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Abstract
This research repottritically adopts and extendm approachof identifying and mappingociat
ecological systemES)to analyzehouseholdivelihood domainsemerging fromecosystem service
(ES)usein KwaZulu-Natal(KZN), South AfricaESuseis proxied bythe degree to which households
directly utilize ES provisioningservices(direct ES)as observed frormational census anganel
surveydatabetween 1993 and 201The analysis fullyelieson the expressiveness of a characteristic
bundle of five direct ESnamely crop production, animal productiamse of natural building
materials, use direshwater from a natural sougcandthe collectionor main usagef firewood for
energy purposed his bundlewasargued taepresent an integrated expression of the conneation
households to their direct Idcanvironment and thusf the overall SES characterized by low,

medium or high degrees of direct ES (idamann et al., 2015a)

It is shown here that identifying SEBat co-exist within a spatially delimitedgeographyshould
require(i) adimension of timend(ii) an exploration ofhe differences between households that live
in a giventype of SESThe results support the hypotheses tinstt, direct ES use varies substantially
over time which makes a dynamic view on direct ES utilization appropriatesandnd,that
aggregadd SESface the risk of omitting important dynamics of social differentiaibhousehold
level that areooted in the political economy of land access andakgccumulationfor examplen
the agricultural sectdan KZN. Moreover the possibilities to usihe characteristic bundisanovel
indicatorto various ends, includinguman welbeingand social deprivatigrecological footprints
andhumannaturerelationshipsare discussed at lengthhe relevance of thigpproachs underlined
firstly by recent community resistance agairlatge biofuel projects in théeconomically
underuti | i z e d areds inrSouth rAfridshatare shawvn tibe overlagping with areas
identified with high degrees of direct ES use atiuis with strong tiego the direct natural
environment Seconda dynamic picture of direct ES use intensitiegy provide a glimpse of the
waningagricultural transition in KZN, i.e. a transition from a ruagiricultural to urbasindustrialized
societies in which entirely new sustainabilityanagemenproblems arise. Third and on a more
theoretical notehis studyillustratestheneed forcombinng SEStheory with considerations of class

power and history inherent in asystem majorly driven by human agency

Future research avenuare identified along the lines of connectisplableempiricalresearch on
SESwith critical social scienceapproacksthat enableto provide insights, for exampkboutthe

ongoing question dand reformin South Africa

Key words: Socialecological systemslivelihoods, social differentiatignecosystem services,

agriculture landreform, South Africa



1 Introd uction and research design

Ecosystem servicgdkS) i.e. provisioning servicefike food and waterregulatingservicessuch as
flood or diseaseontrol supporting E$hat include the nutrient cyclnd soil formation andultural

ES e.g.spiritual engagement or recreatioare essential foruman welbeing and co-constitute
livelihood domains (Millennium Ecosystem Assessment, 20@&haHainesYoung and Potschin,
2010; Hamann et al., 2016; Neves, 201Their importance tambeen underlined by leading
researchers arguirfgr an integrationof explicit goalsrelated to the integrity of ecosystem services
into the SDG2030agendaas a part of thé t wi n  p, respeating fplanetary boundariand
reduceng povertyin the Anthropocenehe new epochin which the human has become the major
driver of geological chang&ockstréom, 2009; Griggs et al., 2013; Steffen et al., 2015; Future Earth,
2018) This is crucial sincéhesupplyof ESis being increasinglgut under pressure dueit@reased
claimsto ES by growing populations antheir economiesvhich resulted in the transgression of
severalglobal and locaenvironmentathresholdgSchellnhuber, 2009; Nelson et al., 2013; Cole et
al., 2014; Future Earth, 201&rossscale dynamics stemmifiggm localenvironmentatiegradation

and globalpatterns ofenvironmentalchange most notablyclimate change, increasingly affect
livelihoods andmost severelyhosein countries of the global Southat are most vulnerabke
environmental changé his sparkeda new wave of mukiand transdisciplinary researaiming at
better understanding the complex interactions betvemmans and their natural environmenid
addressing these challeng¢Ellis, 1998; Carpenter et al., 2009; Cole et al., 2014; Hamann et al.,
2015a)

To date,most conceptsappliedon livelihoodsin South Africa,remain lockedn a perspective of
humannature dichotomwand analyse livelihood domains ag@osystem services would not matter.
Also the lack of purposeollected data and the difficulty to combine biophysical and secomomic
datasetareresponsibldor substantial lacunae in this field of resegi@braiappah, 1998; Cavendish,
2000; Hamann et al., 2015&@onsequentlymost ivelihood analyses in SuBaharan Africdocus

on diverse forms of income, including formal work income, state cash transfers, remittances and
informal economic activitieg¢e.g. Scoones et al. 2012; Neves 2Q1NMatural resource harvesting,
coterminous wi direct ES, i.e. the collection of timber, water, natural building materials, wild foods
or medical plants in rural areas received far less attenfiew. existing ase studieshow the
significant extent to which mainly (but not exclusively) rural hootd$in South Africadepend on

a vast basket of such direct ESavendish, 2000; Shackleton and Shackle2oil; Paumgarten et
al., 2018) Only theapproactby Hamann et a2015, 2016)attempsto systematizéhe use patterns

of selected direct ES at the South African national saatke preempted thesupposition that high



direct ES use areas may stand in conflict with changes in land use, such as promulgated by the South
African Biofuels Strategyn concernedarts of South AfricgDepartment of Minerals and Energy,
2007) They devisedan approachto identify and mapthree different types of SEBased on
householdevel direct ESuseand combine themwith indicators of human welbeing from survey
data(ibid.). These studies draw ghe emergent and transdisciplinary fielde$earch oSESwhere
feedback mechanisms and interdependencies between $ramértheenvironmentare explored
(Millennium Ecosystem Assessment, 2005a; Carpenter et al., 2009; Levin et al., 2&t3ann et
al. (201%) in particular draw on tharchetypatypology of SES ofcumming et al. (2014and the
correspondinghallenges for sustainability management. They defimeopposite types of SES

the context othe agricultural transitionnamelyruralagricultural“greenl o ospstems that,sathe
agricultural transition unfolds, trangdwards urbafindustrialized” r -6 d o p 7 .Dgspite thens
emphasis othis typology,the studies of Hamann et al. (2@L8ismissdirect ES use dynamics, in
other words, thevolution ofdirect ESutilisationover time.Also, and this is argued to be a general
feature of the literature on SE®sults are naotonnecédto processes of social differentiatjar in
other words the determinants aociceconomicdifferencesbetween householdso-inhabitating
thesesystemsTheabsence of thiormerin thesestudiesapplyingan SESapproacho South Africa

is puzzling in particularsince scholars in the fieleimphasizehe significantchangesSES undergo
over timeand the need to understand th@ralke et al., 2004)The latter is particularlproblematic
since anyggregatednalysisfor example abcalor districtmunicipalitylike Hamam et al.(2015a)
omits important differences between househaldbkin a given geographical unithis study seeks
to fill in this gap and proposes a new perspective in a region where contextual changes continuously
alter the means and possibilities of constituting livelihood domains.

Thus, the central research quessiask(i) how household use ieisities othecharacteristic bundle

of direct ES adopted from Hamann et al. (28Jvolved between 1993 and 2011 &idhow these
use intensities can be connected to processes of social differenbatisaen household3he
hypotheses connected teesequestions are stated as followirkgrstly, the staticdentificationand
mappingof SESis insufficient given thegresumably dynamic and differentiated nature of direct ES
useovertime; Secondly, the analysis 8ESat aggregated levelike the local or district municipality
risks to omit important differences between households withitypaeof SES rooted in the political

economy of accumulation and land accessablefor examplen the agricultural sector.



This bundleof directES s definedaccording to basic human needs and data availability in South
Africa andconsists of fivadirect ES freshwater for drinking from a natural source (river or spring),
the collection offuelwood as a main source of energyatural building materials (residence in a
traditional hut), croproductionand animal production (subsistence or sraallle agriculture)As
opposed toother ecosystem services, such provisioning seriee® been shown to be best
guantifiable and retable to livelihood analyses (Cavendish, 2000; Shackleton et al., 2008;
ShackletorandShackleton, 2011; Hamann et al. 281Baumgarten et al. 2018).

The report proceeds as follows: sectimo provides the necessary conceptual foundatiegarding
livelihoods ecosystem services and social differentiat{@ml.}-2.13) as well asconceptual
foundations regardin§ESand their operationalization in South Afrig&2). Sectionthreecomprises
the methodological part. Starting by a summary of procedures éptgserdtion ofthe data sets
andthe fudy areacovered(3.2.1-3.2.3, it explicates in detail thditeemain proceduresramely the
cluster analysisvith 2011 census da{&.3.1) andthe evolution of direct ES use over time as well as
the householdevel analysis of social differentiatiamth panel dat€3.32). Moreover, all variables
used are explained (3.3.3ection foupresentshe empirical resultgt.1-4.3). Sectioriive discusses
livelihoods as emergent properties of SES in general {rdyides outlooks for potential uses of the
characteristic bundle of direct ES as indicattar various ends (5.2and proposes some palic

suggestion$b.3). Sectionsix concludes.

