If municipalities ar. shown on the lirst 1"0 dimensions of the General Dis.crimimmt 

Analy.>is mod el, W,ut iooJuocs these same two \'ariahle-,> is 'ho" n in llllls(<a\ion 7,2, 
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+ CkJ&er 1 + Cluster 2 + Clu/;ler 3 ~ C""-ter 41 

muslFal iv" 7,2,' A/unicipuiil ieO' ugain.l'l firsl two dimel1siol1s in four duSln 
GDA lI1()(kl {'vnwini 11,<1; 1)>"£, l'Griabies 

lJil(lu is otlt" again dearly _,eparat.d from every oth.r municipality and tl" clu.,tcr< a,'e ,Iill not 

clearly ,epa"aled_ H"we"",'lh" s"paralion bC1\\ecn alilhe dmtcr< i, <i!!,nif1canlly more disiinci 

than in the p""iou< graph. TIli< is due to the bct Ihat both dimensions include part of th. 

e"pbnali<lll g.Lned f"ln1 tI", Iwo ,'ariahlc<, Iran<fonn.d in <ucll as way a;; to r-c,t '''parale lile 

duster;, Jnst u,ing cut-oil I",inls on Dimen,iQn 1 il woold bc p%,iblc 10 <cp.'"te Clu,ler I, 2 

.nd 3. TIli< would only came B,vede River,' Winelailds t" be miscl""illed lIS pan ofelmter 3 or 

O,-"hnMein '" part of Cluster 1, depending "he .. the cut-oif PQint betw.en th ... two dust"-' i_, 

mad._ It can be ",en dearly that at this PQint that if both dim.mioo, are considered, there are 

four municipalitie, mi,cla"i/ied by th" me>Jel, using lhe dotted ,ut-otf line , .s a marker of the 

midpoint b<:twe. n dusters, 

TIle graph abo indi,ales Ihal Cede"NIX from Ciu,lcr 1 and th" C;ry '!(C"fX' Taw" [rQm Cluster 4 

ha,e similar pwll)C, for thi, m<.>dd, as they are pla,cd ""ry d<"c w~",elher .1 Ihe lXlfl<lln "I' the 

gmph, This ,hows that lI",re i, a SIr<mg p,-",sihilily al Ihi, )Xlint Ihal either Qf Ihe,. 1"0 

muni,ipalilies mighl be misda"illed by th" model, as mighl Illtzmhcrx from Umlcr I whi,h i, 

pla,ed at the tQP left and a ,ignill,ant dislance away fron1 the reS( ,,[ it, tiu' le,' It i, inlcre<ting 10 

oote that Beauforl \'''-esl fi-Qm CluSlcr 4, which w&, originally parI o[ CI ustcr L ;$ aClU.lly pi a,ed 

os Ihe top-len "b,e"'.li"" r-cIQrlging IQ Clu,tcr 4. TIlis i, c[","'1 I" Ih" c[uo;I"r ,cl1lre Q[ Clusler 2 

and therefor. implies (hal B"auforl ,V",I has lTlorC in C"mn1(m ",ilh Clu,ter:; howe,'er il ,hould 

b<: kept ill mind tl1.t SQ f", Ihe model o11ly illcludcs (I'D "ariables :md therefore dQes not 
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CHAPTER 7: GENEAAL DIs.c~lJ.\jNAN l ANALYSIS 

~~,>arily repre,ent a llood generalisation of the relationship betwe~n municipalities. 

Althongh the firsttltree clusters can be relatiwly well defined by the model including only these 

two voriables. it is ob,;ous that even ifDim. nsion 2 is considered, to ,eparate out Cluster 4 from 

Clusters I and 2. ot""," variables will be required. The final two variables that the mood requires 

to be able to clas,ify municipaliti es with 10ffl'O accuracy are EledndJ}onerary' 2004 March and 

(,DS~~'''r"g, 2002 lUI"', The graph of the fem c1usten of municipalities on the first two 

dimemioru; given by tllC' model. together explaining 91.95% of the vruiation of the mood, is 

,ho"n in J11ustration 7.3. 

• 
" 

! • 

, , , , , , , , 

, 

., • 

mustralion 7. 3: Municipalili~s against firs! 11\'0 dimensions in jour cluster 
GDA model contamingjour variables 

The four dusters are d early very well separated by the model, "ith 100% accuracy being ,hown 

by no municiplliities lying over their r.spectiH dotted cut-off points indicating the midpoint 

between clusters. Any further variable, adMd to the mode l at this point would only further 

enhance this separation, becoming superfiuou>, Using a combination of the four variables. 

Dimension I clearly shows the separation between Cluster I. Cluster 3 and Clusters 2 and 4. Th. 

model does however require Dimension 2 to be able to fully separate oUl the clusters as C1ust. ", 

1 and 4 ovtr]ap on Dimension L This does lKmever conflI1ll the bot that Dimension I e>.plains 

70.14% of the yariation of the model. to "hich Dimension 2 add. 22.18%. The final dimension 

only adds 7.08% explanation and therefore can be comidered negligible. 
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CHAPTER 7: GENERAL DISCPlMlNANT ANALYSIS 

Concerning Cluster 4, both tile City of Cape T",," and Beau/on n",r, which Were "ery close to 

Cluster 1 and 2 respectively in the model with only the first two variables included, are now 

clearly separlll.d out to the ld't. Kn)~na r.mains between Clust." 1 and 2 on Dim.nsion I. but i, 

now separated out usingDim.nsion 2, 

Tj~ only other notable feature on the graph is that Masse! Bay and George from Cluster 2 are 

placed at the top of their cluster, very close to Clust.r 4 and lherefor. are likely to have much in 

common with the municipalities from Cluster 4, although not enough to haYe joined them in a 

separate cluster. 

Now that it is clear that the models are capabl. of separating Ih. clust.r, using combinations of 

significanl variables, it is possible to analyse these variables in terms of attempting to ascertain 

v.h.th.r there is any similarity between the models or any time effect evident, The actual profiles 

and defining characteristics of th. clusters for allth,.e models is giv.n in Appendix VI, VII and 

\11l 

7.1.2 Time Effects 
1be abo". discussi()n e<>m'cmed only the variabl., from lhe four duster model: ho",.v.r to 

analyse Ih. effect of the variables on the clu,rer profiles in term, oftime, the significant variables 

from a11tlvee General Discriminant Analysis models will be considered It is jnt.resting to note 

that the variables that relate to financial data in particular all COllC.rn a municipality" consum.r 

debtors; however there i, 00 similar distinguishing f.ature in tho,e variables that relate 10 service 

delivery. 

Illustration 7,4 show! lhe cluster averages for all th. significant variables, using; four clusters. 

Thi, particular choice is made as Clust.r 4 is made up compl.\ely of municipaliti., originating 

from Cluster I ond Cluster 3 consists of the two municipaliti., that had the leasl in common "ilh 

Clusters I and 2 originally. 
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IllusTration 7.4.- Four dusla awrages aCross all significant GDA rariables 

n.., molt noticeable gap ~twe"n clusters is for ('D90-D:1),' 2003 September, where Clusters 3 

and 4 show moderate values. but Ciusten 1 and 2 show the most exj,. m. valu"s of the .nli,. 

graph. Other noticeabl. variables a,. CDSewerage 2002 Jun" which clearly sepJrat., Clust"r 1 

from the O!kr three clust"l'S, and CDfI'mer 2()()..1 D.c.mber wh'ch "'par.l." Cluster 3 from 

Cluster 2 from Clusters I and 4. It is nO! that surprising thai this variable does not "'parate 

Clusters 1 and 4 as it "as found significant for the three cluster model and the municipaliti", 

from Clu.ter 4 all come from Cluster J, giving tho model no reason to treal them differently. It i, 

howev., surprising that tho four clus~r modoel coo.., CDS."'lffflge 2002 June as most significant 

in being able to '''Paral. tile four clnsters as it appears at fae . valu. that there ar. various other 

variahles that would be able to do this mOre clearly. 

Variabl.s that separat. the four clusters relativ.ly evenly are WalerOlhHoU5~ 2003 September, 

CDRate .• 200~ June and CDSew-erage 2005 "furch and June. All of these, except CDSe",erage 

2005 March chosen in the four clllSl. r model. were choson as significant in the thr"" clun er 

modeL This is a linle <urprising as t~ sa)m variables are able to ""parate Cluster 4 quite 

clearly from the otiler thr.e clusters without simply lUating it as part of ClllSler L therefore 

indicating that they may contribute to the differences between Cluster 4 and the remaining 

municipalities in Cluster I, 
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________ _ _ _____ cC~"",",',',"c7~"G~',",'AA~L DISCRIMINANT ANALYSIS 

HO<l,inl' (DLGH) at the feedback ",ecling. VariQLl'l hypothese, were di5CUSs.ed a, to what 

.ll\'irollnl~lltal changes ,,,,curred during this ra11icuiar pcrirxl IO cause th;, change in Yalue,_ 

obviously t..ing more ditficult to ao;.;;.,'tain due to working "jthin hi.,lori'-ai conl.,,1. Aililoul'h 

the,. S<"Llarlus would ])ccd 10 be folklwcd up, it i< intere,tillg to note that there i, a sjmng 

possibility (hal (h.s~ chang~s ar~ <'101 simply due to the data itself hut bave becLl caused by 

e"tem"i tJC'jors "nd are found to have J ,ignilic-ant [nil","". during lh. data Mal y,i,. 

7.2 Application of Model 

The followinll scctiOLl show_, how GOl1or.l Discriminant Analysis might be applied in term, n[ 

attempting 10 .ssign a '"OW' municipality iolO "rIC of the r".,dctermi""d clmters_ Ohviously. this '<>cw' 

municip"lity i, only onell"'l 11<,-, nor been includ~d ill tho analysis th.t huilds the model If there 

.~i't' a municip"lity that did ,,,,t conl"in eLlough Jal" to be inciuJ.J il1lile analyses_ but do;,s contain 

data /i-om the "ari"ble, pic-ked a, ,ignif«ant in tile illl"lyse" it eilll b. a"igned to "cimter u,ing tho 

data from the,e particular yariables without needing ill1y of the data "hieh it ha, oot been able to 

rerort_ This would allow fortllC !"lS_'ihility that "hen a significant !"'rtion nf data ale missing in a 

municipality, making it ncar impossihle to identify ils overall rcrfmmance. it cnuld be cbs_,iHed as 

belonging 10 a I'IlTlicular clust.r anJ u~,.fo,~ mo,1 likely ha\'e a similar performance praHl" to the 

other municipaliti • ., in th"t cluster. 

Although it would be ideal to be able tn eiJssify another municipality into it' r.,p ectiv~ duster using 

tile discriminant functions, both OudlShoorJ) or wing.I<",.,.. tilat were originally remnved from the 

analy,is, lack full data for the relev.", \'ariattle_, _ 

Uudllhoorn doe, howeWI h,,"e mo,t of the data av"ilable "nJ at l.a'l on~ Ob'.l"\'"tion for e".ry 

,,"riable undel consideration, if not in tbe correct (ime period. for all n",de]" As the two clmter 

ll",del Ikc' the fewe't yariables needed it wil I be used fur tile pur!",,", nf ill",(Iation and UudI"I!oorn 

will be con_'idered usin g the following ,(andardi,ed values calculated frnm the origin.1 cat., 

CD9(]+D~ys 

EleeRecoonectioo 
SandlndMonetary 

2003 September 
2004 March 
2005 M'l'Oh 

The discrinlinanl fUTJCtiol1 for (liC (wo du,ler model is 

50 

0,3378 
-{).5262 
-1,2727 



Univ
ers

ity
 of

  C
ap

e T
ow

n

CH,o,PT~R 7: GENEIW. DISCRIMINANT AN,o,LYSIS 

Therefore the discriminant ,'alue for OlMilsiworn using the alxl' e values is; 

The graph of when this particular value is plol1ed agaiust the other observations from the two cluster 

general discriminant analysis, along with the 1WO group centroids. is in Illustration 7,6, 

• -~'1"- - • 

• • 

l/lus/ration 7.6- Oudtshoorn discnminanl mlue on 110'0 ciu.sler GDA model 

It is cl~ar from the graph above that ""cording to the "·vo duster discriminant model and the values 

that ha\e been used to reprosent OudlShoorn, the model would classify this municipality as part of 

Cluster 2. If con,idered purely on the distance between Oudtshoorn and the next closest municipal ity 

using these particular voriables. it appears that Oudl.<hoo", has the most in common with So/danh", 

both of which are the 'closest' municipalities of Cluster 2 to Cluster 1 indicating that they have the 

most in CO!DIIKln with it, bnt not enough 10 actually fonn part of Cluster 1. 

further discussion concerning the 'true' classification of Oudtshoorn can be found in Chapter 9; 

ho\\e,'er ;t is inf~r~sting to note that it is possible to gain some insight into how this municipality 

might be gronped with the other municipoalities, e,'en when missing signifICant portions of reported 

dara. 
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Chapter 8 
Classification Trees 

Although tho variable, that slICcc"fully discriminate botwoen cluster< have now been idontified. thoy may 

1101 all ~ ""'c~""r} 1" ~ "hi. 10 "JC~e"full)' d""ify m~nidp"lili.s i11fo ,!>,cific chlSlers . .'\100& willi Illis. 

allhou!\h Ih. ""liable, m"y haw ~.n i""ntitjed. th"r~ is 00 simpj~ "JI-offp<>inl for ""en \'uri"bie 111,,1 Mips 

to del.rmine into which cluster a municipality will tall. T]", following analysi, us~, Classification T",es to 

del.rllline not only 11", [,.,st variable, tl"~t ar~ strictly neces",,}, to be abl~ to classify municipalities Lnto 

cluster< wheLl using all obsorvation<. but also whallc,""l, of "..ell variablo load to lhi< cla"ifkatioo_ 

Cia<siric"liull Trees call be repre,ented graphically. Uf by ,>;ing" set of deci , ion ",les, oolh of ,,·I1 ;ch all"", 

oil,., 'n;,v': l1lul1icipajili~, 10 N da,,;r,ed inlo o"e of Ihe pr;oder,,,eJ O(wups. A, ",ilh Ille conside,"lion of 

owrtitti:lg in Oe"","1 Discrimi"a"t Analysis, it i, noted that tl",re are few ca,e. to b" classified and ma"y 

more vaciable. available tor the choice of 'plilli"g_ Ilo"'ever: a, there ore at nlilit 4 cla"ification cla",os a"d 

the treo will therofore never be partic"la,ly larg<, a Ir"" with only obser\'ation-; from one cia'S in eadl 

\erminal node ~a" be consider;od, leading 10 " WO"/ , ~orrecI cia"ir;calion ,ato_ Allfwugh this partieul"r 

technique has bee" gros,ly simplitied ,md may ])ot be pa11iculm-Iy useful g~ll<'mli,ing 10 new ,1"1,,, it i, """mt 

a, "" illumation. It i, t~lt that the lack 01 reliability of the data justifie, tile use of the entire tree. especially 

a, it has been grown to classi!)- clu,ter< that were dotermined from the ,tructure inherent in tho data it<oJf 

TIlj, docision implie< that there will be no allempt made to pnll]o the lree 10 it< 'idoal' ,b,_ 

In 'pile of lhose limi!a!i,"", an attempt wi]l be mado l() cla"ify OudHllO()rn ill oach analysi< a, lhi , 

municipalil}' wa, 001 ,~iginall}' u,ed due 10 lack of dat", b\~ has reported d"la ",'ai lable for all 13 period, for 

Ih~ ,!>,ci r,e variable, idemitied in the Irees, 

8.1 Discussion 
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CHAPTER 8: Cu..ssIFIco.noN TREES 

X. Xl and XII. To illustrate 1he eas~ 10 which the decision rul'" "re represent.d graphicall y, the u"" 

classifling: all municipalities into two cluster< is shown in 1I1USlra1iQll 8. 1. 

I 

® 
J1/uslralion S.l: Classification treejor 2 dusters 

It may not be clear a, to "hy CDCUl7TnI 2()()4 June is chosen as the variab~ \\hkh 'best' splits lhe 

municipalities into the w'o <lUSlers. Briefly considering this panicular \ ariable for all four quarters 

of2004 (Appendi.~ XIII) it can be seen that although the two clusters cI~arly overlap in all cases, it i, 

June 2()()4 which show, the best split of the two dusters as s""n in 1ll1lStration 8.2. 

,t---------------

_u2O _Hot ~ ... _''-'71 ~.15Z 0._ 0.007 1,100 1,525 1 ..... 2."" 

ll/us/ration 8.2: Municipal mlues ojCDCurrenl 20W June jor 2 du.,lers 

The split is howewr still tIOt completely clear and in fact Bitou initially splits with Clust~r 2 in the 
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___ _______________ --'C, W',l' 8: c_'.~~j I IC ... ,JO N T,,_,"~ ______ _ 
tree and require, a funher split for alilhe rnun icipalili'll 10 be able to be cl~sifkd correctly. The tree 

it,elf is deceiving in this regard as me structure implie, that the number (If municipalities in each 

terminal node is evenly ,pread. A clear graphical ill115lration of exactly how each of the 

muuicipaiit i., have been c1assifiO'd j, in Illustration 8.3. 

, 
i 

i , 

, , 
, '. , . , . , . 

-=-=--='"~ - -.- -.t--_0_ - - - -=-=-. 

." " ' ---~~; <j-'I-, 
'. ~ 

" 
, 

" , 
• 

• , , , 
• , 

Il/usrralion 8.3: Jlunicipalilies p lalled on ,-;gn;ficunt wriables for 1 clusters 

The inilial split on CDCum"" 2004 June b , hown on the ,,-axi, where the cut-offpoint almost 

perfectly separates the two cluster., leaving only Birou from Cluster 1 with Cluster 2. BankB<1iallc<! 

2003 March i. then cho,en by the model to split Biro" from Cluster 2.., ,hown "jlh the cut-off point 

on the y-axis. 