2 Literature Review and Theory

2.1 Livelihoods , ecosystem services and social differentiation z conceptual
notions in general and studies from South Africa

2.1.1 Livelihoods
Thenotion of livelihoodshas beerearly on defined as the capabilities of people and their means of

living, including food, income and assd€tShambers and Conway, 199Further a sustainable
livelihood denoteghe abilityto “cope with and recovdrom stresesand shocksnd maintairor
enhancq ...] capabilities and assets both now and
res our EFIDp18 eatlapted from Chambers and Conway, 18&pre the turn of the
millennium, it entered into idciplines such as environmental and development studies, human
geography and economid$éowadays iis usedin the multidisciplinary field otlevelopment resedrc

and practicevith a focus orpoverty alleviation irrural or perturbanareasn countriesof the global

South and as an umbrella term inhe sustainable development discourse and international

development coperation(United Nations, 1992; Millennium Ecosystem Assessment, 2005a; Future
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Earth, 2018) Analysing livelihoodsat the household levdde further understoodas practicing
economics at its roatsThe Greek termpikonomiafrom which the common linguistic use of
economics derives, consists of the wonlkos( usual |y trans!| at mecenas *
(“management ” oCorrespondiagly,éten saaagememnm 6f the household thus best
translates int@ikonomiaandthereforeto householdevel livelihood analyses

O’ L a u (00K, ip.n385f.discernstwo distinctive approaches to the livelihood frameworke
understanding othe livelihood notion within thefirst approab may bepositioned as ageneral
critique of the linear model of development.e. the transitiorfrom ruralagricultural peasantry
societies to urbamdustrializedworkerones Rather tharspeaking of the worket or “the peasaifit
it better mirrors theomplexsociceconomicealiiesof householdin societieswvhich aretransiting
from agriculturalto industrialones(e.g.Bernstein et al., 1992; Francis, 2000, 2002jus, speaking
of livelihoods does nadccentuatéhe expansion of thgpecialization of laboyrbutresonatesnore
with challengef livelihood diversificatio (Ellis, 1998) This is mrticularly relevant ircountries
with high formal unemployment rates, lil@outhAfrica, wherelabour migratioris widespreadnd
official rates ofunemploymentreach30-40% in 2011, based on either thearrow or expanded
definition of unemploymeniStas SA 2012a, p. 49)0verall this first approactioremostlyserves
as adescriptive categorizatiothat goesbeyondthe dualistic terminolog of the linear model of

developmen

The secondapproachcan be understood as aperationaliation and formalizationof the idea of
livelihoods into a frameworkof poverty reduction strategiesThet er m “ |l i vel, hood
O’Laughlin argues,allows individuals (or households) to diversify thdivelihood portfolio,

minimize risk and maximise utilitin a context of scarcely available resourdgs.rational agents

with all sorts ofdifferent capital, including natural, sociduman, financialand physical, the poor

can optimise theimeans ofiving and lift themselves out of povetyn d er t he *“ regght ”
access to (micrycredit marketg¢Burjorjee et al., 2002Building on the premise of methodological
individualism, itis thereforecompatitbe and widely adopted byainstream economicSince the late
1970iesin Africa, when* devel opment economi cs si mygthg cea
establishmen{ ...]and] preeminencewas now given to the macroec
(Mkandawire, 2014, p. 178yoncepts supporting the idemarket and individualbasedsolutions

came in handinstead of speakingf redistributive reforms which the state has a major role to play

to fight poverty(World Bank 1981, 1998) ivelihoodsarea® us ef ul concept si nce
the many ways 1 n whi c(HebipckangpShackleton, 2011, p. Bpovéverd | i v

is importantto conceive tis“ u s e f u lirf therbiggeripictare, in which poverty exists not only

5



becauseeme people Iin society “tanckosbmembéi nf” sob
structures (@Qya, @009 p.8 esses”

Indeed, theuseo f t h e t eas an ahatytic@ categoty’to understand livelihoods has been
widely criticized and alternative frameworks exi@tlurray, 2002; Arce, 2003; Scoones, 2009;
Hebinck and Shackleton, 2D1Neves, 2017)0ne of the criticisms is th#e focus on capital omits
nonrcommoditized dimensions of livelihoodsthat include networks based on kinship or
neighbourhooqHebinck and Shackleton, 2011, p, But alsogoodsand servicegrovidedby local
ecosystera that are relevant to this worlkhe term“resourcs ’is thereforesuggested to be the
analytically moreadequate categosince it t a k e s i nat anly Bicpltysical mualities but
also social relatiosi ibi@l.). An integratecand synthesizednderstandingf livelihoodsas properties

of SEShowever, isurrentlyabsent fronboth the livelihood and SEBerature anda confluence yet

to realize.

In South Africa,livelihood analyses havegiusely beercarried out focusing on ral areas and
particularly onf or mer homel and Thesebaraserved asdabdur)resavesedaring

the early industrialization of South Africa under apartheid, wlasna result of lawful eviction,
millions of bl ack So uthesaygichllyunertleasaydArmex ¥). Irf sdite mp e d
of rural development policies of the pagiartheid state, more than two decades after the political
transition to democracy, these areas remain theimpswerished and deprived ones in South Africa,

with KZN containingthe ex-bantustan areakwaZulu andTranskei(Bank and Minkley, 2005;

Sender, 2012; Rogerson and Nel, 2016)

Stemming from qualitative case studies &@uwlith African survey datdNeves (2017, p. 234)
defines four constitutive livelihood domaipeevalent irrural areasnamely brmalemploymenand
remittancesstate transfersnformal economic activiésandagricultureas well asother landbased
activities The first one imolves thescarcéy availableformal labour opportunities in rural areasd
remittancesi.e. intrahousehold transfexs households with an urban polengbefore agriculture,
the social service sector most notably contributes to formal employment irare@alThe second
livelihood domaincomprisesstate cash transfersonstituting the main source of income f@.&%
of all rural householdm 2012(Altman et al., 2009)These” s o ¢ i a | freqgentyy oritizéssédor
excluding workingage merfrom the welfare neandnot resolvingstructural problems of poverty
(e.g. van der Berg, 1997are directed towardshildren,old and disablegheople and thutowards
beneficiary groups overrepresented in rural arddee third livelihood constitutent, informal

economic activity by definition facesthe difficulty of meaningful measuremenbDespite this



estimatesfoundit to berelatively smallwhen compared to otheountries in the global Southt
least when speaking about higalue informal economic activifipevey et al., 2006; Neves, 2017)

Both subsistence and surplugiaultureis partly comprised by the informal sector, however, Neves
(2017 p.32) assignsa fourth livelihood constituent categoty agriculture and other ladshsed
activitiessi nce “they are sufficientl y .Bothsagricutucak i v e
activity, definedby Stats SA2011, p.29 a s[t]he growing of crops, the g of livestock, and the
utilisation of f or esdtthe gngagement ih otlehldrabed activitisse.u r c e s
natural resource harvestimy nonrragricultural direct ESike wild foods medical plantspatural

building materials, firewooar freshwaterare livelihood constituentgermane to théocus of the
presenstudyandaretherefore presented in more detkifst of all, this last livelihood domain stands

in the context of the widely proclaimed procedsde-agrarianisationin South Africa i . e. “t
occupational, soci al and economi ¢ nbivielangelgt o u
argued to be the case due to fewer and fewer formal jobs in the agricultura{Aldo¢oret al., 2007)

Secondl, Neves states severahallengesrelated toits analysis, namelyi) the occurrence of
variegated forms and scales of agricultural produaionl t oo oft en subswumed
scal e” a thusineceskitatingclassdifferentigion (Cousing 2010) (i) the unequal
distribution of agricultural productiopossibilitiesdue to variabldocal agreecologes (Aliber and

Hart, 2009) and(iii) the difficultiesof quantifying non-agricultural direct E$Cavendish, 2000; van
Averbeke and Khosa, 2007; Hebinck and Shackleton, 28Mdreover,data paucityand the lack of
“dedi cat ed (Neveg 20L7¢omtribeita to the relative absence of comprehensive studies

on thislivelihood domainwhich further motivates the present investigation

Past studiesuggesta numberof stylizedfacts on thedourth livelihood domain defined by Neves
(2017) As far asagricultureis concerned, it nowadays continues to stand psviledge typically
requiringaccess to land amépital inputwvhich arebothnot available to the most deprivpdpulation
groups (Cousins, 2010; Newe 2017) This priviledge has been reinforced through decades of
apartheidstate subventions to whittommercial, largescale agriculturgvhich persistalsoafter the
transition to democracy especially supported under the Mbeki governmentZ099palbeitnow
with a clear focus on market efficiency and-rdeialisation of agriculturgCousins, 2017)
Subsistence farming however, remains crucial for food secpatsicularlyin the former homelands
whererecentdata suggest the Higst shares of agricultural engagement outside of paiqjabsels
et al., 2013; Rogan, 2018cross South Africathe proportions of householasgaging in any kind
of agriculture seem to have halved between 2008 and 2010 fréetd338% (ibid.), but which

according to Neves (2017,32) is likely to be a measurement errimdeed,arecentcomprehensive

7



assessment siophysicalland coverchange suggestisatin the periobetweer2005and2011, both
the absolute (+370.000ha) and relative (+175%) proportions ikcrease quicklyfor subsistence
agriculture than for any other type of land usd&ZN (Driver et al., 2015)This findingis largely
supportedat least in some parts of KZNy the subsequeidentificationof households engaging in
increasedcrop and animal productioat the household levehat formspart of the characteristic
bundle of direct E@nalysedn this study.

2.1.2 Ecosystem services
Ecosystenserviceg ES) essentially constitute lifsupport systems arabntribute, both directly and

indirectly, to livelihoods andthereforehuman weHbeing (Millennium Ecosystem Assessment,
2005a; Haine¥'oung and Potschin, 2010; Hamann et al., 2016; Neves, 20&&}seminal work
publishedby the World Resource Institutg the beginning of the millenniucategorizes ES into
four broad categorieshat are each linked with multiple constituents of human -lthg
(Millennium Ecosystem Assessment, 20@%dt distinguishedvetweensupporting ESthat include

for examplenutrient cycle andsoil formation regulating ES referring tcamong others;limate,
flood anddisease regulatigmprovisioning ESnvolving the supply offood, freshwateor wood for
energy and lastly, cultural ES, meaning thatabution of ecosystems to human aesthetic, spiritual,
educational or recreationalaims to natureAnnex I, ibid.). Altogether, ES are linked withuman
needs of seurity, material necessityhealth, social relations and their integrity is argued to be a
precondition fothe opportunity of possessing freedom of choice and a¢hbihennium Ecosystem
Assessment, 2005a, p. vi)hisfirst comprehensive assessmeggards ESrom an anthropocentric
point of viewin which ES are analyseth terms of their benefiib human societas well as human
feedback onthe functioning of these E@arpenter et al., 2009Both, the benefitfrom andthe
feedbackto the four categoriesf ES araundergoing a process of ndinearor abrupichangdibid.).

As population grows and economic development unfaldgns onprovisioningES havemore than
tripled and thus growing at amprecedented and often unsustainable(Faey et al., 2010; FAO,
2017) Regulatory ESareglobally on the declinglue toa variety of interconnected factors including
climateand land usehange(Carpenter et al., 2009; Ding et al., 20168a level rise andoastal
erosion(IPCC, 2013)and biodiversity losgOliver et al., 2015)Biogeochemial flowsin terrestrial
and aquatic bodigsindamentallycontribute to supporting BE8hich haveover the past decadbsen
critically perturbatedby the heavy butglobally very unevenly distributed load of phosphoamnsl
nitrogenoriginating from fertilize use (Rockstrém et al., 2015) astly, recentevidence showed
declining trends otultural ES to offer a space for human recreation, at least for some selected
Western countriegPergams and Zaradic, 2008jowever,with rising numbers ohaturebased

tourism, cultural ES rose to be a highly valuable sourceattbnal incomeshat at the same time
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poses a threat to the integrity of the underlying ecosys(@vosld Bank, 2018)Given the most
recent estimatesf population growtho 98 billion by 2050(UN Department of Economic and Social
Affairs, 2017)and economic growthcontinuing to be thesingle most pursuedconomic policy
objective(Victor, 2008) these trends are likely to continueless internationalooperatiorproves

to succeed in addressing these ever more pressing challenges

South Africa is ecologically megadiversmeaning it has &igh variety ofecosystemshat are
possible to be grouped intiee following six categories, nameigrrestrial river, wetland, estring
coastal and offshore ecosystemeshproviding serviceso and absorbingeedbacks fronthe society.
Comprehensivecosystem services assessments have been undeitadeep004 and the most recent
National Biodiversity Assessmeassigna threat hierarchy to these groupsesbsystemsMost
threatened ar@etland(65%)and coastal58%)ecosysterathat serve as a protectiagainst floods
and stormsandas water purificatiobodies many of which are locateid KZN along the Indian
Coasal Belt in thesoutheast of the coumt(Driver etal., 2012) These two are followed byver
ecosystems (57%) vital for freshwater provisiestuarineecosystems (43%) that serve as sources
for fishing and nursing groundsffshore ecosystems (41%j¥ploited for fishing, transport arall

and gas exaction and lastly, terrestrial ecosystems (40%) of wkeghservices include (but are not
limited to) pollination, grazing and arable land @wdtourismThe threat status e veal s “t he
to which ecosystems are still intact or alternatively, lositej aspects of their structure, function or

composition, on which their abilityibidop3provid

Few ivelihood studiesrom Southern Africa focusn nonragricultural(and nortouristic)ecosystem
servicesfor examplethe collection of wild foodsmedical plants, timber and firewood or building
materials Cavendish (2000shows with purposeollected data that the poorest households in
Zimbabwe constitute up to 40% of their incomes frowige range of direct ES and Shackletord
Shackleton (201Ipeviewed the relatively few empirical studies on South Africa available to them.
They assert that whilst wild natural resources (excluding agriculture) may often not be the primary
livelihood damain, its contribution constitues up to emeaarter of total livelihood streams, be it as a

tool for income generationorsalfse, and are thus ®“keenly appre
natural safety netlfid., p. 211ff.).Unlike Hamann et al. (2@h), thesestudies have however focused

on comparatively small populations.

2.1.3 Social differentiation
Qualitative differences between households individualscan bedemonstratean the basis o&

variety of factors.In occidental sociology, most classr milieu based analysesf social

differentiation have their precursors in MarxWeber and more recent\Bourdieu. Marxian
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perspectiveon class formatioriocus onthe social relations of production, i.e. differences in
societybased on thpossessionf the means of production, enabling oneitberextractand another
to dispose oburplus labou(Wright, 2005) At the latest since publishing thelBrumaire of Louis
Napoleon, Marx embeds his analysis of class formadlsain the wider context of a historically
constructed political econon{ivlarx, 1852) Weberianinspired studiesend toaccountmorefor a
multidimensionalityof class formation, includinthe Marxian juxtaposition of class, but altatus
powerandlife chancegBreen, 2005; Ritzer, 2011)astly, Bourdielistheory of the social spaedso
assumes the division of society into clag$iéfering interms of their endowment witharioustypes

of capital,namelysocial, economicgsymbolic anctulturalcapital(Bourdieu, 1986)Theconstruction
of identities on the latter, cultural capital, has often been perceived as the centrepiece of Bourdieu’s
contribution something that according tdelber (2017, p.147has critical importance for the
multiethnicpanAfrican context. In a nutshell, Bourdieu’s multidimentional perspeectisecaptures
next to the structuraémbeddedness of a given social spaojectivistand relationamomens in
which it matters whether one simply lives in a shackwhetherone lives in a shack and is looked
down upon(Noret, 2017, p. 657)This in mind,as an observeit emerges thathe positiorality in
society can balentified either by the resources one has access to, or by those onedatksThis
last point has recentlyeendeveloped into @ourdieuinspired perspective of class differentiation
based on the soctatetabolism, i.e. the material and enetiygyughput responsible for an individual
ecological footprintonstituted o€arbon emissions, land andn-renewableesource use, generation
of waste etc (FischerKowalski, 1997; Otto, 2019)Owing to the possibility that the Bourdieu
inspired perspective of social differentiation has thus already dmdtated with systems thinking
and societyenvironment metabolisms, preferensagivento it overthat ofcritical agrarian studies
which, although limited in someeveral aspects as well, would represent another good theoretical

approach.

In South Africa,detailed typologies of households are frequently the result of applyingpameap

of social differentiation in combination with a livelihood framew@8coones et al., 2012; Neves,

2017) For exampleNeves (2017) characterizes four classesuddl households. Firstly, there are
“Mov-ODng” households that correspond to the 1o
evidence of reinvestment and accumulatidrcapital Second, h eU pf’i nhdosu s“elhroa
with middling labour market ¢is, some livelihood diversification and expanded social reproduction.
Third, ther-&narleo d Hamglicdhg t hat tend to be mor
market linkagespnly receive somesocial grants and do not manaige broadly diversify thie

i ncomes, i ncluding agricul tur eDowno'ur lt dvu saenhdo | Ic

represent the poorest and most vulnerable segmtnms itypology They seldomly receive significant
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state cash transfers nor are they capable of engaging foran of agricultureThe latter is congruent
with many other studies that provide evidence thatapacityto engage iragriculturalactivities is

a privilege in South Africa (Cousins, 2017; Neves, 2017)oreover, there exist substantial
differences between agricultural households, depending on the contributioe pfoduce to the
social reproduction capacity of the househdf@susins, 2010)According to Neve$2017) female
and older households, often wsituated and witlcurrent or past labour market linkages arere

likely to beengaging in agriculturalctivity.

For this study, the only conceivable moments of the complex picture of social differentiation in a
multi-ethnic and historically turbulent geogrey like KZN is the observed utilization or non
utilization of the bundle of direct ES and its association Wwihsehold characteristic¥hus, the
purposeof this part of thestudy is rather modest aiitlistrative (see 3.3.2.2)This is due to the fact
thatthe dataused rathepermit to draw general conclusions thanset up specific typologies of
households such as the small case studies of Neves (2017) or Scoones et al. (ZbAi2)gdo.the
relative lack ® subjective inétators m ahousehold gositionin its respective social space, it must
entirely rely on objective measuréke income, property or land ownership and labour market

linkages.

2.2 Social-Ecological Systems
Speaking ofSES ratherthananalyzingsocialand ecological unitseparatelyreflects the needf

addressing the complex challengbat sustainability imposesn humanity in the Zicentury. It

breaches with the occidentaloncepti on of a ({socalhaont d mipmma ' "h u n
(naturalecobgical) world by emphasizing thetricate interdependenciebetween humaty and
nornthuman naturas well ady overcominglisciplinary boundaries assigned to analyze either of the

two dimensions.
An SEScan be defined with the following propertig@edman et al., 2004, p. 163)

1 a coherent system of biophysical and social factors thatlandyg interact in a resilient,

sustained manner;

1 asystem that is defined at several spatial, temporal, and organizational scales, which may be

hierarchically linked;

1 a set of critical resources (natural, socioeconomic, and cultural) whose flow ansl use
regulated by a combination of ecological and social systems;

1 a perpetually dynamic, complex system with continuous adaptation
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The last point has led leading researcherspeak of complex, adaptive SES to emphasizenon
linear and crossscaledynamicsthat feedback mechanisms between social and ecological systems
exhibitin a context of surprise and uncertaifaber et al., 1992; Levin et al., 2013; Berkes et al.,
2008) Nortlineardynamicsrefer to processes of incremental chatigg may occur in response to
thebehavior of singleomponergof the systenat global(e.g. exponential risaf global temperatures
due to anthropogenigreenhouse ga§&sHG) emissionsA melting of icesheetsA reduction of the
world’scapacity to reflect solar radiatioalbedgd A incremental heating aflobal temperature®r
atlocal scales (e.ghe overuseof alocal forestdue to loggingd the loss of habitajsoil erosion
protectionandbiodiversityA degradation of the entire underlying SES at greater spéemhsscale
dynamicsin SES occuin time and space, i.e. the feedback mechanisms beteainange in the
property ofone system componentay alterthe state of the system with a tifag and atdifferent
scales. Examples include theconcentration of ldorofluorocarbons(CFCs) or GHGs in the
atmosphere or the overuse of fertilizers in intensive agricultural productiowithaffect future
generations much more than present ones atloehihost vulnerable peoplegountriesof the global
South more severely than moderate climateegandwealthy population segmen®strom, 2007,
Berkes et al., 200&chellnhuber, 2009; Otto et al., 2018)

Of relevance to the present study is the pointentifying different types ofSESthroughdistinct
characteristicef the linkage of biophysicak(g.the supply of direct ES at a local level) asatial
factors(e.g. the political economy of land acceggt differ sufficiently enougin spaceto assign

clear spatial boundaries.

One archetypal typology was put forward Gymming et al. (2014)They propose two antithetic
types of SES, within which human civilizations evolved at first over millennia and centuries, but
since the rise of capitalism, also over decaded (1). Note that thesewvo types of SES are highly
stylized and do only in abstract terms conform to reality.

1. Green loop system 2. Red loop system
Characterization 9 rurakagricultural 9 urbanindustrialized

local economies strongl 9 little or no direct dependenc

relying local ES, hardly ol on the surrounding ecosyster

any external economy 1 economy is built on remot
i direct feedback mech&sms extraction of ES from distar

between environment: ecosystems through trade
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degradation and hume 9 indirect feedback mechanisn
well-being environmental degradation at

human welbeing

Major T “Green trap”’ T “Red trap”, [
sustainability circle between growing growing ecdogical footprints
challenges poverty and loca (i.e. waste products) resultir
environmental degradation from overconsumption an

{1 Overuse or undersupply ¢ production
local ES 1 Problems of scale in overe

throughput of material/energ
overuse of ecosystems
sources and sinks

1 Surplus appropriation an

attendant social inequality

Tab. 1 — Characteristics of green and redps and relatedsustainability challenges. Based on Cumming et al. (2014)
and Hamann et al. (2015).