It is much more dearly shown from Ihis graph 110" une\'e~ly the spread of municipalitie, is in the 

lree. In filet, for this particular tree it "(luld be m(lre useful "" a generalisation if (lnly the first 'p li, 

"as used and Ie,s than 100% accuracy of cl""sification was accepted. 

When considering th. tree for three clusters (Appendix Xl), it is once ogaiu ClX'I"'Y'nI 2004 June 

"hich is chosen fo.- the initial 'plit , eparating Cluster I from the other t"o clusters. This graph 

sh(lwing the ,'alues from all municipal;ti .. for !hi> panicular variable (Appendi.\ XIII) again clearly 

shows this split. 

Ho"ever. when splining Cluster 2 and 3 from each (lther at the neAt step, the model again choose , 
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CfiAPTER S: ClASSIFICATION TREES 

B"nkB~"mc~ at thiS le\'el, btrt from the period 2003 March ra/her than 2002 September. Illustration 

8.4 dearly shows how This variable woold be useless in being able to split Cluster I from the other 

two clustors: however if ClllSter I had already been separated from them, then BankBalanu 2003 

March easily separates Cluster 2 and 3. 

l/lustr(1/ion 8.4: Municipal ra/tles 0/ BankBa/am:/! 2003 March/or 3 c1uslers 

It is dear that the reason this particular vari.ble wa, not chosen in the two cluster tree is that Birou is 

joined by Drakenslein in Cluster 3 and the-refore lhe t\Oo cluster mooel would then have split 

Drak""sl~i~ along with Bito" into a terminal node and it would the-refore be misclassifiro as 

belonging to Cluster 1. The troe would require a further splillo completely ,eparate the clusters. 

Finally, when considering the four cluster tree (Appeooix XII) it is ("DRain 2004 June that is chosen 

for the initial split, unlike the other mo tree, that both used CDCW"l"f"m 2()(14 for this first SpliT. It is 

interesting to note however that boTh of these variables are from the same period. II. all of !he 

municipalities in Cluster 4 originate from Cluster I it is clear that this change in variable choice is 

necessary. The difference betwe"" The split ofille four clusters "sing COC1lrrenl (Appendix XIII) 

and thai ofusinll CDRar~, is significant. wi1h CDRa/e. showing a far better split of clusters "-' ",on 

in IllusTra1ion 8.5. 
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CHAFTU 8: CLASSIfICATION TREES 

• 

, 

[. CUster' • CUster 2 • Cluster 3 • Cluster 4 [ 

lIhwralion 8.j' .Municipall'Olue., of CDR are" JOM Junefor -1 duMa.' 

r~i, slight d,"nge indka!e, thm w~en (J.dLning the du,te", there h", been a pm1icul", focus on 

consumer debtor; for the period June 200~. It i, only when "'parating MYla. Beaujort fI,m and the 

Cit)' oj C a~ TaWil from the orh" municipalitie, that the lOcus ;;i,ifi, 'lightly from current conmmer 

d~btors to CO/l'Um~r debtors relating 'pecifi cally to 'OlO'. 

As ,een wi~1 the two clu'ter tree, in the roor cluster tree there i, One llluni~ip"lity that 'plit, 

in<:onectly initially "nd therefore require," timher ,plitto be cla"itLed into the cOfrect cluster. In the 

two cluster tree Hi/au splits with Cluster 2 wllich was not surprising; ~owe,'er in the four cluster 

analysi, MYsn,;, initially ;;plit, with ClllSt~r 1 in'tead of with the other} cim!e", T~i, implies that 

although KJJp'Iil i< p.rt of Cluste' 4, .nd the three municipalirio$ in Clus!er 4 all origi".to rrom 

Clus!er 1, My.",a h.s [[;c Ttl(ISl in NrllmOn with the relt OrCluskr I "hen compared lO!he ot~er two 

municipalitie, in Cluster~. 

To clearly "'parate Cluster 4 from r~e other th,oe clmte". BallkB';'/a,1'-'c i, chosen by the model. In 

,.parming K"ysna of ClllSt~r 4 fLOlll Cluster 1 the p<rioJ of JUM 2003 is us~d; ho",,'., when 

..,parating the rest of Clllit"' .. from Cllliter 3, !he p<riod June 2002 i, considered. T~is il1die.tes th.t 

BankBaial/<:e i, al1 important v.riable "hen defining the ~luste,,; ho"'evcr is ir usoful ""roSS m(lr~ 

th"n one period. 11 is illl<r~stiJlg 10 !lot. that for this particulal' t'"~, ~,'ery 'plit use, variables from 

Jun~, further indi~ating sOme import",,,,e frolllthi, quarter i:l ~ach y.ar, 
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_ _____ _ ________ -'C'"'M"",'ER 8: CLASSIFICATION TREES 

A fi[\iil "oiC js Iha! not one of the service delivery type 'ari"hle s "r~ chosen h~ any of the three 

models In split Inc cluSlor,. Allholl&h ol\ly a f~w of this type of\'ariable were identified ill creating 

the dat"-driven chlSters initiall,. Ino file\ (hO( "nL\e a'" idontified "-, significant ill \hi, particular 

""al,.,;, indicate, that t~ pJlt;:m, inherent in Iheir d"la is I"" tlcor \him rnr tho finanei"1 \)P" 

y",i:>bks 

8.2 Application of Model 

Alth""gh there are no 'new' municipalities \0 cl",,;fy ",ing the tli",;ifk"liC<llrocs, ixlth Lail1KShurl( 

""d Oudl.l'hoom were removed from the analysis "hen d eaning Ihe d"ta '" t~y " ere C(HlSider.d \0 

"o"e I (Xl muth ",;ssing dota to be >UlJly,ed reliool,. UnfOllunately. Laing.,-burg continue , nO{ 10 h",'e 

the da\a ,"q"iremen\, ne"d"d \0 k able to clas.ify it in thi' analysis: l;m\'~' ~r Owitlhoom ha, the 

required reporled da\" (l<;ro" "II 13 l"'riods ro' Olith or II", variables that have been found signifICant 

in lI;e Classifitation Tr;,es. 11,e relevallt data. once ,I ""dardi",d by the nnmber 0 r hou5eholds in the 

mn" idralily. as well as statistically. is shown in Table 8.1. 

BonkBOIonce ~" "- _1,49246 

EllrnkBOIonce "" September _1,49246 

EllrnkB*lonce "" , .. 1.:o:J249 

B<rnkS .. once ""' "- 1.31136 

COCur=-' "" "- _1.Q7724 

COR"'", ~. "~, _Ll'l4a7 

COR""""""", "" AA' U.S4622 

Table 8, 1: Reiel'ant srwldardised "nillcs/or Oudt,<hoom 

It is pO'''iblo \0 simply ,,0' Oudlshoorn througl; the decision rule, [IS gi\'en in each analysis 

(Aprendlx x. XI IHld Xll). but perhap' it is more interesting to c"n,ickr graphically. giving a beller 

idea or how Oudl.hoom in ploced compared to the olher m'l1lidpI<lilks. The placement or 

Oudl.<h'H'1'/j for the two and three duster lree" ,,·i\I; lhe ['elevaLlt ,'ari:>blo, lilld ~nl_off points is 

.s),own in JIIustmioos 8.6 and 8.7. 
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C-AO-oR 8: CL''''' lf:C.'T1G,~ TRoES -----------------------
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lIluslrarion 8.6: Oudlsiloorn ploiled On significant mriab/e .• for 2 clusters 
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l/fustrarion 8.7: Oudtsiloorn plolled on .• ign!fica>Jt "ariahlej for 3 clusters 

The two graphs a!xwe show the clu:stering and ded,joll rule;, ofthe 2 cluster ""d 3 c1llSter analysis. It 

is dear in both case;,. "here CDCummr 2004 lune is the most significant splining variable. that 

Oud,_,hoor" is defin.itdy not dassified as l>elongi"ll to Clust~r I. In the 2 cluster analysis. it is then 

classified as ~looging to Cluster 2. but once Bilou and Drakmslein split off in the 3 cluster analysis. 

Owilsooat"n is clossifie<i as having more in common "lth these two mUllioipalities "nd i. c10ssified 

as Cluster 3. 
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CflAPTER 8: C LASSIFICATION TREES 

The graphical clas,ifJ<ation for the 4 clustCT trec (Appendix XIl) is shown in Illustration 8_8 
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Illustration 8.8: Oudrshoorn plaited all sigll!ficaJU ,'ariablesfor -f dusters 

In the first graph it is clear that Oudrshoorn does nol split dO"ll the main right branch of the tree 

wilh Cluster 1 and therefore it i. necessary to consider the second graph from the main left branch. 

Con.idering one level further, CDRefouRem 2002 June clas, ifies OudlShoorn as belonging to 

Cluster 2. This indicates that lhere is some discrepancy overall as 10 whether Oudt.hoom I"tas more in 

common with Bilou and Drakmstdn or the reSI of the municipalities that make up Cluster 2 in all of 

tho anaIysc" As there ore more municipalities in Clust~r 2 and Oudt.nooTl1 is classified as belonging 
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CHAPTER 8: Ci .... ~~IfICATIO~ TREES 

10 Ihi' dusler I"ic~ oil! of Iho threo analy"". Ihi' i, lilely to "" tho mmt aprropriato clas.,ifLcation 

whon IKl ot),,:r information i, av"ilabk Ho"ewT, if r<'"ibk, mOTe <inal",e, should k d{Xle to i'>;:ller 

d.rwni,," its pratile. although it appears il i, rea,onable to conclude Ihal U"dlshoorn ooe, not 

belong ill Clustcr I for any of tho analy,o,. Again, fun:n.r dhcu\.,jon a, to Ih. 'truc' clas.,ificalioll of 

O"dnhoorn em, be found ill Chap4er 9. 
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Chapter 9 
Interfacing with the DLGH 

Although til;, pr~\iiOlli chapleTS ha\'~ ~"" a con'truct;'" illustration ofpottntial (.chnique< that can he u<ed 

III help the o"pmment of Looal (iowrn,""nl and Hnusillg (D I. CiH) gail1 mnrc Kno"lt!ig" from li-.:: large 

,."nullt' of dat" til"l i, collected on a r~gular basi" as y~l th.r~ has been no disoussion 011 t""dback lrom the 

DLGH iholf Tht f()lI!lwin~ chapter di<cll<se, the t"edb""k session "jth the DLGII "tld the analy,i" using 

the t. dmiqu~, lhal !la,,, b.ctT1 i Ilustrattd pw\'iou<ly_ on jiJrth" dam gained fi'om a gl'Oup e~"cj" with ,;()tn" 

nfthe panicipants. 

9.1 DLGH Meeting 
A m"'lin~ was held with II", DLGH oflh . \' ... ~'t.m Cape. at lloe;, oHl"", iLl C"pe Town. during the 

afkmoon of 16 MaJ, ~007_ 

The two main pIlIp".S of lhi, n1tdillg \I Ort 10 l)foStn! lh<o ,",ullS of tho analy$~\ that had beon 

performed OIl the data obtained !Tom lhe;, rVQ repons. ~,,,tli as allo .... ·;ng members 10 par1ake in a 

group exen;;,. ;n order 10 gain. belkr underStanding nf l11e subj~"li'e opin;on$ /i$ lO Ih. 

!,<,rformano" of municipalilit$ during II", I",rind under analysis 

Ten lllOmhtrS of lhe DLGH attended Ihe l"e.db""k m~.tiLlg (App'ndix XV). of which nnly five 

parlook in 1"" &T!lIlP ex~rci_,e (Apl",ndix XV), indicaling tlmt Iho npinion_' ~'P'"""od Wilhi" this 

c hapler aro has~d on a _>1,,"11 <ampl. <ize and mal not be represenmti ,-e of the DLGlI ~, " whole 

9.1.1 Feedback Presentation 
rhe lir\l part of Ihe nwotil\~ invol,-.d a present"tion of ",me ofthe ".sull, from Ihe analyse< Ihat 

h",1 \>.:oell compleIod _'" tar (Ap!,<"KI;x XIV)_ Firstly. the d"'a used was exploi,,,d in Wm, nf it< 

origin and \\ hat transformatinns had occur"ed to create a cOLllpler. data .. t that c(>uld he U'"d for 

Iho analyses Coo'''"_ II wa< _",,,_,,,d althis pnint Ilml tl., qual;ty ofIhe data wa< ,-ery p()()r al\d the 

result, may lIot he realistic. hUllhalthi< wa< alw a pnint of ;Ll!e'~<t illlerms nfll., f •• dhack that 
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the members partaking in the m.eting might be able to give. Along "ith this. th. m. mbers of the 

m«"'ting were reminded that the data under aJIlIlysis "as for Ihe period June 2002 until Jillle 2005 

and it "as important that discussi!llls and feedback ",as mad. with this c!lIlstraint in mind. 

Each analysis techniqll<' was presented with a brief explanation as to what it might be used for 

\\ithin the local government context. along "ith an example of results ta"'n from the rel.vant 

analyse, . As the majority of people in the ~ting had never seen the particular techniq"'" ll<ed 

and more complexity would detract from the usefulne .. of tbese t.chniques. the exampl.s given 

in the presentalion were chosen specifically from the two ellIS,"r rcsults. Thes. r. sults were 

.xplained in t.,m, of th. data and disoussed by the group within the local lloverrnnent and 

mWlkipaj context. 

The pre..,nlat;On 'lide .howing the ,"suIts of the Cl\l5((!{" Analysis using the dala objectively. both 

in t.rms of listing the members of each dust.r and the geo!,{raphical representation of thes. 

dusters. for the 1\\0 duster analy,i, is shm'n in 1l1ustraticn 9. J 

lIfu.,tration 9.1: Presentation slide olCluster Ano/y.,js re.<ufts 

The reaction from the member, of tho meNing concerning these partioul .... result< were that 

althouglt tho ,.sults were based pur.ly structures inh.rent in th. data it,elf, Cluster 2 g.nerally 

jndkat~d mllllkipali{ics thaI M,re perfonning well over th e period and Clus •• r 1 those thaI didn't 

<hO\\ good performance. The !lilly nception to this appeared to h<' Thee"'(J/ersJ:ioo[ where a few 

members felt that it did not h<'long with tile other munidpelities in Cluster 2. In contrast to thi'_ 

an opinion \\ <Ill expressed that during this per:od in part' cular. The~ .... atersJ:foo[ was actually 
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____ _____ CHAPTER 9: I~HR"ACING wITH THE DLGH 

outperformiLl!!, "x""ctatiom and therefore jf "nal)s.d on eclatiw ci,eumstan<e,. might "CtU"lIy 

belong with the"," mULlicipalities that g~lerall y perlormed "ell. 

During the g~neral ,Ii,,,,,"s;,,]] foil"" ing lho presentation, it was mcmh)ncd tho! of all available 

techniques, th~ most useful W", probably CI"'ler All"ly,is, Thi, is 001 'UI"rrising "" Clu,ter 

Analysis ,",cms the cosiest lechniq,,~ to understand. Jlong with allowing fot the clear"" 

j Ilu,lr",;on, as to the results of the lcchniqllC 

It \q, aho menlioned tn1\( th~Te was a n""d for tim~ trend aIlaly,;, in order to be able to predict 

in advoncc whal might occur with;n J m"n,dra] ity_ Due to thi, com menl the analysh of ,.,,,IIS 

~,'nlOi,,\ more roem ,'" intcrrrcting to.ult< wililin the wntcxt of lime, h""e"er wt with "ny 

ti>cu, on being able t() predict jutLLre resulK Thi, i, due to the na1UT~ ()f the data, being for too 

large and unreliab le. 

T11rouglwUlthe presentation it ",-a, ,tre" ed that lho,e panicular technique, may be available ill 

v"rious s,'~w"'" pad'ge, and therefore ea,iI)' ulilhed hy 'n unqualified per:;<Jn. Hov.ever, it is 

vil"1 that a qualified pr,..;titioner i, invol,ed inlhe entire process "nd is oole 1o pre,ent the r~,ult, 

of the analyses 'lOch that everyon" invol'.'ed understand, how the data has been manirulated. 

ah,ng with tile limitations of the techniques used , Alon!!, with this it was di,cu"ed how the 

results cannot , impl)' be pre'ented. but re'luire discussion with ,h'main e'pert, I" he "ble to be 

interpreled v. iU,inlhc given COnle,t, 

There w", a !!,c,,,,ral view that mo,,, analysis of tho dma would be usefuL along with tho 

understanding Ih"1 tor th i' to OCCur 'killed personne l woukl need to be inch.ded in the entire 

proce", A further p-,int " as made (hat in term, of hi'lotical data collection there h"' been' 

tendency for the enlire 'y,tem t" Ix ovcrhaule,1 ,'" a semi-regubr basi, "lid perlMp' il ,,"oul,1 be 

more qlCccssful to first focu, on 'llowing ,mailer section, w up<1ate "' nceded, focu,ing on tk 

rMq impon'nt requircments, "ithoUl a completc chan!!,c. Once nablc the'" could then he 

inlegratcd int,' an interdependent s)"tem, This would also allow for dat' to be more con5i<1cnt 

,n<! kip ill lime trend an,lysi,. alon~ with inyolvin!!, all scction5 ill the interpretation and 

unde"'tanding of data analysis. 

9.1.2 Group Exercise 
Due to tinle ,nd c"mple"ity constroints. the group ewrdse covercd only the ,cen",io of three 

dusters uf municipalities. Thi' panicular choice is justified by tk fact tllat tr.c dep'rtment it",l!' 
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CHAPTER 9: INTc.~Ac!NG WlTH TilE DlGH 

has choscn \() analy,e municipolities in t~f]m of ha, ing goo,J aVC'f"ge or poor I"'rfOmlonc~. 

Participating members wer~ gi,'en card, ,howing the name< oft~ 25 local municipalities in the 

W~stem Cape and asked \() a"ign them to 1,,", group' '~ood'. '","rage' or 'bad' in \crm, of how 

the}. mbjttlivcly. lhought the,e municipal it"" had p;;rformcd during [he porioo June 2002 to 

Juno 2005. 

Illustration 9,1. Gruup exercise I'urlicipan/S milking mUI1;CljJGlitie,< 

Although it "'0' not expressly rC'luo,tod, !hcr~ w"" nlini"'al discussion as to the plat~ment of 

municipolities during the exercise, 

As nwntiotlCd. thcre were fairly signifrcant [in~ constraints during the exerci,~ a, ,hown by the 

facllh"{ only five mcmix" of {he original tcn that an~ndcd the mceting could stay to pat1icipat~ 

in the exercise, L'nfortUl",tdy it wa, not p0"iblc to <ompicle tho exerti" ~arl i er as it was 

importont tl101 ~v.ryone involved und.rstood "hat """' ne~dcd as c'pl"i....,d during the 

p,"sentation. 

11 would have bec n i,kallo be able [0 consult d~ paL1icipant' a, to \\hy variou, choices were 

m.de; ho"ever "g"in due (0 lime. i{ w"1 not jl'O"\lible {o tonsolidat, the ,"suits al that point and 

disc,,,, th~m. The grouping of mnnicipalitie, waS dotlC "I a latcr '{age using ranking< and it 

woul d il"" ix,n i,,{eresting {o compare to how th. pa"icipating members "ould havo cw nt""lly 

thosel\ to gronp municipali{i~' within {he context of discussion and limher interaction, 
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CHAPTER 9: iNTERFAQNG WITH TflE DLGH 

I/fuslralion 9.3: Group exercise parlicipams ranking municipalities 

The result, , howed a fairly e"en 5plit between municipal placement!; in the 'good' and 'bad' 

categorie. with 35 and 38 placements re,pecti,el). There were 51 placement!; made in the 

'average' ~ategory which either indicates indecisivenes. on the part of the group exercise 

participants, or that the5e municipalities are neither nmiceably 'good' or 'bad' in term. of 

perfol1llllnce, 

IIIuw-alioil 9J {'osler 'lmunicipolilie.< ranked 'average' 
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CHAPT~R 9: INT~R~ACING WITH TH~ DLGH 

for data-defined and opinion-defined dusters, along \\ith colours indicating the other 

classificatiOll is sho"n in Appendix XVI. 

It is deor that the data-defined and opinion-defIDed dllSters differ ,ignificantly. There "as no 

reason to assume thltt Cluster 1 of the data-defined clusters would be tho best performing cluster 

ofmunicip"lities and '0 forth: ho"e\'er it i, interesting that the ditta-defined cll!Sters are spread 

Ihroughout the opinion-definod clust~". It is notewo!1hy howevrr that the 'b"d' pt"rformance 

duster is made up entirely of municipalities from Cluster I, dearly indicating thaI Cluster< 2 and 

3 haw a good/anrage opinion bias ",'en though the performance of Cluster I is unsure. 

There was also the <;>pinion giwn during the meeting that ,,-xcepl for Theewatersklooflhe data­

deftned Clusler 2 was made up of municipalities that had been perfonning well for the perioo. 

This follows through in lhe table "00,. "h.re the majority of Cluster 2 forrru part of me 'good' 

cluster; however it does raise the query as to why M{)ss~1 Bay and SaldanJuJ ore only ranked 

'average' if previously they were seen as part of the section of mllllkipalities that was performing 

we ll, 

h is interesting to note that both Bilou and Drakenstein from the dam-defined Cluster 3 appear at 

the bottom of the lists for 'good' and 'average' sho"ing that they are the most contested as 

belonging {o those clusters. It \'ias these two clusters that split from Cluster 1 and Cluster 2 

respecti,ely in the t"o duster analy,;, to form Cluswr 3 in {he three cluster analysk Once again 

they indicate that they ha"e the least in common with the other municipalities in the cluster: 

however this time duo to an intuitive feel as to howto municipalities group, !lOtto tho data itself. 

Neither Oudr.,hMm nor Laingsburg were included in the origin"l analy,is due to lack of data: 

hO'M'ver they were iocluded as part of the group exercise, Unfortunately. knowing how pe<lple 

involved in the sy,tem might assess these t"o municipalities i, still not enough information to be 

able to include them in the analyse,. However. what tills extra information does add is the 

knowledge of to which cluster these municipalities woWd be assigned , This allows for the 

COmpru1S<ln of this. to how the mooels de, eloped from the General Di,criminant Analysis and 

Classification Trees would have assigned these municipalitie.o; gi,'en enough data to do w. For 

both municipalities. the opiniOll gathered from the group ,,-xcrtise is that they """ 'bad' 

performing munitipalitie.o; for the perioo June 2002 to June 2005. 

To aid the readability of interpretatioru in fmther analyses, Cluster I "ill be toruidered to ;"'Ihe 

cluster that inditated 'good' performante. Cluster 2 to be 'a,erage' performance and Cluster 3 

'bad' performance. 
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________________ --'C~~"';>TER 9: INTeRFACING WITH THE DLGH 

9.2 Analysis 
11,. nest analysis originally carried out on the d~ta. whhout any opinion la~en from the municipal 

conte"t. Was" Clu'ter Analy.i •. This unsupervised method dotermined how the data natural I } group, 

the municipalities into~. 3 or 4 clust.rs. Through the group "".[eise wilh the p",ticipaling n",mh.rs 

oflfle DLGH, three clusters have beon definod and analy<., may now he carried oul on the," clus!e,_, 

in lerms of defining the cl w,ter prolile:; and using G~Lloral Disen min"nl A tlJlysi s "nd CiassifLc"lion 

Tr~e5 to ",s." which Hrriable,. and what level, of these variables, oow becollJ;: impo11am in 

detining l~se given grOlJpings. T~,e results can then be compared to wh"1 W"' seen when the dat"­

dcf"",d cluster< we", usod. 

9.2.1 Cluster Analysis 
Who" aW,rnpling 10 profilo clusl=, it is sim~lo'l 10 do in lerm, of Iho dilTeronc~ bel"e~n tho 

thr~o clu'ters, IIll1s.1roli0ll9,5 ,how, allnuiabk, that indicated a ,ignifi<"m ditf<Yenc~ Ixt"eon 

the cluster average, ot a 10/, level af ,ignitic,nce. These are not shown in order of signitj<unce. 

but rather are ordered by Ii"", 10 ascertain whether there .nighl be any noti<eable pattern, 

IhrouglioU\ lhe period. 

J • • • 
I • • • 

• • 
" • • • • • • • • • • • • • • • • • • 
<> ~. 

~~ 

• • • • • 
• • 

·u • 

• , , " , , ; ! , , , , , , , 
ii ! , i 

, f , • (. 1 ' 
, , , , f! n 1 , " ~~ 

! f f I r ,~ • ! r ' ~ , , , , • • l , i l 

II/U,'-Iraliun 9, 5: Oi-'ini()J1-d~/inc" dll_.ler average.' aer",,-s sigJlificant 
variahle .• .tiJr C/u"ler A nalp;'. 

It i< j nteresting to oote Ihal except for EiccIndJfrmd"'J' 2003 March, Clu,ter j show. relatively 

moderate val"", all waveriLlg about the average, Alang "ith tllis. Clusters 2 and 3 appear to haw 
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CHAPTER 9: INTERFACING WITH THE DLGH 

"elY 'imilar ,'allies to.- most of tho variable,. di [Tering IJ<Jti<;<;ably for ("DO,·, Irid,." ZOOS March 

and r.lfS'XJmpiemenied 200S June, 

Aha i"t.r~stlllg is that ClllSt~r ~ and 3 ar. abo,"" Cluster 1 for II", earUer ~riods. hut from ahuUl 

.lUll. 200:; tend below CliMer 1. Th" only exception 10 this is aI the end ofthc oyerall period, in 

2005. where the r. laliooship betw.en til. cl usters vaIy, 

n,. rciali"",hips heIwe~n th. ciust." is whaI would have I~n ~xpectcd looking at tho,", form~d 

only by tilC data itsdf. "here the pIOfdc or Cluller 1 "Crsu.s Cluster 2 s"arrod to the .xacl 

oppo,ite projile, anI time, changing around the P<'I"iod Jme-Septem~r ~1Xl3, i\ ,;milar ,wap 

occurs in Ih~ opinion-ddin.d clusters. but iI is not a compl~t~ opposit~ heIwe~n Cluster 1 and 

Ciust.rs 2 and 3, but rather lhal Cluster I rcnlail1S rathcr modcrate and Clusters 2 and 3 vMy 

widdy as time progre,,"e" , The paileIn prim to June-SeptembeI 2oo:; ami afler Ihi, perio,i does 

howe"., change ,igniticamly. indicating that it i, not only the data-Mfmed cl uste" that indicat., 

that lhis ~riod may have SilO"" ",n", signit1cant changes to cal!';. Ya,iaIion in d", r~porlcd 

"alues from the nl uniei ralilies. 

Electricity rlay, an imponant role '" EledndMoneiary appear, amOll!; lhe 13 ,iJ;lliiicant 

"ariables 6 tim~', "ith CDElecrricirl' apP"aIing + times , It may to. interesting to consider the 

relatiomhip hcm'~.n the thru clu,te" for tl"'," two "ariahl~, in particular across all quarters. 

rhe J;raph ,hQv.ing Ihot "alUi;, for th. th",. cluste" of Eie"'",L\fol1eIGy) aero" all quarters is 

,hown in IllustIalioll9,Q, 

This graph appears <alher un",,,,,l ",' the", i, a largc j um r in all \ al ,",, ' at f)" ecmocr 2004, "hid 

immediately quo:;n . , the reliahility of Ihe Jara, T~ i~ a need to und""tand if any ofthot val"", 

werC originally mh~ing and if thi, may eaus~ Ihi~ un"-iual result Or nOt. O[1ly Uvel'"rra"d of 

Ciust. r 1 and Cape .~Kuiha,\ of Cluster 3 originally f\;1d ~'""y val"" missing for this "ariahle, 

"ith thot,. \'al"'" heing .xtrapolated from Iheir ",Iationship to the other ma dcipal it~s. Hov.ev~r, 

for all mllnicipaliti., any Yal"" prior Lftcemher 2003 was originally missing a, iI was not 

ava ilahl~ in the print~d "'port" hut oilly in the el~ctr()[dc data, ~xpla i ning tl'" smomh "",'. s prior 

In thi, point 
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CHAPTER 9: INTERfACING WITH THE DLGH 

Illustrotion 9,6: ElecjmLlfonetarJ'fiJr Opi)Jion-defined duster aWFflxe" 
oero"-,, all quarter,< 

Thefe arC variollS rca<;(lns 10 co",idcr lhis ,'anaflle unrcliahle: howevcr il h imcre_,ling 10 nOle 

'h"'the large jumr in ,'alues at December 200+ is 001 duc to nMnirul"tion of thc origin"1 d"m. 

but is mther pan of tbe ,'"Iue, ..:wally repon. d by municip"litie" Thi, jump in ~"lu", i, 

consi'tent across all municipalities. raising questions a, to "hat may have occurred in thi, period 

to caus. the reporl,d value, 10 change <0 dra,tically, How,ver. lhe relationship helween lhe 

ciUSlC" i, 'Ii [I m,in!"i ned aMI!,i, ch"nges O'''r lime e\'Cn if CVCC} (hi ng prior '0 D«emher 2003 

i, ignored 

It might be consid". d lha! having high values for the moneta,)' va[u. of th. provision of fr,. 

ba,ic eleenicity indicate, good municipal performance a, thi, mighl show more eiCClricity 

provided lhan if this value was low If lhis i, H'UC thcn it i, nO! ,urprising to se, Clu,ler -' \\'ilh 

,ome of thc low cst valu", comp.red to thc oth., two duslers in the I.ter 4u.rt. r, as it i, 

considered 10 he a ciust. r of 'poor' performing municipalitie" It does nO! llOw. "er exp[.in why 

Clu,ter l. containing '~ood' perfOrm. ". has low" values than tMt of Cluster 2', 'av.rage' 

perIOrmer" 

It is uLocertain a, 10 whether lhe,,, reported value, ar. a true reflection ofthc ,itootion at the timc_ 

or whether changes within the system caus.d II", number, to be repotted differently, Iher.by 

•. ~rl"ining the di,tinctjump. Either "ay. it i, c~rtain that thi, >'"tticuiar ~ariable , hould be !roated 

"ith some cOnc. m durin~ inte.-pretalion. although the relationship b;,tweell tbe clu'ters .pp"ars 

!O be m,im"i".d. 
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CHAPTER 9: INTERfACING WITH THE DLGH 

When con,idering CDEieclridry a different pattern is seen in the data. The gmph showing the 

av ... age ,a1u", for the three clusters ofthi, particular variable across all quaners is shown in 

lllustration 9.7. 

"~---------

• 

. + 
, 

i .,. ' , , , , , , ~ ~ ! i 
, , .-\. 

8 j , , ! i 
~ , , , , , 

lIlu.<tralion 9.7: CDElectricityfor OpmiOi1-dejined cluster Q\·erage.! 
acroS$ all quarter .• 

For thi' particular variable Mat:dkama and C'ap£ Agulh<lS had all the original "allies missing. 

which were extrapolated from t'-'ir relation,hip to the other municipalities; however for all other 

municipalities all value. were ",iginally t'-'re or one or two needed to be interpolated. 

T'-'se ,·alue. are far more varied over time; howe,or it i. noted that there ore sudden drop. in 

,·alue. f'" Clmter J in September 2003 and Cluster I in December 2003. with a more gradual 

dec line for Cluster 2. which bottoms Out ju,t before all the clusters dramatically increase in 

September 2004. This;'; consistent with the concern that there was a ,ignilicat1t chatlge af()und 

this time that affected the profile of the three clusters. Profiles do show a ~neral chan~ over 

time with CI""ter:2 starting with the highest values. but ending with the lowest and Cluster 3 

having a general trend of remaining in bet"""n the h,O. atld Cluster I ,tarting with some of the 

lowest valnes. but end ing" ith .ome ofthe highest. 

It is uncertain whether having high Or low debtors "ould indicate good or bad service delivery 

for a municipality. The data app"aI"S to indicate that the 'best' and 'worst' p"rf",ming 

" 
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municipali!i." han \' " 1)' similar rrotiles for this variable over time and it is tile ',,""rage' 

I'<'rfnrm i I1g In un icipalitics lhal show grc:ner nriatiol1. l! would be intoresting to ,,-,certain if lho,e 

w", any majur ownt during Sept.mb<r-o.".loo"r 2003 "hich would ~"pl"ill Ill. ,ud"," dip in 

value, Jnd perhJr' aid in understanding II" relationship bi:twcen current debtor:; and service 

deli,'ery. 

9.2.2 General Discriminant Analysis 
No" Ihal tl>: dust., profiles han heen di","ssed. it is pm,ibl. to determine wbi"b combination 

of indep"ndent ,""riahles may help to better ""plain the differefICes hem' . en clusters. 

Tho Gwc,"i Discriminant AIl"ly,j, mood using tho opinion-dd;,,,,d dusterS rcqui"'d fi,,~ 

v",iabk, 10 l>c able to discriminal. wl".~n duster "ith 1O(W, ac""","y. This is mor~ than ""y 

of tho p""iou,ly der,,,,,,d model,. whioh r<quired at mo't fo"r ,"ariables. How~\~r '" the,~ 

clusters "re ]lot J,:r,,,,,d ii-om the dma it;.elf. the requirement of extra '"driable, i, oot 'W"pri,ing. 

In fa"t. it" a little ,urpri,ing thm only live variables a", required. but tbis may ~ du" to tile fact 

tbm tbe", are simply so many ,ariable, availablo to "" oliosen. 

the first ,,,0 \iariable, cho,en by the rnod.l '" mo,t ;ignir,"anl ill being able to dofl"ed til< 

diiTer~""e , \J,:t"~en clu't~" aTe £lec1ncLlfon<IW")' 2002 December and pjfS%lmpiemenled 2003 

March, T]-,., cluste" of Jllunicipalitie, ,imply plotted egaiLl't these two .. ariable, is sho"n in 

Illustration 9,8, 

Jt i, very clear thai ""itil<r of Iil<,e '"driable, i, particularly "ble to separa\<: th.: thr~e cluste", 

Ei~dmi\fonflal)' appear, abl" to i,;ulate Cope Agulhos. Sw.llendam and S~'arliand to the left of 

tl,., otbe r municipalities: howe\'er they ""long to C'u;;ters 3, 2 and I ,os».'cti,dy, 1'.1f8 

%lmpiemellied is only ablo to iwlato 1I';I~enhe'X. from Clu;;te,], betwcon two olu,to", ofmixod 

munidpaHlie" no: cl u,ter <~ntroi(h do ap!","r e\'~nly ,epara,"d. b,,\ no\ parti""I"rly far apart, 

n 
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CHAPTER. 9: INTER.FAONG WIT>! THe DLGH 

, , 
r' " 

, , 

l!/ustralion 9_8: Municipalilies a::;ainsljirsllWa mriablesfram DLGH 
defined GDA model 

The t" 0 dimensions of the model (Appendi~ XVII), giving a combinalion of these IWO variables 

created os independent tnmsfonnations thaI !:>est discriminate!:>etv .. een ciu>lcrs, is shown in 

Illustration 9.9. 

:: ===~\;:, =iE=;, '=== = " 

IIIlIstration 9.9: Municipalities against dimensions ofDLGH defined GDA mode! 
containing two variables 

The dusters in Ihis graph are far more spread ou!. Con<idering both dimensions. 1lO 
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C H.\OTF, 9: I ~TER"'.u~G WITH THE DLGH -- -----

municipalitie5 overlap \\ ith clusters they "ere not ft>signed 10. Hov>e"ef. if is not yet possible to 

usc simpl. cut-off point:s on these two dimensions to be abl. to dassify municipalitie, "ith 

100"/. "cwrocy. On Dimension L Breede Ri,-er ! 1I1neiands would be misc1assifi.d as pari of 

Cluster J and there are no ckar wt_off point< on Dimension 2. If municipalities Were assigned 

traditionally to the cluster centroid it was closcstto. at this point Ov~r8lrand from Clu,tor I and 

Ceckrlx:rg and KwmaJand from Clu' ter 3 would also be misclas<ified a. belonging to the others' 

dust.,. This indicates that at thi< point the model is only able to classify municipalities "ith 

82_61 % accuracy ond therefore require~ further variables to improve this ciassificatiou nile to 

100"/0 accurac)'. 