The first type, rurab gr i cul t ud @alopdr sYygtees I s character.i
strongly rely on directly availablES, most notably provisioning ES, and hardly on any external
economy. Thus, there are direct feedback mechanisms between environmental degradation and
human weHbeing (ibid., Hamann et al., 2015 ontrary to this, the second type, urtiadustrialized

or Toeg” systems are marked by Ilittle or no ¢
The economys built on remote extraction of ES from distant ecosystems, i.e. ecosystem goods and
services that involve transportation, commercialization and a large degree of the division of labour
(ibid.). Here, society is largely disconnected from the naturalenvime nt and peopl e
aware of ecological degr a@uamingemal., a0i4 p. Bl@ostsary c o n ¢
to green loop systems, the material and energy supplied to the redrmopfaravay ecosystems

tends to be extremely high. Thus, very distinct sustainability challenges for each system type apply
(Hamann et al., 2015). On the one hand, the challengein-preeap systems i s t o
trap’”, a Vvicious avartyand lecal breitovmerdahdegradationi On ghe qther

hand,red oop systems are haunted by the red trap’
resulting from overconsumption, overgeneration of waste products and concomitant excesssve claim

to ecosystems as sinkbi(l., p.218f.).

13



The transition from the first to the second type of SES involves a variety of historically specific and
transformative factors and represents a gradual regime(Bbike et al., 2004; Cumming et al.,
2014) To name only a few, this includes new technologies, population growth, the upscaling of
economic and political systems and their integration into the world ecqradihay which results in

an enlargement of metabolic flows, concerning both inputs and outputs to the economic process.

To specificallytailor policies for sustainability management in eitbethese types of SE#icluding
athirds y st e m ttansip ie pHarann et al. (20Hp devisal a novelapproach tadentify and
maptheseSESby analyzing the distribution of use intensities of a characteristic bundle of difect ES
from crosssectional 2011 census dattathe national scale South Africa.Their major findings are
thatpredictinga type of SEShigh-useof direct ES:greenloop, mediumuse transition loop, low
use redloop) at local municipality levetiependsnoreon social facta than the supply of Ef a
given locality Social predictorsnotablyinclude income,gender of the househeltead, property
ownershipand population density, in this ordeifl., p223).ES supply variablemeasuredt the
municipal level, like the supply of wood the mean annual runotif waterand the grazing and
cultivation potential based afimate and soil propertiewere foundsomewhatess importantBased

on a municipality-level cluster analysis ofaverage household use insgies of their defined
characteristic bundle of direct Etheyfound152 municipalities belonging to low direct use systems,
50in the medium direct use system and 32 in the high direct use system, representind.Z8.25%

and 7.3% of the total number of householdSauth Africa respectivelyipid., p221).

In connection with th here presented conceptir@mework, tlis work replicates and extend this
approachfor the province oKZN, oneof the regions in SohtAfrica (next to the Eastern Cape)
where the highest proportion of higise category municipalities were fourkbr whatis overtly
misgng in this approach is perspectivef direct ESusedynamics anaf political economythe
former beinghypothesized aan inherently changing feature 8ESdynamics and the lattas a
factorconcretely determininthe access ttand, and thushe possibility to engage in the livelihood

domain of agricultural and nesgricultural direct ES.

I The exact bundle used by Hamann et al. (2015) consists ekdoe same provisioning services, apart from that wood
has been analysed separately, wood for cooking and wood for heating. For further details see subsection 3.2.4.
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3 Data andmethods

3.1 Summary of procedures

This report is arempirical household survey researfitly relying on secondary datdt applies
several methodperformed oncrosssectionalas well aspaneldatafrom South Africa including
cluster analysisspatialmappingand panel regressiocovering aperiod of 18 years witldata
collectionin 1993, 1998, 2004 and 2011.

In short the initial cluster analysigprocedure Ijs performedo identify thethree different types of
SEScorresponding to lowmedium andhigh use intensities of the characteristic bundle of direct ES
as observed from 2Q@1census datem KZN. Throughout the thesis, these three types of SES will be
interchangeably denoted by low, medium or high use categories-ptregtsition and greeloops,
respectively.The resultsfrom the cluster analysiare visualized in star plot¢4.1) and mapped
spatially, using the official municipal border demarcatides downloaded from th&outh African
Demarcation Board (2016a, 2016b)

Subsequently hie evolution of direct ES use intensitieghe province of KZNsince 1993theyear
before the political transition to democracy,constructed retrospectivelprocedure II, 3.3.2.1)
Clusteringis performed again athe initial set ofhousehold$rom thepanel datsetto subdivide the
newdatain the samethree use categories difect ES Based on thighe evolution of averagevels

of direct ES use ithis 1993cluster solution is observed until the last data wave in 2004 and compared
to the 2011cluster solution. Hencehe observers ableto graspand interprethe direct ES use
dynamicsof this characteristic bundle of direct BSer a period that withessed profound social,

economic and political change.

Lastly, a householdevel panel regressiois deployed to associatkrect ES use intengds as the
dependent variablgith factors underpinning the socieconomic status ofampledhouseholds
(procedure 1l, 3.3.2.2)This analysis is designed in a way to open roontdfecussing the choice of
the bundle ofdirect ESconsisting ofagricultural and nomgricultural ESas wdl as for discussing
variegated dynamics of social differentiation associated evitter of the three types of SESI
methods are explicated in further detail insediion3.3.

3.2 Datasetsand study area

Two datasets have been chostr this study On the one hand, tHest evercomprehensivand
representativeouseholganel studyn South Africa, namely the K w a ZNatialincome Dynamics
Study (wkichOvgs) cbllected in three data waves between 1993 and, 200ering the

province ofKZN in the SoutkEast of the countryOn the other hand, most recently availatdasus
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data from 201hich has a natiewide coveragandwasthereforesubset to KZN onlySome issues
regarding comparability between the two surveys arose and include fieeerdif sampling
procedures, the definitions of key variables and slightly varying questions regarding the use of direct
ES, all of which will be addressed in subsequent sectinrimth data sets, responses to household
level variables were made by sdéclared household heads or core persons in KIDS, if the initial
household head from 1993 could not be tracked down anyiflee@rovinceof KZN was chosen as

a study aredecauseét was found to be one of the two provinces (together with the Easterni@ape)
which Hamann et al. (20&pfoundthe highest concentration of direct ES use in 2@tthe same
time,according to their analysis, itasgeography in which all three types of SES&t Moreover,

it is the only province for which data reaching back as far as 1993 exists.

3.2.1 Census data 2011

National censuss areghe sourcefor basic information on population and housing statistitpost
apartheid South Africa, the 2011 census is thel thi itstype collecting information through faee
to-face interviews wittmearlyevery person present in South AfricatweenOctober §' and 3% It

is usuallycarried out by Statistics South Africa (Stats @Agry ten yearsPublicly available isa
10% sample with correspondimgeights The units of analysis in th@=nsus are both, the household
and the individualFor this studyall analysesverecarried ouathousehold level, whictvas defined

a sa gfoup of persons who live together and protienselves jointly with food or other essentials
for living, or a single person who lives alone. Note that a household is not necessarily the same as a
family” (Stats SA, 2011a, p. 55Yhe census is geographically expliat local and district
municipality as well as provincial levelsvhere the local municipalityepresents the smallest
geographical unipublicly available Unlike theKIDS panel data, census daarosssectional, that
is, a snapshaif the country in one point of tim@nerelevantparticularity of the 2011 census is the
separatly available sample of agricultural households,households that engagedsiome fornof
agricultual activity (Stats SA, 2011b)Once joined into one dataframdietweighted share of
agriaultural households in KZN in 200Mas28.24%

For the crossectional analysisn 4.1 and the provision of descriptive statistiasdataframe
consistingof 260.229 single household observatiassows and 17 variables as columns (including

the corresponding weightsvasconstructedAnnex VI).

3.2.2 KIDS data 19932004

In 1998 and 2004 he team behind KIDSe-interviewedhouseholdsn KZN originally visited in

1993through thenatiorwide“Project for Statistics on Living Standards and DevelophddtS L S

KIDS is the first comprehensivieanel survewble to track changing soegconomic parameters L
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until before the political transition to democracy in 199dwever, it islimited to the province o
KZN. The original 1993 households were randormitypsen based on a tvetage seliveighting
designwhich should maké& unnecessary to use weighits their representativenegéldermann et
al., 2000, p. 11f)The definition of households for the KIDS enumeration was somdadser than
in the census. Any person wlip lives underthe samé r o Bbfddys or moreut of the past yea
or who (ii) shares food from a common source when they are ther@ijasitare in or contribute t

a common resource pool were conceived as household mef8B&BRU, 1993, p. v)

The main difference between panel and csEsgional data is that panel data have an internal
structure represented by an index, in this case, household ID an@ieher and Zeileis, 2008, p.

84). On the me hand panel data are more complicated to handle. On the lodmef they permit to
meaningfully track change over time. The latter motivates the utilization of the panel data, although
for the analysis in 3.3.2.1, KIDS data are used as-@@s#0ns athe local and district municipality

level for the respective years. Consequently, only the integratibomefandspacefixed effects in

the householdevel panelregression makes usage of the panel nature of this dataset. Several issues
that need clari€ation arose when dealing with the KIg@nel, including (i)population group
specificity, (ii) split-households; iif) attrition of householdsand (v) differing administrative
boundaries when compared to 2011.

In regard to (i), it needs to be pointedtt thatunlike the PSLSD, KIDS only followed African and

Indian household&/hich add up to 97% of all households in KZN at that tireaderingthe other

two population groupsWhites andColoured) too little represented in the sample and baghly
concentrated i n some ar e a(@niversitg of kweaZumNatal, 20@)a ni n g
For ahigher variance in the original sample, white and coloured households are kept in the 1993

wave.