Once IValerO/Mou" 2004 December, CDToiai 2004 December and BankB"la»c~ 2003 

D.cember Me "Iso included in the mOO"l. eoch <tep shown in Appendix XVII, the municipaliti. , 

plotted against the mo dimension< created by the model arc <hown in Illustration 9. 10 . 

. --------~~-------• , , , , , 
• 

" 
• • ) • • 

o? , , ' •• 0 , , • , 
• • , - ~ -- \ .-

• , , , , • • , r-~--h--f+--'c~-, , , 
, • , , , , . .----~--~~~-----, • , , 

• • • • - .. 
I+ C" >t . r1 • C" >t . r2 + C">t . r31 

lIIustration 9.10: Jlunidpalilie3 again.<{ dimensjons o/DLGB d~jined GDA mode! 
containing/fl'e "ariabfes 

It is d.ar that lhc clusters of municipalities are now distinctly sepMllted from one :mother. "ith 

no municipalities being misclassilioo by the model. Any variables added to the model at this 

point would onl)' further .nhance this separation and are therefore coI1$ide .. d unneces=y .• ven 

!hough there are still seven oth.r variables that are consider.d highly significant iu being able to 

disuiminate between the lhre. cluster. (Appendix XV1!)_ 
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CHAPTER 9: I NTERfl<C111G wrm THE DLGH 

Although it appears that only the first dimension might be n.c ..... ry to "" able to discriminate 

between cluster>. it expl~ins only 86.24% oflbe model. The 13.76~, e~plained by Dimension 2 

should theref= not be considered negligible as it add, ~ rolatiYely significant portion of 

explornalOry poWer to the model. 

Looking at t~ graph. there i, one interesting pla"ement of a municipality when using the 

"ombination of these five variables. This is Cape Agulhas "!ri,,h is pla"ed at the very top of 

Cluster 3. appearing almost clo'er to Clu<ter 2. indicating that it may have more in common with 

thi' cluster. Although it was not originally cho<en unanimously as belonging to the 'bad' 

performance cluster. it i, no less disputed thorn Wil~mberg. In fact Bergriver was the mOSl 

disputed of all t~ municipaliti .. in Clmter 3, with one opinion gi, en that it might1:>elong in the 

'good' perfCll1ll~ncc dustcr, bnlanccd only by three people indicating that it """ a 'bnd' performer 

fOJ the peyiod June 2002 to June 2005. 

The five signific"nt variables, all conside",d separately in terms of the differences between 

cluster centres. in t.rm, of time rather than the oro.,r that they enteled the mooel. are ,hown in 

Illusu-ation 9.11. 

.. .. • .. : 
• 1 

::I , 
f~ 

1 

• • 
• 

I , . 
" ~~ 

• 

• 
• 

, , 
i 
i 

• • 

• 

I 
i , , 

I. CkJster 1 • CkJster 2 • Cluster 31 

• 
l 
• • .' ; 

" 

lfIl,s/ration 9.11: Three d~ter awrages acrossfirstfil"e significant variables 
chosen by the DLGH defined GDA model 

The larg.st differences betwe. n clusters are ,lKmTI by three ofthe .move , ·ariable" Ran}Balanc~ 

2003 December and CDTola1 2004 ne"ember single out Clu<ters 3 and 2 respectively. with the 
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most ","0 spread ~"en the three dU'le,s given by WarerOthHoll5" 2004 December. These 

first lWO \"Oriables are in factlhe last lWO variables to be cho~n by the model and are therefore 

likely chosen as they separate Cluster 3 and Cluster 2 resp.,.;tiwly from the other (WO c!\I.';ter. 

and therefore add thi, information to tho model when it is considered ne.ded. 

General trends owr time show Cluster 1 decreases steadily oyer l;me, Cluster 2 dip' but lh~n 

in(Tea,~" again and Cluster 3 has 'a1u;:, that "ary widely o"er time. Jt i, int.re,ting to note that 

for lh. two fin.udal '-ariables. Cluster 3 ,hows the high",! "alue" but for the variables relating 

"pe<:ifically to '",",'ice deliwry Cluster 3 ,hows the lowe,t ,-alues of the three clu,te ... 

Although no variable i. chosen twice, it is im=sting to note thai an but 011" oflhe significant 

,'ariables are chosen from December, m'o of which are this quarter for 2004. This implies that 

this particular period is important in distinguishing betweffi the profiles of the three clusters. In 

addition to this. none of the variables chosen are from 200S. indicating that this year is not 

instrllluental in defining the profile, of the dusters. Even w)"u considering all twelve of the 

highly significant VlIl"iables that wer~ ch<lS~n by the model. only WaterDi.cunneetion is chos~n 

from June 200S. 

The most interesting of all variables chosen by the model is P.lfS"4/mp/€m€1!Id os it is not 

shown", significant in .ny of the data-defined anal)'M's undertaken. although it is picked up a, 

showing significant differences between dusters in the previous Cluster Analysis. It i, imeresting 

that this particular variable is includ~d when attempting to discriminate between dust~ of 

mnnicipalities in terms of performance as dct~nnined by people involved in the system. The 

PerfOffilance Management S)stem (PMS) implies a feedback mechanism that gives persons 

within the local go"ernntent system an idea of how a municipality might be faring at a particular 

time. 

As shown previously (Illustration 9.11) P.\fS',1,lmrh-",~nled 2003 March indicates that Cluster 3 

has a lower score than the other two clusters. Ifthis feedback m~chanism did in fact influence tbe 

opinions that led to gronping the mnnicipal ,tics in snch a way, Ihis indicates that mnnicipalities 

that had the highest percentages of their PMS implemented by "larch 2003 performed well; with 

badly perfonning municipalities having the lowesl average percentage of t)"ir Performance 

Management System implemented. This indicate' that having the s)stem in place appears to be a 

good indicmion of the acmal performance of the municipality. However, it doe ' not show 

causality m tenns of whether the system was oot implemented because tile municipality ;s 
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Finally. it would b.! ideal to bo able to (]""if), e ither !.</ingl'bury or Cludl.,hoorn using lhi' 

(jel1~ral Discriminant Analysis model and compare these ,bssifi ("ti()~, 10 Iho<c -"i'-en during Ihc 

group oxen:;,., however the data ar~ ,imply not available for the variable, "h"'.l1 by the lrKldd. 

9.2.3 Classification Trees 
The Classification Tree ,hown in Illustration 9,)1 cia,,;];., \h~ municipalities into tk cluc,tees 

determined by Ih. ,ubjective opillion oflhe memt.;,,, partaking in Ih. d,,,lering exerci,e. 

IlIlistralion 9.12 - Cia"_,'lfjcal;",, /,u fur DLGII defined c/usrers 

It initially appears a, if C lu'ters I and 3 "1-' divided i1110 equal sectiol1s in the tree; however il is 

only O,-erslralld Ii-om Cluster 1 Ih"1 ,plit' down the main left hranch of the tru and Bergrivier 

jrom Clmter J that 'plit, do"n the main rigilt branch of the tree Therefore the initial 'plit 

actually ,eparale, Itle majority or Cluster 1 to the right and Clusler 2 along with the majority of 

elmler 3 to ttle Ie fL 

Thi' i, nol e",ily Seen in Ihe clas<if1cation tr"" and could k misinterpreled. Thi, is a elear 

e.,ample of overlilling til(: data, hut it doe, indicate the both Owrsrrond and Bergri"ier ,\10l1Id 

k treated carefully in lerm' interpreting their profile, a, exactly Ihe same as Ihe clmter they are 

con,idered 10 be in, 

To make Ille Iree more generalisah!c. only the initial split alOLlg with the ,ecand le\'el 'plit in the 
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left brand, should be con,iderN, leaving two municipaliti .. misclassified. This misclassification 

is a linle concerning as it takes municipalities tllat an" cOIISidered to Ila"e a certain penonnanc. 

profile and assig!lS them to the opposite one. 

1be IInlll profile of the clmters as defined by the tree is thai Cluster 1 has e~ceptionally high 

\"alues for Eledml.\fcmfl"ry for the period 2005 March" Jtich is confinned and seen more clearly 

in 1l1usrratioll 9.13, 

:r====---

llI""il"ario" 9, 13: .l1unici}XIi l'O/II€S of E/ulndMon€lary 2005 March for 
DLGH defin<!d dusters 

In fact.. Cluster 3 gene,"lly also has high nlues for EledndMon~/a'J\ but not SO clearly Illat it 

can be separ"ted from Cluster 2 on thi' vari able. Cluster 2 does however Ilaw average and above 

values for RRJ,Id.lf(mel"'J· 2003 December. whereas Cluster 3 has below average values for lIJi, 

panicular variable (Appendi~ XVlll). It is interesting 10 note lhat these major differences 

bet" . en clusters all conc. rn ,.nable, relating specifically to service delivery which was nol 

pi"ked up in the clusters", defined bylhe data itself. 

To cle1ITly s.e how lhe municipnlilies lie in rdalion to each olher a different graphical 

represent"tion is necessary. The major two splits that have been discussed in termS of 

generalisation and the relationsbip ber....·.en clusters i. shown in lllustralion 9.14. 
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lflusfrOlion 9.14: .\1unicipalilies onfirst two significant l'ariaMes/or DLGH 
defined clu.,ter., 

It i< a linle more cle"r now "hy BergrMer ofClu~ter 3 splits with Cluster 1, as to push the cut­

off point on the x_axi< .ny higher to exclude Bergri)'ier would also exclude a significam portion 

of CIUSler 1. To decrease the cut-off point in the x-axis any further would include all of Cluster 

I, therefore reclassifying o.'€r5lrand cOlTeCtly; however it would .:Iso cau"", significant portion, 

of Clusters 2 and 3 to be included. 

This graph also show, .:Ithough o.wsfrand from Cluster 1 does awear to sit clO!eSI to the 

centre of CIUSler 3 than any other municipality in duster 1. the distances imicate that its 

misclassification is not due to it being far from the centre of Cluster 1. but rather that the clu!ters 

overlap ,ignificantly and are therefore very difficult to separate well, Although this graph 

repres"nts the two variables that the model indicates will be~t split the clusters, it is perhaps On a 

different dimension entirely that the separation of the<" cltISlers is he<t found. 

Looicing at the finer details of the tree that would not he used in a genern.lisalion. as with the 

rn.:lyllis done ou the clusters that are defined from the data alone, B(JdBalanc~ 2002 lUlle i< seen 

as a significant variable, Thi! indicates that this variable is important both from a dam 

perspecti,'e as well as the ,ubjective opinion gh'en by the participating member<. 

Interestingly, when doing thi~ amlysis from a pur"ly data i>"csi>"ctive none of the non-financial 

variables are chosen as significant in heiU£ able to split the dusters; however in the tree abo,'e il 
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can be <un that both Ei.!dntilfmldun" and RRJ"dJfo'U'turI' from completely different P'"riods 

are ,,"m to be mor~ impor(~l1\ th"L1 finarl<;ial v~riable, in beillg abl e \0 srli\ <luster>, This is ~ 

clear illdication tlk~t tile financial variable, olll~ tell part of the 'tory conc.rning perfonmnce 

Whell it come, to th. mbjec{i,'e opinion giwil by ['><TUlnal ~now"'dge of\h . municiNI "oll\e.,l. 

rhi, is .,;peciall)' true ~ in the s"bjectiv~ opillion ~n"ly,i" BankBalcmCt' i, only used to ,eparate 

out two outlying municipaliti e, rmher than clearly separating clusters. 11s inability to $.pat~t. the 

three main cluste" i, cI"ar!~ illdi<ated ill lllustr~tioll 9, 15, whet" there i, a sillLlifLcllill overlap 

se.n acros, all clusters, 

, 

,--

->,'" 1,"3 

Illus/ration 9, i 5' .\funicII"'/ values of BankRillmce 1001 June for j)LG H 
defined dusrers 

rb . disadv~nlag. of ooving lh.,. pmli<ul"r ser ... ice <i.li .... ry type variable , a, ,ignijlcant in 

,plitting the duster" rathe r than final1<ial da:a, is (hat it is not po"ibl~ to classify Oudl-,hoorn or 

La;ng,burg using th. tr.e and check thi.' versus the subjecti"e opinion giwn. The data simpl) 

doe, not exist to be abl" to do thi'. Lainl(,hu'X doe.' have dal~ for EI~dnd'\for1fl"ry; oo".\'<[ the 

<tan<iardis.d value 'plil> thi, m<micip"lil), <kmn the left branch of the lree and lleith.r 

municipality contains data for RRIIlJ.I(on,'IU!T. The only Lnform~tiOll thaI Call be g"ifl«i from 

attempting thi' exerci,., combined "'ith \Iit knowledg~ of the :mUCture of the tree. i, that it 

,dati,'ely certain that L";,,!<,,bwx does "0\ form part ofel",t"'· I 

The subjective opinion rakeLl from the exerc:se i, OClually that both OudM".>om and L"inl("hurl( 

belong in ClllSt~r 3 as poor performillg municipalities, Thi, do.s not contradict the abo\'e result 
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process. Most 

process ilh,,,,fyo,,ti'''1 data as a "'''''~l'''I'V11 

and results of process. Data .......... f> is to be able to 

a a 

to "'"""l'>"vu """,Ir""",, and role in 

the ae'{eU)prnelltal ,",V""""", there were several UUIU"U,"'U,," 

limited access 

"" .. "n"" mel[llOIQS plrese:nte,Q. To 

on 

would 

mcterstan.ctltlg as to the context of 

the results pri'~Seltltect, the "OAaUW'~""'" ,r,,,,,,,, .. :rn,,·nT would be 

u ... ~"' ..... some teectblick was pr€lse:nte:ct scope for int'''""",If''ti,,n was 

dissertation were limited in terms 

process, 

between clusters 

exercise 

a"""Ulvuto data set was 

DLGH. in tum 

process. 

111\_,..,,, ...... ;) to extract Knl)WleOlle from data 

of 

been aeImea, 

This allowed 

IP"",,,r'p to current 

interest of in terms 

even ,,,,,,,t,,'11"'11'''' of 

In its 

of 
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as to ........ , .... 11'''''' these 

It was "I .. "t .. ,,.,, were ...... ", .... '". nIT',,,,,r" mwnag;ement IntlntIon, structure 

mdlicat,es that 

the more 

cwnnot be in finruncial is more 

much easier to "V'CA"'~'" 

A exist some screplIDcles between structures mined from the ""1"Inrt'~ data 

rund the VI-'II","'" n'IC,,,,,'n in v ........ u."'" ...... 111"11.1"" service 

gap oet'wetm is "",,,,,,,,.rt.·,, 

" .. ,.uuv ... or that the are unaware a situation that 

reflect. 

Ith,,"n,h there are the the data crun 

be oerleUClal to ""',.,. .. " .. ,,,,, if it be 

ensured that the selected variables are able to ,. ..... ,,. .. " .. nf 

it is to the,relore .n"""",p U'~"'~'lVll makers .... ,.c,r .. ,oc al'l\,,~u.,~themto as to 

A way to the current burden on 

to should not be lln''i''' ... t., 

be '"'''".u ...... ''' to compare results 

concerns 

the use 

data to those 

wnnual data. 

ugg,estf~d that 

ascertain that the results continue to cOlTe5;pond. 

A way to reduce ,. .. rm;'· .. 1T ... nfc is 

able to .... "" .... " .. nt 

were chosen as '''l''.''' .. ,'" .... , .. 

be 

it that it may be IJ\J~'"UJ''''' 

to be run annual It 

even if at a much reduced C1!rJe,·;14.t"" in 

be 

to 

use proxy ........ u .. ," i.e. a variable that is 

bank u ..... "" ........ 

as the 

the results from the 

indicates that the 

add 

the 

be 
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It is i" ... ,nrl'",.,t to review any ~ .. , .. ~., .. ,. basis nm'XT .. 'u.... as 

~v"· .. "'.,, on these numbers to the 

all others. This could pV,."'."'H ... 'y 

nrr,v,,'" as accurate re!,:tre!.entatilons. 

the n .. nnl .. ", context and perhat)S the of these 

burden on u,"uu~,'~,.u 

Both 

into 

available data 

to 

the context 

UucttshO(Jrn to a cluster 

Uudtsho4'Jrn was 

DLGH it was ,,"r ... rt~lIn~'c1 

in the v ....... ,,' .. 

reqluiremlernts,anoilier~j~'llA"~~" 

data. n."" ...... " .. ,!", ,. .. ", .. ,.,·t" may lessen ilie 

moreover there 

Trees have the to "'~~U"'J 'new' nl'l" .. ",,,,,(\",, 

rpnniri"cr a data if mlIIllC~lP,aU1]eS 

data it be 

most cases it was 

u,,,,un,,~,u"J,,,,,,,thlsp~nC\ll~ 

to use the .u,,' ....... ~ created to 

models I1p'JP,."\",p'l1 data-

nel?Wlltejr'.<:k;{olllt- ilie aata-aemlea Cluster 2 contained 

over 

Uudtsho4'Jrn was "',.", "",-n mumClPaIltIles iliat were "' .... 1'n,.,,,.,." 

ilie 

with 

data in terms 

to 

wiili memtl,ers ilie DLGH. 

uualsn04'Jrn was data 

as 'bad' This 

may be more accurate in terms 

DLGH it was melltioned it was perhal)S to 

a 

to severe data 

be 

data UlA.''''''!'', u ........ v .. ,," be 
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What was data set in terms of time was was a signit'ica:nt 

the data-d.etl:ned of _____ ......... '_ .... _ 

this 

occurred. Even there was a ,,'/SUUI ... "I." "'IaI'''''' of clusters 

When pnc~n()mcmcm was """''"'''''''',",''' with m",mr.p,." a 

cOIlte}!:t. various P'"''''"'''''"''' as to what may 

to it was int",.",c:ti 

In terms 

It was was to 

text 

in 

to 

to 

to 

some external HU', ... ",,""" 

members of the DLGH in a way 

with 

of various 

of 

It was most to convey 

"""'v"',,,''' reSOOlndlng best to 

Due to this response, was a focus on how to '"''''''UU':'''''''P'' in 

It was 

that they 

data 

context. 

are in 

can more <1Iti''1In"hir,,, between in .~---.. ~ 

dlITlen:slollSof as 

as a due to 

its visualisation of structure of the 

was "'"''''1''''''''''' Stlttllclellt in to transfer the 

"IS';"U'" one, or 

the and in terms of how were able to 

between as well as how the affected 
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It is UH •. ''''''J<,!' there exists a 

"""''''''''''lIlll-''' to be 'best' re~lre5.entea 

context. The 

as to ''"'1<1''''''''''''1-''' in a 

to have more .... t, ... "',>!:. the DLGH thr()Ul!llout 

the oromem context 

of a much more , ... ,,,,h,,,,,11 

from 

way. 

the 

to 

as 

Some mallCBlIlon as to the of ,nvnh,lno OOlnalln ,,'vn,''IT'' of ... '"'"." .. '"Ill ",'''''''''''15 Or()Cei:;S was 

were 

not to a """nit'i,..""nt 

this 

to the DLGH. Both 

scores for the 

the 

data-de!il:led clusters were 

is int' ..... e'ti PMS is seen as a 

nerIorlmlI1l1'l clusters of 

...... '"'''' ......... ,. .. from 

the DLGH are aware as to how the 

the 

are 

of a .......... u._ ..... me:cnamsm in unaware of the periormaJrlce 

It would of to more UO·-IO··aate 

be a uncler5.tanlamlg of the 

" .. "'nil'· .... context as a 

IlTn'''rTn • .,-.. iUs su,e:ges.tea 

aJ:ld "'''''''''''IT these 

.......... .., .. , .. rrlakers to 

to aeC:1Sl(ln 

U"'~'''J'Vll tool is clear in 

a f)rClaac~r decision 

for 
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OLSHEN & STONE 

CONSTITUTION OF THE REpUBLIC OF SOUTH AFRICA OF 

Pretoria. 