Concerning (ii) split households wer&lentified only in the 2004 wayeanaking it necessary to
introduce newunique household identifighhid) numbers This was implemented bgddingtwo
digitsZT {00,02,03,04,0%6,11,20,24,25,26,4405} to thesix orsevenrdigit hhid of 1993 If Zequals
zero,the hhidrepresentsa household with at least one core member from 1988 other codes
represent severgypes of split households i ncl uding first splits, se
households and childresf core members that had to be taken care of by foster parenss amj
thatfulfilled the criteria tobe a new core perso@ore persos aredefined asmajor decision makers
within the household and have beaescked down for the second and third wave of data collection.
They either represent the sdkclared household head from the original sample in 1993 or are closely
related to him or hefsee exact definition in Annex II)Split-householdsparticularly the new
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generation householadfectively freshen upny sample reducday the dropping out of households
throughout the data collection

This process is called household attrition (iii) amdausedor exampleby deathor theinability to
locatethe householdPer wave, itwas found to b lower than 20% andheéreforewithin a typical
range of household attrition in longitudinal survey of this magni(dtteermann et al., 2000, p. 12)

Lastly, (iv) turned out to be quite problematic sitioe procedure 3.3requires exaahformation of
wherea householchadbeen living,particularlyto compare the withheluster evolution of direct ES
use intensities (see section 3.3.1). Pheblem was thathe geographical disaggregationkKdiDS
was provided by magisterial district codesijch areboundaries that do not exist anymaral cannot
be compared with theurrentlocal and district municipalitglassification However,KIDS provided
the real names of thenumeration clusters, i.e. those areas that have randomly been selected for
interviews in each magisterial distriittyas possible ttocatenearly all observationsf theseclusters
in presentlocal and districtmunicipalities through in-depth researchDespite that meaningful
mapping of the average direct ES use intensatigaunicipalitylevel with KIDS data turned out to
be impossible,iacedata collection has only been performe@@out of 48 local municipalitieand
10 out of 11 district municipalities

To sum upa panel dataset of 4067 observatiassowsacross three data collection waves (1993,
1998 and 2004and 44 variables as columns was constructed from raw data, merged, cleaned and

transformed t@erform the subsequent analy§aanex VI).

3.2.3 Description of the study area

KZN is one out of nine provinces in South Africa, located in the Sha#t of the couny bordering
Mozambique and Eswatini in the North and Lesotho in the Vgt 18). Stats SA20123) provide

data on population dynamic#ccording to this sourgethe populationgrew from 8.572.302
individuals in 1996 to 10.267.300 in 2011 (2.539.429 households that represent 17.6% of all
households in South Africa). EhmakesKZN the second most populous province after Gauteng in
20112 In current administrative term&ZN is subdivided into one metropolitan municipality
(eThekwini) and 10 district municipalities that are further subdivided into 44 local municipalities,
eThekwni being counted as both local and district municipalitig( 1b). According to the 2011
census, the population was majorly composedfricans (86.8%), Indians/Asians (7.4%), Whites

2This figure excludes the estimated 717.116 agricultural households as observedfsepattate agricultural census.
For all subsequent analyses, the total figure of 3.183.486 households is used as the universe. Note that when after
merging agricultural and neagricultural household datasets, it was found that 6.335 households werbdisted
agricultural and nosagricultural household. To avoid double entries, it was decided to delete the 6.38&ricattural
households and preserve the information of the 6.335 agricultural ones.

18



(4.2%) and Coloureds (1.4%). In most of the province, the main laagsafulu,alongside with

Xhosa, English and Afrikaans.




Figure 1 - (a) Location of KZN in South Africa. District municipality borders are shown. (b) District municipalities in
KZN. Local municipality borders are shown. See Annex IV for a full list of local municipality names by diBtrict.
packagesp. Data:Official shapefiles from th&outh African Demarcation Boaf@016a, 2016b)

Pietermaritzburg is the political capital of KZN located in the district uMgungundlovu. Durban is the
biggest city, an important ecamic hub and South Africa’s major port, handling over 30 million tons
of cargo every yegDriver et al., 2015)Important economic activities in the interior of the country
are coal mining and steel production and along the coastalsbgtyy cane production and fruit

production as well as tourism.

3.2.4 Defining a characteristic bundle of direct ES

The definition of the characteristic bundle of direct ES by Hamann et al.g2&d&pts its design to

the quality of existing, nepurpose collected survey data regarding local natural resourdedesed,

only the most basic needs satisfied through the local ecosystem (energy, food, water andahelter)
betaken into consideratio The exact composition of the adopted characteristic bundle for this study
is presented iffab. 1. On the one hand, this bundle of ecosystem services does not allow to do justice
to the complexity of humaanvironment interactions on the basis of loalnal resource extraction

like smaller case studies achieve, €gvendish (2000\ho demonstrates the vast variety of direct
ES on which many rural livelihoods depei@h the other hand, it manages to adopt to the reality of
sociceconomic household survey data in most countui@s is easilyscalablesince this data is
available inmany countries around the worl@n the household level, high use intensities of this
bundle are likely to indicate, depending on the local suppldirect ES, a wider use spectrum of
naural resources utilizeoh reality. For this reasorthis bundle can serve as a proxy for the overall
connectedness of households to their direct natural envirorfiemiann et al., 20154d)se intensity

is denoted at its maximum (=5) if all direct ES are utilized and vice versa (=0).

Dummy variable Observation

(1 =Yes, 0=No)

Animal The household farmed onemore types of animals or poultry in the past ye:

production

Crop production  The household harvested one or more types of crops in the past year.

Natural building The household resides in a traditional dwelling (h8tats SA (2012 p. 19)

materials define a traditional dwel | i ng as
or other locally available natural materials. This is a general term that inc

hut s, rondavel s, et c. Such dwel | i
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Freshwater The household mainly sources its freshwater for household use from el
spring, stream or river.

Wood Wood as the main source of energy ANE2i&ge number of tripsf at least one
household memberollecting wood per week 1 f o. For ¢ehslsSthi
variable is proxied only wittvood mentioned as the main source of energy

either cooking or heating

Table 2 - Composition of the characteristic bundle of direct BSull description of the variables and the related
guestions from the KIDS and census questionnaires is available in Annex

Theinclusion of thefirst two components of the bundlerop productionand animal productigns
distinctive from most other studie®ncerned with resource use tmabst oftenf ocus on “ w
naturalresources. From a perspectiveSESthough, it is crucial to assume all activities involving

the direct use of local ecosysteniermal and informalfor selfuse or income generation as
subsumable within the scope of there defined characteristic bundle of direct ES. Given the
importance of agriculture for the reproduction capacity of households in South Africa, this step is
important. However, andhis anticipate®ne result of theegression analysis 4.2.2 land ownership
predicts higher direct ES use intensities, which in this aesdikely to consist ofrop and animal
productionthatdo notnecessarilyndicate household vulnerability when standing dissociated from
the use of the other components of the characteristic buigiteeultural households can well be
wealthy pensionersr active labor force members with borehatesunicipal tab water supplyat

live relatively disconnected from local BS modern brick house@damann et al., 2015a, p. 224)
Indeed, atNeves(2017, p. 36argues, the most vulneratdad precariousural householdgarry out

only vanishingly little or no agriculturdBeing able to produce crops or animalssppposes the

capacityto accessrable or grazintand, which is by no means a given in South Africa

Regarding thé¢hird component of the characteristic bundle of direct ES, the residence in a traditional
dwelling servesas a proxy for the use of natural building materiasl1 census data tells us that it

is a particularly relevant variable for KZM/hile national trends saw the share of households living

in suchdwellings hale since 1996 to 7.9% in 20 $tats SA, 2012 p. 57) the share of households

in KZN was still 28.9% in 2011, and even as high as 60% in the high use yategagmarked as
“gr-eenipBigd.2).

In terms of freshwatausage from natural sources, KZN also stands out in national compandon
in 2011, 14.1% of all households did not have access to piped(Btdts SA, 2012 p. 59) These
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households thus rely on the supply of freshwdbeactly extracted from riverspringsor wells and
are therefore seriously at risk of water pollutiom South Africa, the water pollution is amplified
through the pervasivepreadof dams that significantly alter the capacity of running freshwater

ecosystems to provide potable wadéfWF, 2016, p. 20)

Due to differing questions asked in the questionnaitiee fuelwoodvariable had to be coded
somewhatdistinctively for census and KIDS daté/hile a dummy of one for census means that
fuelwood was indicated to be used as a main source of energgatorg or cookingIn addition to
being the main source of energy, KiiDS datait signifies that at least one household member
collected fuelwood at least once in the past webkike census dat&KIDS data thereforallow
coding wood as directly extracted from the local ecosystem whéeheasesultscalculated fronthe

censusmay also comprise households that purcklaseod. Since the 1990iespélwood use has

receivedthe greatest attention by acaderamna has been showntbavec aused a “fuel wc

in which this resource was severeleruséd in many parts of South Afric@embridge and Tarlton,
1990; Dovie et al., 2004; Hebinck&Shackleton, 2011Fuelwood throughput was estimated to be
as high as 4343kg/year peserhousehold ir2004 andwas clearly shown to be among the most
important livelihood activities of marginalized househdl@svie et al., 2004)Overusing forestry
resources does not only directly affect the satisfaction of household energy needsalbat is
associatedvith declines in regulating and supportingpoggstem services and therefore at risk of

triggeringpotentially irreversiblend norlineardomino effect§Brinkmann et al., 2012)

3.3 Methodological approach

3.3.1 Procedure |7 Cluster analysisand spatial mappingof direct ES usein KwaZulu -Natal
A cluster analysiss a multivariate stétical method ands used tesubdividedata set$nto groups
that share common characterist{@ock et al., 2008; Janssen et al., 20E)r this studyit is
deployedto charactlize geographicalunits (local and districtmunicipalitiesin KZN) into low,
medium and high usgategoriesrom 2011censugdata For examplein localmunicipalities grouped
as lowuse, only about four percent of &lbuseholdsndicated in 20110 have a natural springy

river as their main source of freshwater fausehold usé-ig. 2).

The repartitionof municipalitiesto either of the three categoriesperformed with the kmeans
function from thestatspackage that relies on the Hartig&fong algorithm(Wong and Hartigan,
1979) It is carriedout on twolevels, namelylocal and district municipality scaldhe kmeans

algorithm minimizes the withisumof squaregyiven by
(1) Y™ | EB w0
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where® "Y"¥ the within sum of squares total intracluster varianced is one out of G plgfo
clusters w represents the individual data observatiba single municipality and themean value

of all municipalities clustered ii2 The methodicks randomstarting valuegor each of the groups
(n=25) andallocatesndividual observationgaverage household use intensit@sa given sca)eo
one of thehreegroupscorresponding to the lowedtSSas defined byumerical iteratiorin=10.000).