& BLACK 

LOCAL GOVERNMENT MUNICIPAL SYSTEMS ACT OF 

'1n.1~.~l1lrr.,ttl1,n and trees, 

"" ... ,.", .... of 
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MUNICIPAL STRUCTURES ACT OF Government ...... .,CL"" .. "', 16-18 

IfUI'lIf1Ji::. C:onlDtltel:S & ull'er<lt1(lDS A,""""~'" ,,, •• 

Census 

ft-'le'ctf'oni!C statistics tt>Y'tfll'lnlr SU3ltS()tt, 

Vos W & EVERS Review """.1",,,,,,,,,,, of 
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Appendix I 

Cluster Analysis: 
2-Means Clustering 
Table I shows 00" (h~ municipalities have ciust.,"<l ;fllo two groups "nd tilei, di,tal1ce, 10 their resptcli", 

clust'" centroid: 

TaMe 1.1 Memher-ship Unl1'O c/",rer so/urion 

O.fU' 

"' ...... ;-'''- , ",,, 
c"" .. """ 0."''' ,_. , .,,, ,~ 
',"",>J , .. " -, "'" - "." .~ "'''' ","' .... ,., , .• ", "'.- .... ~ '"'" C.,. ~(""T~ ,."" 

Mo,\ nf lh" munie; pal ities or" " similar distallce to their group cenlcoid: howe\ cr Prina AIMel i, the closes! 

10 'he a,,,,agc of Cluster I aoo Cit)' ol("ape Town. BilOu ""d IJratcm'l<'in are die furthest """"y frnm their 

rcsrecti,"" cluster centres. Thi, implies th"l tht>t Ih,"" municipalities ha,e the least in common with the 

"'htr municipalities in tileir respect;. " ell",t"" and OTt mo'llikely to split away ifmore than two cluster, are 

comidere<i. llIusiralion I ,llOWS MW tili, 01 ustering relate, ill geog,apilical terms: 

9[ 
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ApPfNnJX I 

fl/usfrarion 1.1. (;e()gral'hical flm du.<I~J' membership 

iW Cluster 1 
.,... Cluner 2 

Clusl., 2 i, II", sn,.11 er ;;iuSlcr atld il formcd from thre~ geographical regions. At least IwO nlunicipalilics ... e 

gwuped tog.ther in two "rc.s; howevcr Saldanha i, uniquc., al:l>Jugh Lt is near to other municipalities in 

Cluster 2 it does Llol border wilh My oj' Ihem. I he da(~ indicalcs howcvcr lhm Saldanha is olle of the clos.,t 

to the c lust~r centroid and ther~fore. although il may nol have mu~h in cOmmon gcog,.phic.Il)' with the 

otl"" municipaliti e< in Cluster 2. it defLnitely has a strong relation,hip in lerms or rep0rlCd dala. Ilimalion< 2 

and 3 ,how "h.1 thc ",Ialiot\$hi r !xlweCtl the two clusters of municipalitie, ill t.rms of the 39 variabl., !hal 

ha~. sil\nificanll~ ,iiiTcrcnl mcans atlhc 0.1 % leveL 

• .. ___ t"*'-,...., 

• ! I 
I 

I • , , , 
• 

, 

~" • _ d , 
• , 

i 
, , 

I • i I , 
• , • i , , 

Il , ! I " np I • ! 
, • , 
• • 

• 

IIIILSHariOl' r 2. Sig";(ical1l ,.",;able,ffo/" 2 dusters - C/u,fta 1 highest 
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AnENDlX I 

" 1\ I 
i 

---
! 

/ 
I 1==:;1 

1\ 
I I rv ~. 

1/ 
, ~ , 

i , , 

" 
" 

" i , 'I . i j I l i I • i , 
• 

IIIusrrll/;Qn 1.3: Significant mriable.< for 2 clusters - Cluster 2 highest 

Illustration 2 ,how, tho,e variables" nere Cluster I has the nigher mean score for a p<lrticular variable and 

Illustration 3 w""re Clust.r 2 has the higher mean score. Thore are substantially more variables "nere 

Cluster 1 has a higher mean score (24 variabl.-) as Ojlp<Jst d to 1he 15 "ariables for Cl\ll;\er 2. As the two 

graphs are represented On the same <cak, t"" variabl., tnat have a higher m.an score in Cluster 2 aho appear 

to vary around the mean far more than lnose variables where Cluster I has a higher mean score. 

Almost all variables relate to financial data, with WOlerDi.<conll€Clioil 2004 June being th. only nreption, 

having ~ siW'ificantly higher mean score in Cluster 2. There are significant differences helween t"" meanS 

scores of the dusters for B,mWalance ond CrBulkElec where Cl\ll;ter 1 has the higher mean score in early 

periexh. but Cluster 2 ha. the higher mean ,core in later periods. The opposite occurs with CDRefilS~Rem. 

CDS€l',eYOgc and DeblOumand;ng where initially Cluster 2 has a hig""r mean ,core wnich moves in later 

periods to Cluster 1 having the higher mean ,;core. AllOIher result of note is that tne mean <core ClX'wrcni 

In t"" later periods is higher in Clu,ter I than in Cluster 2. but t""re i, no s ignlficant difference in earlier 

periods. Finally. the variables that vary the most ahom t"" mean hetween tne two dusters are CD90+ Doy! 

2003 September. CD60-90Do)'5 2(0) September and CD/laler 2005 March. indicating that there may have 

been some ""em concerning long-term debtors fortne quarter ending September 2003. 

93 
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Appendix II 

Cluster Analysis: 
3-Means Clustering 
Table ~ ,how, how the munioipalil'e, hay. du'l~[.d intolhre. group, and Ih.ir di,lanco, 10 lhoir 'L»I')CCli\·c 

cluster centroid: 

c" .. ~". "'''' ,. .... - ,_ , - D."" ........ 0"" _ .. w., O.1Ol' , ......... ,n" Tt .... ~, .. "" 0.1"" 
",""",,,. • .17<1 0 _ ... " ",.'" .... "' ",_rMno_ "'", """"""" O>21l 

Copo """" 
,.,,, , .. '.Il.'10 

~-. ,.011, --- '50" - .. ,,, -- 0."''' '''' _ ... ."" 0_ 
"'..,."" ..... o """"' C.,. ~c""T""" o ."""" 

Clu.'terinp, with 3 clu't • ., i, \'.1')' simil" to that of "'Mn 2 elm!"rs is used. As mentioned pr~\ii(lu,ly, 

Dralenslein and Bil()u were considered to bo two of tl:. mUllicipalitie, \\;th the lea't in common to the "I]"" 

mu"ic;rali(ie~ in lilo ~ cluster anaiyois and Ihi, iollo", through [0 (he ",suit abo,'c whore tilo)' now form a 

cI,,;lo' on lho;r own, SU'pri$ingiy, elry ojCape ''''.-n, "hich had a laTb"" disl'nce to ils clu'te, conlroid than 

allY ot!.!r municijlJlity. doe, not 'plil """"y' alll"lOllg:h it cominu.:, 10 have the I"'ge,l diSlanoo 10 its olu,ler 

cem,oid, As in the 2 du,t~, """I)'5i' PrinceAlbrn is 'lilllll. dO'~'1 to iI' oll"ter "'er"ge."' arc S"'ellc"dam 

and Bergril'ier The lmmioipaliti.s furthest a" a~ boom tl'" Clu,ter I centroid "r" City of Cape ,own, Beaufort 

lIe.!1 and Knysna, Althollgh Stellenl>osch. George ane Mosse! Bay aI. f;u1he,t /ium the Clu,ter ~ c~ntToid. 

Ihe municiralitic~ i" (ILl_ter I show a lnrgerd;,tance for CilyofCap~ loom and are Ihercfore more lihly to 

;;pli! a".y if more !h'n :l ctmle" are oon:;iJ.;::red_ Illllilralion I ,hows how this clus!""Ll! r.la!~s in 

geographic.1 ,orms 
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IlIustralion 1f.J -' Geographical Ihra elusler member.,II/i' 

II I Cluster 1 
-~ Clumr2 

8l Cluster 3 

Cluster 2 continue" to be torn"d tiOlll thl'" gwgrap/lic.l "gions, with Sald,,,,h,, not oordeling "ith any 

otn~l municipaliti~' in the '"tne clu'ter. It i, still one oftbe clo,e,t to tbe clmter c",moid and therefC>l"e 

cmltinues it, strong rdmiOlhhip with [he nth<;r municipalities in til<; duster in krn" nf r~por",d data. It is 

also noted that altboogh George and Mosse! Bay toml pm1 of Cluster 2 it 11", been mention~d "bov~ that 

b-:,id~, Sldlmho,<en. tbey have tbe I""st in COlllmon with tl'" otber muniCIpalities in tbi, cluster, contirmed 

by the r""t thal they "'~ separated from the main groop of mllnicipalltk, that mak~ up Clu>l~r 2. What i, 

surprising i5 that Dr-,,/renstein and }iilau ar~ aIll1()S{ at opposile enlli of the \"'~Sl",n Cap<: g~ng,"plli colly: 

however the data indicates {bat n",y have the most in <omJll{)n in tern" Ofl;::port~d d""a. Illustrations 2, 3 and 

4 show what the relationship between the tlue. cluster, of Lllunicipalities in jen", of the 38 ,ariables that 

have signific"ntly different meons at th~ 0.1% k' d. 
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Apl'(~ DLX II 

• "' ...... 10'." ... , muJ 

'~H ' 
"~'~ ' I -,,~,~ , 

lilusiraiiuJI 11.2. Signi!inml mri"b/"sfor 3 clusrers _ (,11'$I~r I highest 

, , 
§ -. n , " .. 

!~ " " I-
" 

- " .... --. 
"~H ' ""'." : 

I/Ius/ralio" ILl. Sig"ij!<'"m mriabl~-, lor 3 cbsters - Cluster 2 hiXhe.<1 
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ApPF~mx 11 

, -i , 
"- I ",-, 

>c 
"V 

, ';-- ... '" 

fIIll .• /ra/ioil II.-/.- SiXl!ijicut1/ mriubies/or 3 dus/ers· CI"~ler 3 hixhe~1 

1IIu't",lion ~ shows Iflo", variabl .. wher~ Clmter lila' the higl",,{ mean >core tor 0 particular "ariable, 

lllummion 3 \\"tI<re Cluster 2 has Ihe highest mcan scure and lllU\tralioT1.j "ncre Cln;{.r .llw; (nc highe,t 

m,aT1 ,o",e a, compa",d to the other Iwo duskr". There are slightly more vari,1i>{es wher~ Clu,ter I has a 

higher mean soore (17 variable,) as oPP"",d to Ihe 10 variables for Cluster 2 and II yaria~l., I'm Clu'ter J. 

As the Ihree g,"ph, m-e repr~,ented un (he samc soak_ Ihe variabl~, that hav~ a higl\est m~an 'CDre in Cluster 

1 appear 10 vary tl,. mo,( aro'llld Ihe mean. !'ullow,d b)- II", graph "h~re Ciu'{" 3 l\as Inc highe,( mean 

score_ I~aving the grapll where Cll,,;rer lila, a higl\er mean <cme a, the on~ with the lea't ,'arimion around 

lil. me.,n. 

Again. almu,1 all variables relatc tD financial data, with }-;le("Dis("cmnedi(Jn 200~ S'plember and Decem""r 

b,:ing th~ OIlI}' ~xoeplio"_ Ihe relatiDn,hip between Clust~r< I and 2 for EiecDi-,ccm"ediml i, the ,arne for 

bDlh Df the<e quart~rs with the mean SCOfe of Clmter 2 being rug!;"r Ihan that of Cluster I. but the m~an 

'oDre of CI~"er .1 'S Iligl\er tl1<1n both otl",r clusters in Septemb~r. dropping substontiall) to b< iu:;t b<low IIlat 

DfClus{er I in Decembtr. 

Ther~ ar~ al'" significant difi'er~nc es b<lw~en the m~a", scor~s of Ihe clu,ters for CD6V-90Dm'" "heI< 

Cilliter I I"" the Ilighesl mean scme and Clusler 3 the lowest for Ihe jirst j:"w periods und~r ,,,,alysis, but thi' 

chang~, signifLcamly in D«.mber 200J where the mean for Cluskr 3 suddenly be"om~s much larger I'm 

Clmter 3 than II", other two cluslen which mainlain Ihe,r relalionship, CDRaleJ al,o shows signijicant 

difference, witll Clustor 2 haYing Ihe highesl mcan ,core in June 200:. bul I>y June 2003 Clusler J has the 

high~sl mean score and I>y June and Dec<mb~r 2004 Clu'ter 1 I\a, Ihe higl",,1 mean ,eoI< for CDRarn 

Clu'ter I also liaS the highest mean scor. for CDIf;lId" in , orne oflhe ",uli~st periods. "ith Cluskr 3 haYing 
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AI'I'ENDIX II 

the lowest mean score, but in March 2005 these positions are completely reversed. CDRejUJeRem appears to 

have significant differences at similar times in the year with Cluster 2 having lhe highest mean SCore in June 

::!002 and March 2003, but the Iowe<1 mean <cores in June 200.t and June 2005, with Cluster 1 always having 

a stightly higher mean <core than Cluster 3 for all of these quarters. Finally, in some of the earlier periods 

Cluster 2 ha. the highest meom score for CDSeuwage, with Cluster 3 having ahigher mean ,",ore than that of 

Cluster I, but i. overtaken by Cluster I in MaITh 2003. Howe'er in some of the latest periods Cluster 3 has 

the highest mean ~ore for CDSe"''''ffg~ and Cluster 1 the lowes!. 

FinalJ}, the variables tMt vary l'!IOSt arOlmd the mean between the three cill'iters are CDRefiJ.,eRem 2002 

June, CD90+Day.' 2003 S"!'tember, CDilaler 2005 Man;h and Ele(:Du(:onne<:lion 200.t September, 

indicating that there may have been .ome event particular to these periods to cause this wide variation 

between clusters. 
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Appendix III 

Cluster Analysis: 
4-Means Clustering 
Table 3 ,how, how the municillaiilies have clust~red into four group' all(lthcir distances (0 Ihdr ''''I'Celive 

CiUSItr centroid: 

TaMe 

o~. St"'''''''' .- .- ,"" ... - ' .. " , .. "'''''- H'''' e""c""]",,, G.'''' 
0"''' H .. _~ , ,." 
~"25 ~- ""., 
,~" ~""" "'~ DO'" 

"'" o.~ .. ,,~ 

"", D."'" , .. 
0."'" 

Clustering with 4 clu<,le" j, ,,"'y 'imilar to thot of when 3 cluster, is med. As mentioned pre.iou,I,. 