By minimizing the WSSfor each random starting point, the algjom converges againshree
centroids that contaithe least dissimilanbservationsThismethodrelies on the Euclidean distance
as a measure ¢flis-)similarity betweenndividual observationsvith variablescoded between zero
and ongpercentage ofiouseholds that indicated direct ES aséhe local or district municipality
level). In accordance to and for comparison with Hamann et al. 0t number of groupsas

set to thregorior to implementatin. The choiceof kmeans with three group cerdeas an adequate
clustering methodvas verified usinghe clValid-packagein which only “hierarchical clusteridg
scored similarly welto kmeansn regard tdnternal and stabilityneasure$ Within-group means are
reported at the two scalesstarplots, in which the petal length indicates the percentage of households
utilizing the specific direct ES at a given scéfgy. 2). The range of standard errors of the mean is
reported in the notes below the figuMoreover, individual direct E® subjeted to a correlation

analysis to identify pairs or groups of direct tB8tare likely to be used together.

The results havbeen mappedsing the most recently available shapefiles for municipal border
demarcationin KZN (Fig. 3). All spatial data has been downloaded from Swuth African
Demarcation Board (2®a, 2016h)combined with a vector containing tbhkister solution for the
direct ESuse categorization and plotted in R using the packaggsools rgdal andsp.

3.3.2 Procedure 117 Adding the components of intertemporal change and social
differentiation at household leveto the analysis of direct ES use
3.3.2.1 Comparison of 201tensus data with the panel sample from KI@S3i 2004
Thissectiondescribes the proceduredomplement thapproacladopted fronHamann et al. (20
explained in section.3.1 To analyze direct ES use dynamiassomponent of time addedo the
static distribution of SE$ 2011that isshown inFig. 2 andFig. 3. How did direct usedynamics
evolve sincébeforethe transition to democracy®w didthe percentage of households livindow
use (red loop) categories and high use (green loop) categwriedetweer(transition loop)volve

since 1993 and which conclusioten be drawn from this evolution?

SMeasures used are “ Comruedttievi.t yA" ,| “cDwrsrt”e ra mee t“hDidlsh c he
from the RCode provided in the Annex. For two, four, five or six numbers of groups, other methods did score better
than kmeans.
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To answer these questioriee representate sample of initially 1519 households selected in the
1993 PSLSDstudyhas beemnalyzedNot only doegshis datacontain all the information to construct

the characteristic bundle of direcSEbut alsosufficient additional information to construct the
subsequent halepth analysis of social differentiatiddf interesto this section, is not thganel nature

of the studyor the household itselAt this point of the investigatiotheevolution of theaggregated

use intensitiesf the five direct ESwithin an identified type of SES, i.e. a direct ES use category
KIDS data disaggregate its observations to enumeration ag&A), which are“ t he s mal |
geographi cianlt ounwhti c[h...]t he count r($tats] SA,02011dEASAT r i C
typically consist between 100 and 250 hdwsds (bid.). In total, KIDS visited 73 EAs where it
randomlyselectedts household4.Thus, it was possible to identifie three types of use categories

at a much smaller and more meaningful scale, namely the EA lsaatsl omhichthe samé&means

cluster algorithm deployed Bi3.1was carried oufThe preference for thsmaller scale is supported

by statistical evidencewhich showsthat thevariation of use categories determined A level
within-municipaliies(local ordistrict) is sulstantial.To observe withirfEA change of direct ES use,
representativéor the entire area dfZN, it was decided to take tH€©93 cluster solution as a point

of reference and calculate the averpgecentages for each direct BShe twofollowing years 1998

and 2004.

3.3.2.2 Predictor variabledor variation of direct ES use between households

This approachdentifies key predictor variablder high use intensities at the household lelsing
the geographgpecificKIDS-panel data, it is possible to contfof bothyear and use categoifixed
effectsfor thehouseholdevel analysis DirectES use intensiisare used as th#ependent variable

The model is designed &ssociatdnigh use intensities of the characteristic bundle of direavi#s
household characteristics including g#ezumulatiorof wealth genderof the household head or core
membergethni differencesjandaccesss well as variables relating to tinanruralnexusin South
Africa. Althoughdirect ES uselepends on both socifactors and the supply of ES at the local level,
this model only uses social factors to expl&8 use. This is in line with thaforementioned
predictions of Hamann et al. (2083hat find ES supplglearly less significant to pdect the average
use intensities of direct E& municipal scalé More significantare income the gender of the
household headshighe population densitynd traditional authority area&or thesereasos

emphasis is put osocial factorsThe longitudinalnature of the data set enables the resaltsld

4 From these 73 EAs, 67 werevisited in 1998 and 2004. kotal, by today, eight of these clusters lie outside of KZN.
5> This biophysical data has been communicated to the author of this thesis, however, for reasons of confidentiality (and
time), they were not included in the model.
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throughout timend therefordit into a picture oflirect ESuse dynamics in an enainted by political

social and environmental change.
The conceptual model is givéy
2 0"Y "QO® YHOY'Y

where the utilization ofdirect ecosystem provisioning servicésS is given as a function of
householccharacteristicéHH), municipality characteristicéUN) and local ESupply(ESS. Due

to the reasons stated abowee maininterest of the model is to empirically validate the association
of a given use intensity of direct ES witH. FromMUN only the population densityasintegrated

as a proxy Other potentially influential variablesmay be the general quality of public sere
provision institutional factors like regulations of land access mediated by traditional authority and
not property ownership etcAlthough available to the authoESSvariables, i.ethe biophysical
gualities ofthe respectivéocal ecosystem&.g. soil quality, water availabilityr wood supplywere

not used in this model due to time constraild® analysis of the statistical significance for co
determining the type of an SES with such variables is available in Hamann et ak) (Btt5
specifically include @ta on the grazing potential, th@ming potential, the local wood supply and
mean annual runoff of wateat municipality level. Hence,ESSand MUN will mostly remain

unobserve@nd are therefore likely t@ducethe goodness of fitf theregression
Theformulation (3)introduces thdéinear formulation of the modeised herelt is given by:
3) OYygr | W0 1 0Y&G - &

where UC is the use categorghigh use, medium use, low usi) which household lives in
municipalityj yeart. Further-  isthe error termContainingall immeasurable facterelevant to

0" i, expanding the error terhelps to understand tloperating space of this modtlis given by
(4) - T T n T &

wherg is a timeinvariant set of withidJC characteristicgésuch aghe widespreadunavailablity

of ESSor the needlessness of using them due to sufficient infrastructural cosachgeome levels

in cities (e.gin eThekwini)T j is a timevaryingset of factors that may influence ttiemand for

or supply of direct EQsuch as ecological or economic shqcsd]  j is a householdpecific,
time-varying error componentSince the data is geographically explicit and has been collected in

three waves, it is possible to effectively eliminate Bi&/and time specific effects across waves (i.e.

25



a temporary drought or economic shockhis isthe reasorwhy thelongitudinalKID S data was
preferred ovethe crosssectionalkcensus data.

Including this thefinal specification of the modek given by
(5) O%Yf | WOf 1T 076G T T R T &

Time-specific effects of the  are dealt with through the inclusion yegarfixed effects location
specificeffectsthrough the inclusion Udixed effects as well as bgonsideing subsets of the data
by UC separatelyDoubtsremain about whether theage within-UC time-varying factos thatare
correlated with the change$ demand foror supply ofdirect ES Such unobserveldeterogeneity
may occur for a variety of reasons, for exanghianges in land accessological shocks at the local
level or increased availability of direct E8bstitutes

Concretely, the model is estitedwith the packagplmas gpanel fixedeffectsordinary least square

(OLS) regressiomodel(Croissant and Millo, 2008 his model was chosen since it allows for the
specification on an indérgr (thbidalaobdatiyenr d})
The differenceto ordinary OLS pooling models is that individual observations are not treated
homogeneouslyilfid., p.4).This is necessary since direct ES use dynamics showed to be dynamic
over time and vary aoss spaceCrosscheckingwith a mixedeffectslinear modefrom thestandard
packagelme4 that combinedixed- and randomeffects showed no significant differences the
estimategBates et al., 2015)

Themodelwasimplementedacross all use categories witlc- and timefixed effects as well as for
eachUC semrately with timefixed effects.t is given by
(6) "YiQ X "O'0Q¢ wé WD & WMPE 61 WU & WP OE Q
"0Q 4 GAMM OWNA 6 QA QOO E
0 & wigaon | BIOE QO POEYD G Q0 6 O¥ OROKMAQ0 0 O 0 Qi
0€nN0d@ORE 0@ XEADNT QO 0 O 18O 0 QPEW wo
The results othe resultingfour regressionsone across all UCs, and three for the respective low,
medium and high UGubsetsare reported ifab. 6.
3.3.3 Variable description, transformation and imputation

The dependent variable in the mixeffiect regressions is constradtfrom the characteristic bundle

of direct ES which was explained in detailBr2.4which thus does not warrant further explication
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Household income, abovacludedas one of thexplanatory variables measured as the yearly
household income in real 20@&buth AfricanRands(ZAR) and rescaled to an income category in
which the lowesbut of tencorresponds ta yearly household income betwegAR] [0;3000] the
second lowest tone betweeZ AR} ]13000;6000] the third lowstZAR] ]6000;12000][ ...&nd the
highest income category #AR] ]768.000 Inf.]. The mearincome category in 199w use areas
is 5.85(0.038) in medium use areas 4.63.042) and in high use areds}7 (0.055f. Household
income was a constructedriable provided by KIDS in all three waye®nsisting othe wide (or
narrow) spectrum of monetaigcome sourceswvailable to household members per morithe
construction of yearly household income relies on the assumption of equally distributedsafni
household members acrdhe yearlncome data has been adjusted for inflation using the online tool
by Crause (2019)

Thehouse ownership variableas constructeds a dummy that takes the value one if the household
indicated property ownershgnd zero ifnot. Theland ownershiglummywas created from thgpe

of access to land either for grazing or for farming purpdséskesthe value one if either of the two
were indicated and zero otherwigawnershipof land or housegplays an important role since it
signalsaccumulationoutside the traditional amgements of land accegdeves, 2017)In KZN
however particularly the former homeland areas remain under traditional autimanitgged through
the Ingonyama Trust that owns 30% of the land (~3.000.000ha)aaodmmodates nearfpur
million people(Driver et al, 2015) Affirmations of ownershif the place of residence of household
were widespread across the three dataes. In 199378% of the households in the sampidicated

to be the owner of the dwellin@1% in 1998 and &% in 2004. Land ownership garcerput also
widely observedHowever, her¢hede jurenature of land tenure in former homeland areas under the
Ingonyama Trust (or other communal arrangements) needs to be taken into account: Hoorsgholds
indicate they own land in spite of facliyanot owning it in a formal sens@eves, 2017)In the
sample the share of households indicating to own either grazing or farming laatauas30% in
1993, 12% in 1998 and 41% in 20Btbusehold and land ownership gasitivelyassociated with a
correlation coefficient of = 025 signallingsomeirreducible multicollinearity between the two
variableqre-scaling of a dummy does not work) but also stilificientvariation between households

to nothaving to comprise them in one variable.