DrakmSleiJ! ""oJ Hi/ou w.r" cotlsi<R"d to ll¢ two or the llluni<ip"liti", with Ih~ leas' in oommonlo the oil", 

muni~ir"lilic' ill (11.:> clus!er onalysi, and thi' follow, Ihrough agoi11 in Ihe r~,ult' as {hey rema;rled in Ih,i, 

own ,lu'ler_ ']1" mULlicipali!i., that w~re ,~en to Ix funil"'1 away from Ih~ elmler 1 centroid, Cilv ojCUf'" 

Tmm, Beau/on W;',\'I and f(nys"" h"". now splil """Y rrom ClUII<" 1 ill 11" 3 cluster ."aly,'" as ""I"'Cled, 

and ro,med their OWLl cluster, Prince Alberl, Ber;gril-iN ond S",cllendam continue to be clo,est to the awrage 

of Ciu't" I with Brude River Wine lands and Wir:o."be'g no", being tile furthest from the centroid of 

Cimte, 1. Slel1~l1l>os,h. GeooK' and Mosse! Bay aho cOlltinue to hove the lea,t in common with the other 

Ll1unicipalities ill Cluste, 2 "nd would be 'h~ 1\IOS' likely 10 split away if mo" than ,I cius,ers W"" 

considered, IIlustrmion I ,how' how tili' c lu.".ring "1m,, in geographical,erms: 
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A I'I'I:NDlX II! 

llIus/ra/ivIJ Ill.].- G~vgwphi"a! fou,. clusrer "",m!J("r_11111' 

1111 CIQsur 1 
lii: Cluster 2 
~ Clu:rterl 

ClllSter 4 

Clust~r 2 has nol changed geographically as the municipalities in the clus1~r ha,"e not changed, The 

surprising rar1 that 1h.t Drakensiein ond BltON a.re almost at opposite ends of the W~stern Cal'" 

geographioally; bnt thai th~ da1. indicate' iliat they have the mrn;t in common in terms of reported data is 

,een again with the ne"ly form~d Cll.l.St~r 4. Ciry o[Cape Town is literall) situated at the opposite end of the 

Western Cope to Beaufor/ lib! and KnysnIJ. but the data indic.t~. that they have the m",t in common with 

each other, with Beaufon IJ"$I and Krtysna being closest to the cluster centroid "hich is not ,urprising as 

they ore the do,est together geographkally, separatd only by Oudtshoom which wa. removed from the 

anal},i, at the beginnill:. Illustrations 2. 3. 4 and 5 stow what the relationship betw~n the four clllSt~rs of 

municipalities in terms of the 34 ,ariable, that ha,'e ,ignificrunly different means at the O. 1 ~.Ievel: 

, 
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II/us/ralion IlL1: Significant variable, jor -I dusrers - Cluster 1 hiXh('sr 
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II/u.Tlralion 111. 3: Significant I'ariable~ for -I dusrers - Clusler 2 highest 
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/fIustration IlJ..f: Significant mriabfe., jor -I d'L,ler., - Clusler 3 highest 
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Illus/ralion 111.5. Signijicant ,'oriabfes for .$ clu"len - ('Juster .J highe,-I 

JIlustralioll 2 show, t[,= variable, \\lI<r. Clu,ter I has til. highest me"l1 ~c,,'c fo, " p'rticular voriablc, 

lllustration 3 where Cluster 2 has tli< highest mean ,core, IIIumat:0ll4 "her. Cluster 3 1,"$ Ihe high.,t meilll 

SCOrt and Illu'irdion 5 ,,1WTC Cluster 4 has the highest mtan score a, compared to the other two cluster" 

C1us\er 1 (onli,,,"cs tl1 have the highc,! me.n "ore for tilt most v,riablc< (II \'ariable,) with K 9 and 6 

,,",iable, for Clust." 2, 3 and 4 re'~Clivd ). A, the four graph:; are repre>ell\cd On lhe same sc.le, lh" 

variable, that have a higbest mean <core ;11 Cluster 2 appear to \'ary the mmt around the me,,,, f<>llowed by 

the gmph whore Cluster -' h"-' the highest me,,,, SCOre. leaving Ire graph where Clmter I hos • highcr mean 

<CC4"e with lillie v.dalion around Ihe me,n, bul Ibc gropil wncre (:lu,Her 4 h,o; Ire highest mean SCOre appc,rs 

10 nry Iholea,llmund Ih . me"n. 

Again. alm""t all \'ariab~s relate to financial data, with Elc,'Di.<cO!m~Clion 2004 Septemi:>er, 

Elednd.\fr!i1ewrv ~()()~ M.reh and RRlnd,l fonelwy ~oo~ Decem ber heing the onl} e~ceptio"s, Th~ period; 

<'fSeplomi:>e r on;! December 2004 "re the .amo "' inlne 3 d",Ior illlJly,i" howcver the v.riable, i~ "nil' ~'0 

sam~ IOor Septembe r whe re Clu'ter 3 "!;'lin na, Ihe bi!;he<t me"n ,core 'J,-- far, In M""h 2004 CI",tor 4 h", 

the highe't mean score and in Decemi:>er 21Xl4 Cluster 2 has the highest mean ,",ore, witll Cluster 4 just 

helow lhat with CI usrcrs ] and I sign ificanrly lower and clo,e together, 

111ere ill'. "Iso signilx:m11 diff. re""es bel" • • ll tne m" ns "ore$ of Ihc du'l~l-S for CDR(1k., "hCTe Clu,ler 3 

has the higbe't mem1 <core ill June ~oo] alld Clu<!er 1 the low,,-'t, with Cluster 2 being slightly higher rhm1 

ClllSt~r 4. Tn JUlle 2004 the clusters haw revened po,ition completely in tenus oftl~ir mean s Cor~' and in 

D~cember 2004 the result< are similar. hut Cluslers 2 wd 4 haw .Imo,rlhe ,ame «"'0. This Ncur, "pin for 

CD30"60D"ys "hero ill S .ptoml~r 200] Ciu,ter I h", the ni!;heot me"n "Ore ""d Cluster 3 tile 10",,,1, "ilh 
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Ciusw, , ~cing slightl}' a~ove Clustc,), H}' "lorch 20M the,~ cluste" hove r~Hr,~d po,itions coml'l.t~l) 

with Clu,t.r 3 now h"villg " .ub,t",lli"ll) higher meall >core than the other th,.~ cluster>_ 

ror the earlic_'t f"ri()d, Clust" 2 has the highc'tm~an scnrC for CDRcn,wR,'m with Clu,ter 4 beillg ,lightly 

ah-ove Cluster 1 which Jre both only ,lightly "bove Clu,t~r 1. In Jun~ 2(l03 this relmion,hip i, very 'imilar 

exccptthat CIU<t~r 3 now ha, the highe't m~a", ,core a~d Clu't~r 2 doe, not exhibit 'lK'h all extreme value. 

By ,orne of the I"te" period, Uust~, 1 ha, lhc hig,h~'t mean ,cr .. e tor CDRefoseR"m and Clust<r 2 the 

lowest with Cluster ... being ,]ightl) higher th,m Clusle'- ,_ For CDrJ"i"" Clu,tcr I an d 4 ha\'c the highcst 

mC"n ,co,e, \\ hich a,. alnw't the ,am~, for two of tl'" eariiest perio,!' fo11o" ed by (:I u,ler:' "nJ then CI"slcr 

3, In March ~(l05 CluSlc, ) ha, tl'" highest m~an SCMe for CDITlu",: with the mean ",oreS for CJ uster I ,md ... 

again being almo,t the ",me. b"t now ,,,b-'1,,nti,,lly lowcnhan the ()ther tw~ duster>. 

CDS''','a(lge is ,huwn "s ha\ing at least one ,ignificantly diffe rent mean scorC [l(:ro" cI,,'tcr for 8 out of the 

13 periods which; , sub,t",,,;,,I!}' more than h'" he~n seen tor any other vru-iable thronghout tile "n"ly,e" In 

June 2()(l2, Clmt~r I has the hig),."t me"n ,CorC for CDS"" .ra!:" Ci"'t~r 2 tdo" thi' with Clusters 3 and-1 

haying "imo,ttliat same low"'t m~an <cor~, In the early perioJ, "fler lhi, Uuswr 1 move, co lia"e th. I~we't 

m~ans ,""ore for CDSc"'"rl1!:", with Cluster 2 having the highe't "nd Cluster -1 being olli}' slightly highc'r 

thon Cluster ], Illihe lalcsl periods. C]ulter ] still hill t!~ lowest mean ",me, but the mean ,core for Clu,ter 

3 become, much hi&h~r I1\all that ()fClmt~r 2 and 4. 

l'inally, tho variabl~s th"t V"'y mo,t "round the m~an Ocmwl1 the tour cluster, are ElecDisconl1eCli"" 20(l4 

S~pt~mber, CDIJ-,>ler 20(l5 M,,,cn. CD9I!+Da."" 2003 SC[>lember, CDRef,«eRem 2(l02 JlU,e and 

CDS"" crag" 2002 S~ptembe" inJic"tillg th"t In.,,-~ m"y h"vc bc~J] somc cwntl'articular to II",," p .. iod, to 

came thi . wide ,,",imioll between clusterS_ 
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Appendix IV 

General Discriminant Analysis: 
2-Means Clustering 
The variables that are included in the mooel at the 1% lewl of Si j!Jliiiconce \\ hen a~tcmptil1& 10 diScriminate 

tel",,,,," the two clusters are ,hown in Jllustrmioll L TI",y have teen presented such thot they"", shown ill 

II", order in which they entered the mooel: 

2 Cluotors 

" 
" 
" 
" 
" 
" ,. 

I 1 1 I I I , • ~ ! i 1 
I • ! ~ I , , 
I i ! , 

! ! , , 
i , , 

• • , , 
• 

Il/uslralion tV /- .)'ig"ijicanl Variables ill Z-e/us/a (jDA 

it i, clear that the greate't de"iali,," bc(\\cen mOal1, "ccurS I", Cf)9()+ f)ay.I' 2()()3 Sert~mber. "her~ t~ 

mea" nf Cluster 2 i$ that nl\ldl high~r tha]] t~ mean of Cl"ster 1. Once th e ert~t of this i, taken into 

consideration. oil other ,ignifLCaLlt variable, relme to rclminnship "h~.,.e Un,te, 1 has a hi ghe, mean than 

Cluster 2. If the allaly,j, i, considered o! each step" is determined that 001.,. the fiTht lhree variables arC 

re4"ir~d to be abl. to c"ssiry tb. lllunicipaliti~' with lI}Ct% accuracy. indicating Ulat an}thing above this 
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I'.uuld lead (0 over-fining of (he model. At each ,t~p the mo c1u.ters ofmllllicipalities, along with the mean 

score of exh duster, is plotted against their relevant one-dimensional discriminant function (Appendix VIJ) 

,hown in Illustration 2. 

I. CkJ>ler 1 . C"~er 21 

._ . .... . ,.. 

~ • r •• , • 
i 

• .. /) .. • -- .. - • 

• . , • , • • 
Illustration I V 2.- Stepwise fJj"erimi"ant Function Plolfor 2-C/usler GDA 

\( Can be '~en in the top line of the graph at the first step in the model, when only CD90+Doy. 2003 

September is included in (he model, th~ the clusters arc quite ..,parated and it should he po"ible to 

discriminate fairly well bet"een the clusters, Ho,w"eT Saldanha is misclassified into Clust.r 1 and B~aufort 

IJhl misd...,gififfi imo Cluster 2, which lead , to an owrall accuracy of prediction in the model of91.30"/., 

At the second step, ,ho"n in the second line oftbe imph, where Elet:Roconn~cl;on 2005 M:rrch is now also 

included in the model, the mo cluster,; mOve further away from each other, but the mOO.l's overall accuracy 

of prediction actually decreases with Saldanha and Becn;forl Ifbl 3@ain being mi.classified, blll the City of 

Cape Town also being misclllssified as CluslCr 2. This leads (0 an overall occur""y of prediction in the modd 

of 86,960,1._ It i! only wh.n San]"d.l/onflar,- 2004 M:rrch joins the model that tbe clusters very clearly 

separate away from one another and there is I ()()Olio accuracy of prediction of the municipalities into their 

respecth'e clusters, Ho",ever, tlli ' al50 results in the discriminant score of (he cluster! being re,'er,;ed and (he 

municipalities in Cluster 2 l>OW have lo"er discriminant scores than those in Cluster I, 

It i. ne-ces.ary to look at the factor 'tructure coefficients (Appendix Vll) to determine the relationship 

between the vmooIes used in the model and the respecti,'e clusters. As CD90+Days has a negative 

relationship with the discriminam function. but both ElecRecanneclioll and Soolnd.l!onttary have positi ve 

105 



Univ
ers

ity
 of

  C
ap

e T
ow

n

APPF-"'DlX IV 

r~lation,hips. Cluster 1 has high eleotricity reconneotion$ over th~ three months ending in March 2005 and 

high provision of free basic sanitation in terms of its monetary value in March 21XJ.t. but low long-t~rm 

debtors for the period Sept~mber 2003. Cluster 2 obviou,ly has the opposit~ profile. 
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Appendix V 

General Discriminant Analysis: 
3-Means Clustering 
The \'a,-iable, that"", ;"eluded in ti,. m<Xld a) tile I % I~'-"I of sigllifio""ce "hen a,temptiLlg to discriminm, 

betw."" th. Ih,"" C1USl.'S are ;;howll in lllumation I, They h"ve been pr~sent"d ,udllhal tbe} are sl~)Wl1 in 

th" order in whicl1 Ille), ~nt~r"d til. mod.l: 

, 0" .... 

" 
" 
" 

~ " - ,-, - , ... , 
" 
" 

" ! II 11 'I Ii Ii !l i' II ~ !' 

lIIus/raliun Vi -' Significant Van'ahIe,<for 3-Clus/er GDA 

It i, cl ear that \h~ gTeat~'t devialion between means is for CDll,""r 2001 Th>cember: fIoweyer it i, not a, 

;;igni/jcalll"' CDRal," 20()4 Juoe in t~rm;. of dis<rimina{ory power boom'een the three ciU'I.fS "' this j, the 

firs! ,'ariable to ~nter lh~ mcxld. )[ apJ't'ar< that lhe mean of Cluster 1 ;;; sig,nificamly higher than the other 

two elmte" for CDlfill('" 2004 .Iun~, which j, tl<){ seell again until n',rerOIMlou.<e 2003 September and 

SanlndJio"elary :OCH Marcil. Th~re is al'KI large,- d,,,iatinm between the clui;ters for CDSelwraRe 2005 
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Jime. howe"e, in this c",e il i, Clu'l;:r 2 thOi ha, a sisnillcantly lowcr mcan than rho ~(l"" ",.~ oluslers. 

,onilnning that Ih~ ilrsl 1 .... 0 "ariablcs explain diffcrerll variatio" in th. model. Tho largc doviati~rll)clWOCT' 

all m~ans that CDilola 20M December pro. ide< oI10w, for furth~r d ",ily in term, of b.ing obl~ 10 

dis,riminato bci,,"eOrllhe Ihre~ clust~rs. howev~r if the ""aly;;i, is con;;i~red at ~v"ry 'tep if i, d~t"rmin~d 

Ihat the model requi,es Wal,'rOlhHm<.'" 20(H ""rtcrl'''''' to further clarify this di«rimirlalion and allow for 

Ihe model to predicl do"i fioation oj the municipalilie, wilh 100% ""CUl-""),_ 

It is irltcro,Iins to nmo {hOi alth~u~h TW all tho va'iabks arc neoe,,",y (0 ,ignifLcanlly dis"'iminate bct\,~en 

dust;:,-,. ootll Gna""ial ""d ,en'i .. deliver)" lyre ,'a,iable, are Seen in lenus of the provision of water ond 

,ew~rage/sJnilation, indi,ating eilher that Iil<,e variabl~, do not CQlTe<p:>nd to ~ach oth~r a, ~xp~Cl~d or that 

ther~ W<Ie ,ignijicall1 changes o\ '~r the ~riOOs to create variables that ~xplain i"d"p"~~ll1 informati"" 

b<tw""n pe,iod, eV~1l if the)" are cOll,ist~ll1 over the ,.porting of jinallcial and ""vice delivery rypo data_ 

.... t ~acb step the ti"ee cluste" of municipal it ie,. along with the m",n 5Cor~ of ,"eil dllst~'_ is pl~tted again" 

locir relovant discriminant functions ("'pp"ndix VllIl_ "'t (oc flrs( Sler tocrc i< only ~nc discriminant 

function, leooing 10 a oo¢"dimensional plot. hut ill (I>: olil<r Ihre~ 'tcr' tl"'re orC Iwu di,,,imirlarlt tUn<tiollS 

allowing tl,.. gmph' to b< ,onsi<kred in the two dimelUioo, shown in lllustmtion 2 

• 
,. 

,. 
• 

,. 

" 
• -,. • • • • O_~. .. , 

•• 
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APPENDL'\ V 

It can be !iCCn in the first ~aph at the fif>'1 ~tcp in !he model. when only CDRuI<'S 20Ct4 JWle is included in 

thc model. that the clusters are quite separated and it ,boold be p<!ssibJe to discriminate fairly welll>ctwecn 

the dusters, ",~cially for Clust.r 3 which i, completcly separa'c from thc othcr two clusters. However, 

Ovewrtmd from Clustcr 2 i, misdassif.cd as Clustcr I and [Ralamstei". Bitou from Cluster J and Ot)' of 

Cop" Tawn from Cluster I are all miscla"ified '" Cluster 2, which lead< to an overall accuracy of prediction 

in the model of82.61%. Thi' i.not mrl7i<ing a, i~ the 2_Mcan~ Cluster Analysis it is SCen that City of Cape 

Tow" has the Ie"'t in ~ommon from the other municipalities in Clu,ter 1, however OYerstrand i. the closest 

to the average of Cluster 2 when all variables arc considcred indicating that this relatiOll.hip is significantly 

different when only CDRuies 2004 JUIlC is considered. TIle mi,clas,ification of [Rakensleln and Birou is 

unsurprisin:o M \hey both oclong to Cluster 3 and from tile plot ofmean< it was seen that CDRul.s 2004 JWle 

di~criminates wcll between Cluster I and the other two clusters. huI that it i~ very likcly to treat Clusters 2 

and 3 in a ,imila, maDller. 

At the second step. when CDSeweragc 2005 June enters the model, there lo; a much dearer 'eparatiOIl of 

dusters OWr thc two dimensions. TIle first dimension (,,-axi.) appear< to discriminate "ell bct"eeu Cluster I 

and Cluster 2 and 3. as e"pected from the above diseus<ion and e""lains 61.56~o of the variation in the 

model. The second dimension (y-axi<) appears 10 di<crimiuatc wcll between Cluster 2 ""d Cluster 3. 

e"plaining the remaining 38.440/0 of the variation in tlJC model. agaiu e"pected as when CDSeI<'nage 2005 

June is considered in the plot of meanS Clustcr 2 ha<; a much lowec me"" toon that of the oth.r two clusters. 

Recalt that the ,ecoud dimension already accOUIlts for the variati"" nplained by thc first dimeusion and 

thcrefore although Cluster 2 also has a much lower mean than Cluster I for CDSewerage, the model is 

alrcady able to discriminate Cluster I from the other \\'0 clwt<r! and this additional information is nO! 