Female headship of the househwials included in the model sinitevas one of the most significant
variables inthe nationaiscale analysis dflamann et al. (20Hp. Also Neves (2017Jinds female
headed householasore likely to engage in agriculture than mirakes the value one if the main

6 Standard errors reportedlimackets.
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respondent (household head or core member) to the survey is f@alehouseholds in the sample,
there wered50 femaleheaded households 1993 and 373 and 638 in 1998 and 2004, respectively.

Labour market linkagewere found to be a distinctive characteristic of the social positionality of a
householgdmost notably for rural areéeves, 2017)It builds on the very loose definitiaf at least

one household member that indicated to havingregdlar employment in exchange fawage,
including selfemployment, in the last weedowever, it does not comprise temporal employneent
the receipt of old ager unemployment grantdhe rates of regular employment in the sample
decreased between 1988m 56.48%to 51.32% in 1998 and 3% in 2004. This might have to

do, despite the inclusion of split and secayeheration householdwjth the underremsentatiorof

young people in the last data wave.

Rural householdswith household members that work in urban areas, or-wecea, are caltk
households with an urban or rural pole, respectifiggves, 2017)In South Africa,due to thesmall

size of labour markets irthe homeland areas, urban poles are an impopartt of livelihood
diversificationand link rural areas to urban economic opportunities and slix#s. Similarly,
rural areas serve as important counterparts of retirenegérgat and recuperatiomid.). An indicator

for urbanrural or rurallinkagethat might indicate that a household is relatively better off through
support fromdistant houseHd members are thus the receipt or the sending of remittanc&393,
30.09% of the households recaivemittances from distant household members, 36.81%ad8%

in 1998 and 2004 respectivelousehold receiving and sending remittaneese found tde fewer
than 4.6% in evergata wave which signals little multicollinearibgetweerthe two variables.

Population density is a variable includedm 2006 census data to better represent the population
estimates at the time of KID&tats SA, 2006)The variable is coded as the population dgrsar
square kilometréabsolutenumber of people per district municipality divided by the area of this same

municipality) and has beeg-scaled by théivision of housandjielding a range af7 [0.0421.394.

Observingdifferences between thgopulation groups in terms of their predicted direct ES use is
consistently possible from KIDS only for African and Indian households since these are the two only
groups KIDS followed until the end of data collectidimus, thee is adummy variable inclued in

the regressiothatturns one if the househoisl African (=1)and zero if it idndian(=0). Descriptive
analysis showshat in 1993, houselds visited from the other tw(underrepresented) population
groups in KZNindicatedvanishingly littleengagyement in direct ES use, namely one out of 112 white

households for croproduction andwo coloured households for water from a natural source.
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Data imputatiorof missing valuesvas a crucial stepeforerunning the panel regressiofhe share

of missingvalues of some key variables was found to be bet@e#¥ (ownership of a house) and
10.8% (population density). The latter is due to, again different municipal boundaries itha006
could not be translated into the current administraixgcture The remaining missingness of values

is normal for socieeconomic survey data and can hageerareasonsData can miss just at random,

i.e. that the absence of a data point has nothing to do with other variables or its hypothetical value.
But it can alsamiss not at random, i.e. because of the nature of the question. This typically occurs in
household surveys with sensitive questions on, for example, income or tax data. Having that in mind,
it is the responsibility of the researcher to choose to eitlogr dir impute NA’s and to justify the
adequacy of the procedur@ue to the strong spatial segregation of population segments in South
Africa and the geographical explicitness of the survey data, it was decideel tioeknnlmputation

function from the RpackageDMwRto replace missing values withose normissing values of the
nearesheighbourof the missing observatioithis is clearly a strong assumption and omits within
cluster differentiation buivas deemed to be the most appropriate imputation mhétihdhe reasons

stated aboveDropping all incomplete observations would have reduced the samp(arsizeihus the
variance)oy about900 households\ote thatthe households that were not engagiagexamplejn

crop or animal productigwere reported as missing valudise to the design of the questionnaires
Hence, forsome dummy variables missing values needed to be coded asnsézad of imputing

them with theknn-algoiithm.

4 Results

4.1 Cluster analysisand spatial mappingof direct ES use dynamicsn KwaZulu -

Natal with most recent 2011 Census data
The cluster analysipfocedure |, section 3.3.1) divided municipalitiet® three categories dfigh,
medium and low direct ES usleatwere argued to be in line witlreen, transition and redloop
types of SESdescribed byCumming et al. (2014)n low-use local municipalities for instance, an
average of only about 4.8% of the households indicated to source water from either a river or natural
spring, compared to 41.6% in high use local municipal(f&s. 2). The biggest difference between
low and high use categories however seems to be resulting from wood use for cooking or heating,
namely 160% vs 735%, respectively. The range of the aggercentagof households indicating
residence in a traditional dwelling made from locally available materials was betwé&éid 3ow

and 62.4% in high use categories. The consistently low levels of crop (between 12.26#%6)d
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and, to a lesser exte animal production (betweet?2.5% and ®.9%) in all use categories when

compared to KIDS data, are likely to underestimate real agricultural engagement of households

Local Municipalities District Municipalities
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Figure 2 - Typical composition of direct ES use intensities at local (left column) and district municipality level (right
column) by type of SES. Petal length indicates the percentage of households in a given municipality using alirect ES.
packageggplot2 Data: Census 2015tandard errors of the mean within the range 6f g2008; 0.042] for the local
municipality solution ande] [0.005; 0.09] for the district municipality solution.
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Results were mapped at both lodéab( 38 and district municip#ly scale Fig. 3b) to observe effects
of scalein their distribution.These effets arerather small- the aggregation at district municipality
yields averagewithin-district percentagesf the five direct EShat arel 5%, 7.5% and.8%lower
when compared to the local municipality solutidor low, medium and high use systems

respectively.

0 50 100 Kiomelers
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I 42092

Low Use Category Medium Use Category High Use Category

Figure 3 - (a) Distribution of redoop, transition loop and gredoop types of SES at local municipality levelKZN;

(b) Distribution of redoop, transition loop and gredoop types of SES at district municipality lev&:packagesp,
maptools and rgdalData: census 2011 mapped with official shapefif&suth African Demarcation Board, 2016a and
b). Notes: eThekwini is counted both as local and idistnunicipality. For those local municipalities that merged into
new ones in 2016, some conflicting categorizations were found for Alfred Duma (one padrievpart mediuruse),

Dr. Nkosazana Dlamini Zuma (one part mediuane part higkuse) and Ray kbnyeni (one part low one part medium
use). These municipalities have been assigned the respectively higher use category by default.

Very notalte is the location of high use areas in many parts of the former homelabdrfaxstans)

of the apartheikBouth Africa. Located in today’s KZN were the semiependent homelands of
KwaZul u and in part, Transkei, designed by t hi
for Zulu or Xhosa people, respectively, as an act of racial segregatietnomelansl also served as
important labor reserves for the capitalist development of South Afmaa distribution of the

former homeland areas in KZN, referAonex V.

Assigning clear spatial boundaries to an SES is however a matter of contention for ceysfdax
scholargZeleny, 1996; Cilliers, 20QDanssen et al., 201As observed from comparing the scales

of analysis between local and district municipality, it emergeshieatigher the scale, the higher the
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range of standard errors for each component variable of the three identifiedft@ies. Therefore,

the border zones between system types are illustrative rather than exact.

Tab. 2 further provides a detailed overview of the composition of each category in terms of the

absolute numbers of clusters and the absolute and relative nushberseholds.

Local municipality scale District municipality scale
Abs. #of Abs.#of %of Abs.# Abs.#of %of Area % of
clusters HH all HH of HH allHH inkm? total
clusters area
Low use
category 15 1.982.012 62.26 3 1.534.625 48.21 19.260 20.41
nrddo
Medium
use
category 25 770.599 24.21 5 1.138.862 35.77 42.206 44.73
Atran:
|l oop
High use
c?tegory 11 430.875 13.53 3 509.999 16.02 32.893 34.86
Agr ece
|l oop
° 51 3.183.486 1 11 3.183.486 1 94359 1

Table 3 - Exact composition of the 2011 cluster solutidhree $e categories and correspondimgnmber of clusters,
households and percentages of househ@dta: Census 2014nd South African Demarcation Boaf@016b) Notes:
After the elections in 2016, several local municipalities mergedigger ones, includin@mnambithiLadysmith and
Indaka (now Alfred Duma)mbabazane and Umtshetzi (now Inkbangalibalele)Ingwe and KwaZani (now Nkosazana
Dlamini Zuma) Ezinqoleni and Hibiscus Coast (now Ray Nkonyeamiyl Hlabisa and The Big Five False Bay (now Big
Five Hlabisa).Moreover Vulamehloand Ntambanana were annexed by existing municipalifieis in mind the 51
identified clusters correctly correspondhe current44 local (including theone metropolitanmunicipalities Due to the
lack of data on the area cover for the seven former municipalities that dropped out, area datpHas lonly been
provided at district levelLastly, households include both agricultural and -agricultural households6335 norn
agricultural householdat haddoubleentries inbothdataset were removed.
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Unsurprisingly, it emerges that the vasdjority of households live in low use categories orloggh
type of systems (62.26%), vésvis medium use category or transititmop type of systems (24.21%)
and high use category or greleop type of systems (13.53%) whehservedat local municipaty
level. Whenthe share of householdscompared with the share tuftal areait follows thatlow-use
categories have the highest population density-bgghcategories the lowektdeedat district level,
the 16.02% ofall householddiving in high use categoriesmhabit an area that covers 34.86% of the
total land area in KZNContrarily, the 48.21% of households in lase categories occupy an area

as small as 20.41% of the total land area.