,,,,ce<Sa!)'. At point the merlel is ablc to classify municipalitie, with 95.65% accuracy. with Bmufon "ht 

from Cluster I being mi~dassiticd as Cluster 2. 

Wheu CDiVa/a 2004 December i. add.d to the mod,l the clusters again separate further, hut tl", model's 

predictioo power remains ,table with 95.65% accuracy. Although there appears to be more ""paration 

between the cluster., with the first discriminal1\ iunL1ion now explaining 71.66% of the variation in thc 

model, Beaufon We . ., continues to oc miscl",sifled and it i. n.ce<sary to add WulerOthHolISe 2003 

September to the mod.l foo- 100% O<CllT~cy in p.-"di~tion. As with the 2-Mean< Clustering. this final ;;tep 

r~verses the discriminant scores of the municipalitie, in each cluster. 

It is necessary to look at thc factor structure co<fficienr.. (Appe,Jdi" VlII) to d.terminc the rclationship 

IJCt"ecn the variable, used in the model and the respective dusters. As Ihe first discriminant function 

explains 88.01% of tile varia!i"" ." the data and the second e"plains tile remaining 11.99%, the focu, of the 
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interpretation will be on the first dimension. particularly as the two dimensions contlict in t..-ms of 

interpretation at some points. but dimension two already takes dimerr<ion I into account when explaining the 

variation in the data. CDRar .. h", a positive relationship with the first discriminant ft.mction and 

CDSe"'eraIU. CDllil/or and Wal",.01hHou.<e have a negative relationship. but CD!iil/er has a negative 

relationship with the second discriminant ft.mction "nd the remaining variables hose positive relationships. 

Clu,ter I has high cOnSumer debtors relating specifICally to rates and low consumer debtors relating 

specifICally to water seNices when compared to Cluster~ 2 and 3. It also appear~ to have higher consumer 

debtors relating specifically to sewernge/sanitalion se"ices along with a higher number of non-indigent 

households with access to free basic Waler than Cluster 3. but these are both lower than Cluster 2. 

Cluster 2 has low consumer debtors relating specifically to ",ater services "long with a low number of non­

indigent household, with access 10 free basic water when compared to Clusters 1 and 3. It also appears to 

have higher consumer debtors relating specifically 10 rates and lower consumer debtors relating ~po.:ifically 

to se\\erage/sanitalion ,ervices than Cluster 3, but the opposite relationship to Cluster 1. 

Finally. Cluster 3 has high conSumer debtors relating SJ>"Cifically to ,ewerage/sanitation and water SeNices 

along wilh a high number of non-indigent households with access to free basic water wh"" compared 10 

Clusters I and 2. 11 also appears to have lower consumer debtors relating ' pecifically to rates" hen compared 

to Clust..- I, but this i, higher "hen compared to Cluster 2. 
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Appendix VI 

General Discriminant Analysis: 
4-Means Clustering 
The variable, Ihat = included in th~ model at lb. I % level of ,ignificance "hen attempting to di,c,imill"te 

bel"een the four cluster< are sho"" in IIIustraliQn I. They have been presented such that they are .hO\\11 in 

(he oriIer in which (hey C111"ed the n>O<le1: 

" 
,., 

" 
" 
." 
." 
." .---. , 

~~ " .~ " ~~ e< 
'. " " !~ i ~ 

__ I 

i" ,< ,< " . , .. 
~" I! ~~ 

I ' . ., 
P ; . 

,~ ;, , 

', .. "" - .,,, .... , - ,-, 
', ,",,,'_'4'<' 

Illustration 1'1.1: Significanl i'wiaiJIe$ jor .I-Cluster GDA 

It i, dear that the greatest deviation between meallS is foJ CDSewe<rrgR 2002 June: however it is no! as 

significant as C[)6(}-90Day. 2003 December in terms of discrimiu"tory power between the three dusters", 

this is the first variable to enter (he 111Odel. It appears that (he mean of Cluster 3 is significantly high" than 

the other three cluster, for CD60-90Days 2003 December, v.hich is not "en again throughout the significant 

variable., although /;.,..,.,Jr,* 2004 J~ and EI~cDi.(Y)m,~ai()n 1004 December are bOlh ahle to 
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Ji,;criminale Cluster 1 from Ih. ot~r til". elmle". TIl. second nriable that ente" the mod . 1 i, 

CD&wemge 2005 March which apl"'ars 10 I-.: ahle 10 dis.criminatc I:><lween all four dusI.rs. hUI h{){h 

Eiednd.l!"ndalJ" 2004 \larch and CDS .. weargf 200: June "r~ ne~ckd by tile model in order to c,"rify tn., 

di",ri Ininalion furlhor Jnd allow for t~ mockl to predict clJssiticatioo of tile municipal iIi., with 100'/. 

acemacy. Thes~ IwO oddilkln,1 \iari.hks app.ar 10 di,crimi'l.1le Clu.;ter" and Cluster 1 r~sp<cli,dy from Ih. 

{){I",r cluste" and Iherefor~ w!>.n nw four ar~ combined. il i< nol ,urp,i;;ing thaI illeads ta 1 OOV, accuracy of 

prediclion. 

It i, inter~'ting to not~ tho( allllOugh nOI ,II Ihe ,ariahle, are nec . "a,y to significJntly di.;criminalt helwe~n 

cluslers. CDSe~ 'erage appear, t" ic~ in lile ,ignific",,1 "riOOks. indk,(ing (itol Ihere arC compk(dy differ~nl 

proCdes of dll;t~rs il\ Ih"e two periods. llo",e,",r. this i, not that ,urprising as tile one i, token from the nr)' 

b-.ginning of the period unde' analysi, and n", oIl"" from the ,econd to bst qUJrt"'"' 

Al each step Ihe four cluste" ofmunicipalilie,. oiong WiIh Ihe me,n \cOr~ of e[\Oh du,(er. i, P!Olt~d a!#liml 

Iheir rdev'nl discriminant fUllctions (Apl"'ndix IX), At tile fir,t ,t~p ther~ is only one discriminam fuoction. 

leading 10 '<ln~·dimemional rlol, hnt in tho ,"cond .;tep Ihere ar~ Iwo di,criminant funclions allowing Ihe 

grarh, 10 he eonsickred in two dimemions. Tile tinal (wo ;;kpS ha\~ lhr~. discriminant funcliOIlS. but"' the 

first two expbin II-.: large,1 amount of va,ialion in Ih. data only n",y will I:>< cODsidored in the anal)"i,. 

giving again the two dimension; ,hown in Illustralion 2. 

I. Clust~r t • C" sl..- 2 • Cluster 3 • Cluster 41 
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where only ClX,()-90Days 2003 December is included in the model. The accuracy of the model at this point 

in terms of prediction power is 60_880/0 with nine municipalities misclassified, with C~d.rberg from Cluster 

1 and Ciry o/Cape T""lI from Cluster 4 being misclassified as Cluster 2, Breede raliey. TheewarersJ:!oo/and 

O"ersInmd from Cluster 2, Drakonsle;I1 from Cluster 3 and KnysM and Beaiforl Wesl from Cluster 4 being 

misclassified as Clu.'ter I. This classification rale improves dramatically at the nc.'(t step when the elu,ten; 

are now considered in two dimen'ions and CDS" ... .,ral<' 2005 March enters the model. Clus1<r 3 is still quite 

separate from tho other clusters, however Clusters I and 2 hove separated further, with Cluster 4 being 

situated hetween them. Only Drakmsleil1 from Cluster 3 and M)'ma and City o[Cape TOI<n from Cluster 4 

are misclassified as Clustcr 1 and Beaufort Wesl from Clu,ter 4 is misclassified as Cluster 2. leading to an 

accuracy in the model of 82.61 % in terms of correct classifications of the municipolities. 

At the third step there are th",e discriminatory fWlction •. however only the first two wi!! be c .. ,"sidered as 

together they explain 95.28~, ofthe overall model and the cluster< "'" easier to interpret in tv.o dimensions. 

In the third step. EleclndMon~lory 2004 March emers the model and Cluster 4 is now well separated from 

the other clusters as shown in the third graph. The only mWlicipalities mi""lassified now are Drokms/ein 

trom Cluster 3 and JI'r.el1berg from Cluster 1 wNch arc misclassified as Cluster I and 4- respectively. 

leading the model to have an accuracy of prediction of 91.30%. It is only when CD&Wwage 2002 June 

ente .. the model at the fourth step that the modo! is able to predict with 100";0 ""curacy and the clusters are 

clearly separated from one another when con.idering only the fll'sttwo of three dimension •. 

It is necessary to look at the fuctor structure coefficients (Appendix IX) to dctermine the relationship 

OCt,.,.""n tbe variables used in the model aM the respective clusters. As the first discriminant function 

explains 70.l7V, of the variation in the data. the second discriminant iimction 22.81% and the third 7.05%. 

the lOcus of the interpretation will be on the first dimension, but the second dimension will also bo 

considered"" it add. substantially to ~,e explanation. with the first two dimensions explaining 92.95% of the 

variation in the data. Keeping in mind that dimension 2 oJreociy takes into ""count the variation explaincd by 

dimension 1. EleclndJfol1elary 2004 March has a negative relationship with the first discriminant function. 

but CD60-90Days 2003 Deccmbor. CD&",erage 2005 March and CDS., .... erCl9;e 2002 June exhibit a negative 

relationship. wbe reas CDS"l<'~raK<' 2002 June ha< a negative relationship with the <ooond discriminant 

function and the remaining variable. have a positive relationship. 

Cluster 1 has high medium_term debtors for December 2003. but low monetary value for the provision of 

free basic electricity in March 2004. When considering consumer debtor. relating "P""ifioally to 

sewerage/sanitation services for both March 2005 and JllIle 2002. Cluster I is higher for both than any other 

cluster. however it is higher forthe period March 2005 than in the period June 2002. 
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CluSTer 2 ha, below average medium term debtors for December 2003, but above a\'erage monetary value for 

the prov;sioo of free basic electricity in Mm,h 2()(1.t, ,Vhen considering consumer debto~ relating 

specifically to sewerage/sanitation services for both March 2005 and June 2002, Cluster 2 is low, but not the 

lowes! compared to the other dusters. but has the lowes! \'alue~ in )'larch 2005 and the highest in June 2002. 

Cluster 3 has above average medium term debtors for December 2003, but high monetary value for the 

provision of free basic electricity in March 2004. When considering CO"'<UtlIer dcblor~ relating specifically to 

sewerage/sanitation services for both March 2005 and June 2002, Cluster 3 is average, but i, highest in 

March 2005 and lowest in June 2002. 

Finall), Cluster 4 has below average medium term debto" for December 200}, but high monetary value for 

the provi,iOl1 of free basic elecnicity in March 2004. When cOI1sidering COnSumer debtor, relating 

specifically 10 sewerage/sanilation services for both March 2005 and June 2002, Cluster 4 ha, the Iowe,t 

deblors Ihan allY orllerclnster. howe"er in roc clusleT itself, il i, higher for the period M=h 2005 than in the 

period Jillle 2002. 
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Appendix VII 

General Discriminant Analysis : 
2-Means Tables 
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Final Step 
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Ele cRe connecti <:<1 2005 M ",or. 
s.. rj rdM onel",y 2O[).I Moror. 
CDRe lu,eR em 200~ S epl ernbo r 
Bo rI<fl oi orJ(;e 200~ JlX1e 
Lo""" lecTron. 20 [).I J IX1 e 
Eill"nvoi ue 
ClITl PrO!' 

"aCID' Structure Coefficients 

CD90* doys 
EleoReconn ocli on 
s. rj~ onet"'y 

, 
, ,. 
'. + 0 ,. 
. , .... 

2003 Sepl emb« 
2005 ~",on 
20[14 ~oron 

$ ... $ 

App.~mx VIl 

fcndl<:<11 
_1.8773 

2 5995 
1.36S2 

-<>.1002 
-3.214S 
_3.S4S9 
-<I.!<142 
~m 

,=" 

+ 
+ + + 

+ + * 
,. 

+ 
,--,,----------+ 
, -----~--~---~ 

,"" '00' 200' 200' 200. 200< ,"'" 2»0< = ;00; 200' 
IIIu.<lratio1J VII f. lim d uster aver"ge.\' "cross "II siglliflcaNl Gf)A variahles 

118 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Appendix VIII 

General Discriminant Analysis : 
3-Means Tables 

Variables in tbe !1l()dd 

CD~".' 2004 JlW\e 
CDS."""ogo 2005 JLr>e 505.9992 O.OOJO 
CDWotor 20[14 December 100.9842 O ~ 
WllterOtl'*iou .. 31.2770 O~ 

S." ndMonotory 1788.7259 O~ 
~~lndMonotory 2005 Jcne 373.7404 O~ 
CDTotoi 2002 Jcne 223.3656 O~ 
CD~.lu •• R.m 2003 Dece moer nO.0041 O~ 
CD~·(jOd.y, 2004 Decemoer 46_6671 O~ 
CD~ectrlc~y 2004 M",cI1 10_9388 0=. 
DiSH; mjnanl FLIIWljQnS 

St~p I 

, .000 0 

St~p .2 

IrtorOl<'! 
CD ~o\ •• 2004 Jcne 

o.e1S5 1.(0)0 

Step 3 

Intercept 
CDRote, 2004 J",o 
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Step 4 

Irte rcept 
CDRote, 200< JlXOO 
CDSe __ a,ec; JlX'" 

:",0< D.",M,,, , 

Final Step 

Irtercept 
CORote, 20 [1.1 J lXJt 
':OSo..,.,."" 2OQ!; JlXJt 
CDW.t., 
WotorOthHou .. 
SonindMonetory 
RRlndMonetllfY 
CDTctot 200. JLr\e 
CDRofu,eRem 2003 Docember 

Factor Structure Coefficients 
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(0,·,·· .. ,,·,_ 

'_OW,Mr 

1" ot .,'011-.'< "-' "" 

:'004, .,-" 
:'OJ'" __ u-·, 

AI'I'E.~DlX VIII 
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.7 .54~4 .,-
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~2,!lSaO _0,a7S~ 

S,440~ _0 55SO 
t:l.2777 0.4168 
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- -+ 
• 01 .... " 
• C .. "', 
• c .. "', 

llIus/ration VlIl.l- Three cluster averages across ali significant GDA l'ariahle3 
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Appendix IX 

General Discriminant Analysis: 
4-Means Tables 
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Appendix X 

Classification Trees: 
2-Means Clustering 
Ulumation 1 ,how, the cla"ifi"atiolllr~e IiJai is ~blt 10 ,u""c,sfully cia,sify all municip"lilie, into the two 

dusters IMI we", iMnlintd in the K - ~I"ans Cluster All"ly,i>: 

1/I1,,<rr(11iol1 X / - Ua_uificalion I~ee for ~ elus/as 

Although there need onl} be on;, splil IQ separale" ):r<lUp ill '''0_ there i, nil one variable thal i, identijied in 

being able to do thi' for this pIlrt;""I~r analy,;s . Two Ie,'d, in (he Iree are required in order to completely 

srlil the mlmicipal;(ies i1110 II",;, rc,,,,,e,i>" elustc,.,_ identifying CIX'u,reni 2004 JW1e aoo B""kB""II!~e 

2002 September as the mosl ,igllifi,,~rn v~Tiabb able tll do '0. The decision rules that "ill cla"i!y a 

mULlicipality into ~ part;""I~r d ",)e, arc: 

CluS!rr 1 

CIX'wnnl 20[1.1 June). 0.4648 OR 

COCwnni 20[1.1 ]""" < OAM8 AND B"nk8al"nc'~ 200::> September:> 0.3992 
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Cluster 2 

C/X'umml 20M .!u"e '" OA648 AND BankBalcmc,; 2001 Sept<mb<r -< OYN2 

A. there are onl) two v.nable, tbat are nece .. ary to be able to classify municipalities with 100% accuracy 

when c"",id.ring the clusters Crealed from tbe 2-Mea", Cluster Analy,is. it i, possible to map these decision 

rules. In Illustration 2 the most signifkanl split using CD(·!Jm.·n1 200~ }UIl. ,hown on the x_axi. and 

B<wkBa/(1J1u 2002 September on the y-a>.is. The relevant cut-off points for each is also shown. 

---i-."~'----I •• 
- - - - - -- - - - - l- .-i- - - - - -- --, , , •• ,. . , . • • 
-~~~---~,~--+-, ----­, , , ., 

I!/ustration X 2 __ ,\funicipalities plorted on significant mriablesfor 2 duster .• 

It is nOw eas~ to ,ee tbe deci'ion rules taken from the classificatiun tree that split the munkipalities bet" een 

the t\\O clu,ters. Initially. Cluent COll'lWller dd,lors are seen as most signifi~ant in splitting into the t\\O 

Clusters. with Cluster 1 having higher consumer debtors than Cl~st.r 2 for June 20M. However, thi' does not 

completely separ(Je Ihe municipalities into the two clusters and Bilo" would be mi,classified as Cluster 2 if 

only this splil was used. Thi, is not that 'urpri,ing as B;lOu bas the least in common with the reSI of Cluster 

1. to the point \\ here it splits off from this cluster when more than 2 clusters are considered ""d funns a 

separate cluster \\ith DraXensfe;n 

In tenns of COCurrent 2004 June 'pecifically. Buou has more in common with Cluster 2. however once thi' 

variable is accounted for. the Classification Tree detennine, thm &",kBatance 2002 September is the most 

significant in b<ing abl e to split Biro" from tlle Cluster 2 and classify all municipalities correctly. 
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Appendix XI 

Classification Trees: 
3-Means Clustering 
lliu"ra{ioll 1 show. the classiiic"tion tre. tb"1 i, able 10 ,ucce"fully classify all municipal ities into the thr., 

elmt." Ihat we,e identified in the K -\i,ans Clust"' An.ly,is: 

< 0 2&65 

cD 
Illll_I'frat ivn Xl. 1- Classij;wlion Iree fOl" 3 dusters 

It is only necessary to split twice 10 be able tf) <cparate a ~rf)Up into th .. e" ond the ci"ssitication Ir." j, "bl. to 

do this for Ihi' particular anal:,;,_ '11,c tWO levd, in the tree are requ;,.d in order to complelely <pili Ih. 

lllunicip"iities into their respective 01 u,le", ago; n idetltifying CDeun-",,! 2004 11111. as the ma,t significant 

,",\liable to b< able to do SQ, nullo '1,lil belwee" elu,,,,, 2 and 3 aft., this B""kBu/mlce 2003 :',brch is seen 

as the mosl signiilcant vari"bI" The Jecbion rule, that will cia,,;f)," Lnlmicip"lily into" p"11icular clmter 

Cluster J 

CiX'"rl'enI 20N Jlme" OA6·18 
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Cl yster 2 

CDCw"'~nf 2004 June <OA6~8 AND &nlB{J/{Jna 2003 March <0.2665 

Ciu,tcr 3 

(-rXurn"nI 20C4 JllJIe < 0.4648 AND BankBa/t1J1Ce 2003 March)o- 0.2665 

As again there are only two variables that are necessary (0 be ahle to cl"-,sify municipalities, but this time 

into the three clusters, it is possible to map this. In lllas(raOon 2 the yariabks ,howing the most 'ignifkan( 

'plit, CDCurrmt 20C4 June, is shown on (he x-axis alld B~"J.B~!t1J'C~ 2003 March on the y-axis. The 

releY"nt cut-off poirrts for e""h is also sho"TI: 

• i li ;il ____ _ _ _ ____ ~_ J _ _____ __ _ 

• \ . ~ . 
• '. J 

.. • 
• 

-----~ .. I 
I 
I 
I 

• .. 

Il/u"'lrOlion Xl2: Municipalities plOlted on significant variahle"for 3 duslers 

It is 1>OW easy to see the decision rules taken from the classif'lCation tre. that split the municipalities between 

the th",. dl15!ers, lnitially, <urrenI consumer debtors are ",en as most sil:Oificant in splitting Cluster I off 

from Clusters 2 and 3. Th= i, no longer the problem of trying: to then spli( Bitau to clas5ify it"-' Cluster I 

as Ihere was in the 2 duster art:lly,i" as it now form, its m\TI cluster with Dral~n.rlein, There is obviously 

slill (he need to ,piit Cluster 2 and 3 after taking the elfect of CDCun'ent 200~ June into account "00 it is 

B,mkBaiance 2003 March th..: most ,u«e,'fu~ly manage, this, allo\\ing lh. classification lree 10 IIOW 

c1as,ify municipalities with 100"/0 ac<ura<y. The prom. of the 3 dusters <an then be seen as Cluster I having 

high consumer debtors in June 2004 whereas Clusters 2 and 3 have low consumer <i<-btors in Iune 2()()~, but 

Clusler 2 has helO\, average bank balance in March 2003 wherea, Cluster J has abow average bank balance 

in this period. 
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Appendix XII 

Classification Trees: 
4-Means Clustering 
IIlmtration I ,how, the classification !t"~ rhaT i, able to ;;uccessfully classify ail municipalili., intn lhe foor 

dusto" that w~re i&ntili.d in Ill< K-;"'l.,.." Clusior Analy,;s: 

IIIusrrari()n .'(11. i- Classification I~"e for -I c/USlers 

A Ithough th"r~ 1I".d only lJ.. thr •• 'pli!, to «pamt. " grour into four. no subset of Yari.ble, or" identit",d in 

iJeing able tn do Ihi< for thi, p"llic~lar analy,;s. Tin"" le,cls in {ho lr"~ are required ill order to completely 

,pitt the muni"i~aliti" into tlieir T",sp<ctive clusters, identifying ('IJRJle.' 2(~).1 June, Bw,kB,,/allce 2003 

J~n~, Cf)Refu.""Rem 2002 lUll" and B"nkBo/al1u 2002 Jun. as tho most ,ignificaLlt nriabk' abk to do ,a. 

Thi, is ,lightly diff~r"nT to tile r,",vious two [",suits wh<r. ClX -II'Ten! 2()(~ JUI1<O had ken "'~n as the mQ'! 

'ignilka.,t to Croato the first split bet\\e~n municipalities. indicating that dKO ctxoation of tho fourth elmt.r 
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significantly influences the analysis. The decision roles that will cia"ify a municipality inlo a par!icular 

cluster are: 

C!n trr 1 

CDRaln 2004 June> 0.5447 AND Bc",lBulanee 2003 June" -0.1912 

Guner 2 

CDR"uJ 20W June < 0.S447 A,\D CDRejUseRem ZOOZ June" -1.070'1 

Ousted 

CDRaies 20041une < 0.S-1-t7 A:KD CDR,fuuRem 20021une <- 1.0709 AI'-.'D 

lkmk&/ance 2002 June < 0.7861 

OIl.tfT4 

CDRnle. 20W June" 0.S-1-t7 Al\"D BtmkBula".,~ 2003 June < -0.1912 OR 

CDRaJ~. 20041une < 0.5-1-t7 Al\"D CD&fmcRem 2002 lun.: <-1.0709 AND 

BankBa/ane,· 2002 June> 0.7861 

rhere are now lOur variables !hat are neceS!aJ) to be able to classify municipalities. unlike the previou, 1\, 0 

in both other analyses. This doe, no! mean that the <kci,ion rules cannot be represented graphically. just that 

the variables must be cho;sen carefully to represent them in rlJe best way. For thi' particnlar classification trec 

it i, not ne.:essary to analyse each pair of variables which wOIJld create 6 different graph .. but due 10 the 

,tnlclnre of the tree lhese 'plilS are easy to see u,in\> only the m·o graphs shown on lhe next page (Illustration 

8.6). The first graph shows lhc variable wi\Jt the mOSl significanl 'plil. CDRul~' 2004 June on the :<e-a.";s and 

BallkBa/ann· 2003 lune on the y-axis. which represents the main righl branch in the tree. The , econd graph 

shows CDR'fos"Rem 2002 June on the :<e-axis 1IIld BankBaianc. 2002 June on the y-axis. repre", nting the 

10" or left branch of the tree. 

It is now much easier to see the decision roles tal:en from the classificalion nce that split the municipalities 

between the foor clusters. Considering the fim graph which represents the maln right branch in the 

classification tree which splits Cluster 1 from the other clusters and pan of O\L'!tcr 4, ;1 C1lIl J:,. Seen that 

consumcr debtors for scrvi""s rcla\in\> specifically 10 rates ;.lhe most signif1C1IIlt in lerms of splining Clnsler 

I from the other clusters. However if only this rule was used Knyma would be misclas,ified lIS Cluster I 1IIld 

Ihcr<:fate once lh;s is laken into account the classification tree chooses bank balance for the period June 2003 

as the mosl significa"l in r..ing able 10 splil Knysna from Cluster I and classify it correctly as belonging: to 
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Cluslor 4. 

The remainder of Cluster 4 joins Clusters 2 and 3 in the main left branch of the tree. which i, considered in 

Ihe second graph where CDRa/f .• 2004 June has already been ta~en into account. Ignoring Ciusler I this 

time. it is .. en that Clust .. 2 is spli! successfully from Ihe other Iwo dust ers using CDRefus.Rem 2002 J~. 

Again. it appears that pan of Cluster 4 is misda"ified if only this rule is used. but once again it is K1I)· .• na 

which has already been dltSsified using Ihe other m.in ,pHI of the !ree and can therefore be ignored here wilh 

Cluster 1. The only splil that still needs to OCCur is o.h\ een Cluster 3 and the remaillder of Cluster 4. for 

which the classification tree ~ntifies B"ntBalanc. 2002 June as "eating the most significant split once the 

other t" 0 variables are taken inlo account. 
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I_ OJ$l~r 1 • Cm ter 2 _ CkJ&er 3 • Clu~ter 4 
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lIIuslration XIl.2: Municipalities pia/led on slgn~lica"l variables for" cluster.' 

Th. profil e of the 4 citlSters can finaJJy be seen "ith Clu.ter I having high consumer debtors for ,enkos 

rdating .pecifica1ly to rates in June 2004 and an "ooYe "ve'"ge bank bal"""e in June 2003. CltlSto!"S 2 and 3 

have low consumer debtors for servic es relating spocifically to riJIe, in June 2004, but ClllSt~r:2 has higher 

consumer debtor> for ,ervices relating s~ifically to rdus~ r~moval in JlIf1e 2002 and Clrnler 3 is low for 

thi, particular variable, along ,,;th having a low bank bal""". in Jun. 2002. Cluster 4 is the most 

complicated to profile "-' pan of tho cltlSt~r has high consumer debtlXS for service. relating 'pecifically to 

rates in June 2004 and a below ayerage bank balaoc. in June 2003. bUl the oth.r part of drnter has low 

COnsumer debtl)[, fl)[ services relating specific"lly to ,"les ill June 2004, low consum~r dobtors fl)[ s.rvjo~s 

r.iating specifically to rouse removal in June 2002 and a high bank balanoe in June 2002. 
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Appendix XIII 

Classification Trees: 
Tables 

:E 
, 
.~.-

• 

CDCurrent 20C4 rliarcil 
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APPENDIX XIII - -- ----~-

CDCurrent 2004 June 
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AfftNIlIX XIl] 

CLlRates 2004 Llecember 
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Illustration XllU2; Mt{!J;cipal values of CD Rates 2004 December for 4 clusters 
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Appendix XIV 

Government Opinion: 
Feedback Presentation 

Groupin~ Locoi Municip.'itie5 
in the We5tern Cape 

",j.1g PVQ Report Data 

_<k= ." •. ," ___ , 
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I Yi 

Data [ol' ",clion 

",,. 200' _ ," " 000 ' 
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2" >C' ", ... " '10.,, 
('0.2= ";'''''0) 

~1issin~ Data 



Univ
ers

ity
 of

  C
ap

e T
ow

n

~--
t~issing D~t~ 

MissinQ D~h 

Mi$$ing Data 

40<" m'. ,, "'l _ M" '· ~;,. ,,~ . 

~ ______ MiS$ing Data 

t~is>ing D.t . 

40'" ~ " ,~ , 

- .. '"" "'. ,,~, 
_v"., ~, 



Univ
ers

ity
 of

  C
ap

e T
ow

n



Univ
ers

ity
 of

  C
ap

e T
ow

n

~~~~~~~~~Aw~crX~I' .... ~~~~;:~ 
General Dis(r imina nt An alysis Classification Trees 
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Appendix XV 

Government Opinion: 
Feedback Meeting 

rhi. meeting Wa5 hold 
Wilh the Department of Local Government and Homing 
on 16 Ma) 2007 
at [4hOO unti115h30. 
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Appendix XVI 

Government Opinion: 
Cluster Analysis 
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Appendix XVII 

Government Opinion : 
General Discriminant Analysis 
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Slep 3 

Step 5 

1"IO,eep< 
Eiecl ndII'ornet"'l' 
P MS%i ""Iornoo'.o-J 
W, lOrOthHouse 
COT",01 

final Step 

lo'.roop' 

2003 March 

Eleol odM """'ary 
PMS%lrrf'I<montod 2003 March 
W.t.rOIhfbJ~ 
COTcloi 

B""'Bal""". 
W, torDiocoonodioo 
CDSewor, 9'l 
COCo,," n, 
RRI ndM """tary 
RRlndMoo":ary , 

, 

Factor Structure Coeillcjen l:; 

Eloeln.J~t.,.,. 

PMS % I 'nple"'~ntod 
W.'..-OIhHouso 
ClITet>! 
B,,,,B, "''''''' 

27.5963 

VOOJ 
32.9813 
_3.2508 

_22.7515 

11.3969 
_27. 5007 
_25.~7D1 

23.6162 

0.0248 
C,04~ 

_0.0256 

APP~NOJX XVIJ 

3.8132 
_2, 12~a 
-D,7230 
_1.n~2 

_D.07~5 

_1.0568 

-<l.8755 
_5.7337 

0.3254 
-<l.145a 
0.1300 
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AI'I'£NDIX XVII 

.. 
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~ 
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/lIu.,tration XVll I: JI/lnicipalities agaimtfirst two dimensions 
in gorernment opinion GDA model con/aininK one variable 
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Rluslrotion XVlI.2.- Jlunicipalilie,< aKa!nst first two dimensions 
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mustration XVlf.J: .\lWlidpalilie~' agaillstjirotl><O dimension, 
in gOl'ernmenl opinion GDA model containing three I'Oriable., 
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APrE""'x XV] I 
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IIIustratiun XV!! ... : lfunicipalities againstfir.,{ two dimensions 
in gm"ernmenl opinion GDA model comainingfour mriables 
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Appendix XVIII 

Government Opinion: 
Classification Trees 
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llIustralion Xf711.2: J/unicipalmfues of BankBo/ance 1002 June 
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The objortive, of local gavernment as set QUt in Chapter 7 of the Constitution if the Republic of 

SouthAfrico (19%) are as follows: 

a. to provide democmtic 1IIld occQUntable government for local communities; 

b. to ensure the prov;siou of service, to communities in a sustainable mOlmer; 

c. to promote so<:ial1lIld economic developmenl: 

d. to promote a safe and healthy environment; and 

e. to encourage the involvement of communities and community orgElnisations in the ",ott",; 0f 

local government. 

These objectives allow local government to nol only act in the role of service delivery to 

communiti"" but also playa key role in terms of oconomic development (Burger 21JO.t). It is noted 

that these "municipal functions are regarded as critical in improving the quality of life of individual 

and communities" (Ovens 2005, p.5) within the Western Cape and the country os a whole. In order to 

be able to carry out these resport,ibilities laid out by the con'titution. the Local Go .. ~mm.m 

Municipal Systems Act (2000) sets out a frtmlework containing ·'planning, performance management 

systems. effective use of resource, and QrgElnisational change in a business context"· (Burger 21JO.t, p. 

350). Along with this the Act created a s)'Sum in which municipalities can report on their 

performance and allows residents to compare tins perfurmance with others (Burger 2004). 

In terms ofthe types of municipalities that can be fQUnd within the local government structure, there 

are three categorie, of municipalities as laid out by the Municipal Structure. Act (1998). Catei:OtY A 

municipalities may only be formed in metropolitan areas and are therefore referred to as 

metropolitan municipalities. TIlere are six metrClpOlitan municipalities in South Africa. of which 

Cape TO"'D is the only one located in the Western Cape. 

Both category B and C municipalities form non-metropolitan area,. referred to as local and district 

municipalities re'pectively (Municipal Structure. Act I <)98). Of these district councils are "primarily 

re'pon'ible for capacity building and district-wide planning"' (Burger 200t, p.349). Each local 

municipality forms a subdivision of a district municipality, sharing the alllhority ",itb the district 

municipality into wInch they falL 

Finall~. there exist Dhtrict Management Areas. wbicb are are"" of a district ml1llicipality that do not 

qualify for a local municipality. therefore requirin~ local government services to be provided directly 

by the district municipality itself (Municipal Structures Act 199&). 
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Chapter 5 
Data Collection 

The data set w", cr."ted fwm ,ht" nl"d. a\'aibblc lhrnugb lhe Department of Local Gonrnm.m and 

Housing (DLGII) in the \\''''I"rn Cal". It js contained in qu""crly Projeci Vi~hilit} Quo,{jonLlairc, (PVQ) 

and is remict.J to Ill. p .. iod of Jooe 2002 through 10 )UllO :OOS. n"". rc?,m, dating ~(kr rftccm~r 2001 

",erC available ,I"clronically: howev," til' r.nlajning r~pott' requirM d>1l" capturing from printed '.V,rt" 

n", fLnal ;;ot of dal~ ,,~, the most recent availabl."1 the time of constructing thi' p.nticula, "olk,tin" of data 

and the Juno :002 r~p<.lI1 was the carli",{ ,eport avuiiab le from (l~ deparlm"nt. Prior to thi' tho 

municipalitie< in tho Wo".rn Capo numlxo,.d 1.16 and the q~'li<>nn"jrc was J.veiop,d to coincide with Ihe 

am"igamation of th'''' into 5 Di,tr;';! \lunicipalitie" :4 local mL.Olicipalilies and the City of Cape Town, 

totalling 30 municipaliti", Any dam coll~ct~d t>efore thi, amalgamalion carn(~ Ix: u",d d", to the <isnifjcam 

chang~s in restructuring II", <y'tem, nw'e were further change, mad. to the 'lucsti<>nnair. ill [kcembtr 

2()():l; hn",ever tl"'re bting much in common ""tween the two it wa> JlO",iNe to extmpnl"1.e ,*',.,,'ation< 

throllghout th. r",riod to cre.le a complcte data 0;<1_ 

n" initi"1 dat" s.t cho'~n from tlle<e r~port' incluckd all .10 municipal;t;'_' and 63 variables acros, all 13 

quarr,,,s, resulting in 24 570 ovs.,-"ation" Th.T. W.Tolwo main type, or,ariabit' appa~m in the data: those 

that were ta/.:en from the financial stat~ments of a municipality "nd ar~ mainly mea,ured in Rands 

(hen<;crnrth rderr~d 10 asfinulleiullJpe "ari~ble'J and those tlmt dir~ctly "pr~,ent the ,.,,' i"~ &liwry nfa 

municipal ity ",ea'ured mail1ly in terms of CQunl, or I"""lllages (l",,<:efonh rderr,d to as ur\'ice de/i\'a, 

/)T" \'"riabk'J_ 

5.1 Missing Data 

Tl"re was a substantial "mOllnt of dat" mi><illg li'(>l1\ dlt original data "'t_ Il,;s i, due to various 

"ason" illcluding ,ome ,.ction, nut alw"y, being compul"''>TY to complcte; a learning period as 

municipalitie, adapted to lhe new _'ys!tm; and .sometimes dam simply not ~ing available, Variou, 

t~chn;que' were utili""d tn Crea(, a complete data set. k<eping in mind the large amount of dat" and 