In the correlation analysis, individual direct ES use feasd to occuin groups orbundles(Tab.
3). Most correlated in 2011 was the use of wood as a primary source of energy and the use of water

from a natural sourcg = 0.41) as well asvoodand natural building materia{s= 0.49).

ES_water ES_wood  ES_materials ES_crop ES_anim

ES_water 1 0.413 0.337 0.037 0.170
ES_wood 0.413 1 0.480 0.086 0.284
ES_materials 0.337 (0.489 1 0.054 0.206
ES_crop 0.037 0.086 0.054 1 0.204
).17

[y

1

—
e

ES_anim [ 0.284 0.206 0.204

Table 4 - Correlation matrix of the utilization of individual services from the characteristic bundle of diréetirE 3011
census datdt consists ofreshwater use (ES_water), fuelwood use for cooking or heating (ES_watddalbuilding
materials use (ES_materials), crop production (ES_crop) and animal production (ESDaténiCensus 2011.

The cluster analysis yields a very similar picture to what Hamann et al.aj2tate produced from

the same 2011 national census dataeduaklthe overlap of the high (or medium) use areas correspond

to a significant extent to former homeland areas.s&€hareasare argued to béeconomically
under u,tcontainirgmwth of the arable land required for #wegpansionof bioethanol, sugar

cane, sugar beet, biodiesel sunflower, canola and soy l{Bapsrtment of Minerals and Energy,
2007, p. 3) This official industrial strategy aims at achievidlgar targets, including substituting
foreign oil imports, support of renewable energy and the creation of jobs where there are none.
However, a recent consultative case study from KZN’s bordering province, the Eastern Cape, has
shown pervasive communitgsistance against these projgétmigun et al., 2011)The reasons of

the local interviewees varied but revolved around the scarcity of land that is perceived as part of their
identity, air and water pollution and thus health issues, unnecessary ih@astrdevelopment, food
security and upheaval of community cohesidhis resistance might be explained in paythigh
degrees of dependence on directiE8ese areadHamann et al., 2015ajhich maybe relevanby

the same token for concerned areas in KZN.
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4.2 Adding a component of intertemporal changeand an empirical basis for a
householdlevel analysis of social differentiation

4.2.1 Evolution of direct ES use sincel993

This section presents tleolution ofaveragealirect ES usahares of householdsy use categorst
EA levelbetween 1993 and 20@hd comparethis evolution with the 201densus snapshaported

in 4.1 (refer to procedure 11, 3.3.2.1or each direct ES, thaata points 4 valuebetweerzeroand
ong correspond to the average percentage of househoddgivien use categofgr each yea(Fig.

4). Across the three types of SES, very different dynamitis clear patternare observedn the
high use categorfgreen lines)with initial average peentage®f households engaging in direct ES
usebetweem3% (Materials)and 77%(Animal production)all five direct ESsignificantlydeclinel
until 2004 In the medium use categorye{low lines), with initial average percentages of households
engaging in direct ES use betweER®6 (Crop productioh and48% (Wood), a more mixed trend
occurred Whilewood collectiorincreased somewhahdagricultural production (crops and animals)
increasedhotably, housing in dwellings made from locally available materials drojpgether with
water from a natural source significantly. Lastly, in tbe use category (red lines), with initial
average percentages of households engaging in direcis&®etweer®.086 (Watel) and 3.5%
(Animal production, direct ES use slightly increased or stayed Haist notabé in low use areas
the positive change in agricultural production at the household Bvéicrease from 2.3% to 30.8%
(crop productio) and from 3.6% to 14.9% (animal productionie relative shares of households
inhabiting the three use categories are reportda@im 4.

When compared to the 2011 findings from census data that cover the whole population of KZN
(marked as in the line plots)severalobservations arise. Firstly, some relevant questions asked in
thesurveysof KI DS and census differ in nuances whi
crop or animal production. The average share of households engagiomeé form of agriculture
seens to have been substantially higher across all types of use categories between 1993 and 2004
thanthe reported share of agricultural househblgshe censugarticularly for cropsThis might be
explained by the nature df¢ questions: KID®xplicitly included a variety of crops farmed for self

use (subsistence farming)hilst the census asked without specification about animal, poultry or
vegetable production. Thus, census data might underestimate the real number aitisesgjaging

in agriculture.This hypothesigs supported bythe aforementioneghysical landand ecosystem
account(Driver et al., 2015)It showsthat land used for subsistence agriculture wastieeland

class found to be increasitige most rapily in both absolute terms429.670ha) and relative terms
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(+175%)between 2005 and 201fhr quicker than ther changes in land cover, i.e. fmttlements or

intensive agriculture.

A second observation is the sudden drop of houseligidg in traditional dwellings made from

locally available building materials. This trend standsantiest to the high-confidencecensugdata

that reports the average share of households living in such dwellings in high use areas to be as high

as 60%,m medium usareas nearly 40%¢mpareobservations marked atars inFig. 4 or star plots
in Fig. 2). Thus, he samplesstimates are likely to underestimate the real averageentagen the
decades before the census enumeraiibe. comparatively high share whditionaldwellingsalso
gives hints also about treiltural rootednessind acceptancef living in dwellings made up from

locally available natural building materials.
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Figure 4 - Evolution of direct ES utilization of a random sample of households in KZN between 1993 and &@04.
of analysis is the enumeration area (ER)e green lines correspondi@ greedoop type of SES or high use categories,
yellow lines to the tranton-loop type of system of medium use categories and the red lineredtlu®p type of system
of low use categories. The averagjere of households engaging in any of the five direcag&8bserved from 2011
census data is reported with staepresenng the hierarchicalcluster solutionaccording to their position measured
against thg/-axis Data: KIDS 19932004 and 2011 census data.

In general, theelative shares of households by use categtentified in the KIDS1993 cluster

solutionis very similarin the 2011 solutionvhere 48%. 36% and 16% of the households lived in
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low, medium and high usareas From the2004wave of KIDS howeveit is possible to discern a
movement of households from lavge categorie® areas identified in 1993 as medium or high use
(Tab. 4). This might be explained by the fact thatas in the countryside typically stand as poles of
attraction for retirementr to raise childremnd the movement of samglbouseholds towards these

areas must have outweighed migration in the opposite direction.

Enumeration-area (EA) scale

# of enumeration Abs. # of HHs Rel. share of HHs in the

Use
Year areas visited per in the sample by sample by useategory
Category
use category use category an and year
year
Low Use 37 814 0.5358789
Medium Use 22 453 0.2982225
1993 High Use 14 252 0.1658986
@ = 1519 1
Low Use 31 556 0.4748079
Medium Use 22 378 0.322801
1998 High Use 14 237 0.2023911
@ ot 1171 1
Low Use 31 536 0.389252
Medium Use 22 527 0.382716
2004 High Use 14 314 0.228032
@ ot 1377 1

Table 5 - Composition of the representative EAs visited for the data collection of KIDS by identified use category at
the EAscale.Data: KIDS 19922004.

Noteworthy is also the somewhat different correlation of individual direct ES use when compared to
the correlation matrix from census data reportet@iah. 4. From KIDS, most correlated atlee use

of freshwater and the collection of woad=0.47)as well as crop and animal productios 0.55).

36



ES_water ES_wood ES_materials ES_crop ES_anim

ES_water 1 0.471 0.208 0.242 0.288
ES_wood 0.471 1 0.300 0.326 0.400
ES_materials 0.298 (1.309 1 (0.156 0.239
ES_crop 0.242 (0.326 0.156 1 0.549
ES_anim 0.288 (0.400 0.239 0.549 1

Table 6 - Correlation matrix of the utilization of individual services from the characteristic bundle of direct ES
Coefficients reportedrom observations across all yeabata:KIDS 19932004.

The fact that smaller scales should be favored is supported by the comparison oflineeHA
solution to the identification of low, medium and high use categories at local and district municipality
level. The latter have been retrospeetyvconstructed to adequately locate EAs visited by KIDS at a
comparable scale. In 1993, however, the correlation coefficibetween the vectorized kmeans
cluster solution at the EA level and the solution at the local municipality level was foun® a101,

at the district municipality level, at onty= 0.630. Consequently, SES identified at the local or district
municipality level are likely to contain EAs that would be clustered differently. As a corollary,
identifying SES at EAevel is favouredThisinsight calls for higher resolutions in the geographical
aggregation of survey data, for example at waxetl, to consistentlyobtain coherent spatial unas

the basis for the identification of SE#ilst keeping confidentiality of interviewees.

These results show clear support for the hypotheses that direct ES use varies substantially throughout
time and thus make a dynamic approach to model SES based on a-spatifit characteristic

bundle of direct ES adequatdost notabé arethe oppositetrendsof utilization ratesbetween high

useand low use&ategoriesin high use categoriafirect ES usés overall decreasingndin low direct

ES use categorigsends are mostly flat except forcreasingaverage shares of households using
agriculturd direct ES While the former clearly signals some effectiveness of infrastructural
provisions in terms of energy and water suppl§993 high use categories, the latteuld require

more research fanterpretation. It could for instance hintiatreasng relevance of urban agriculture,

a common practice townshipg(Coetzee and Van Averbeke, 2011)

Identifying patterns of an agriculal transitionfrom these dynamics is possible only with some
reservation due to the relatively small time period analyzed in this sGiwyming et al. (2014)
present their model of agricultural transitions on time scalsgwdral hundred, if not thousands of
years between which the transition between a giegm and a redoop type of SES unfolds.
However, due to the dramasocial, political and economicaehanges over the past two decades in

South Africa and theonsigent declineof the average share of households engaging in the use of

37



direct ESn high use categoried KZN, the overall pattern is hergerpreted aawaningagricultural
transition in a geographyithin which modernity and its infrastructural aadonomic byproducts

are substituting direct ES at an observable pace

4.2.2 ldentification of predictor variablesfor variation of direct ES use between households
This section presents the results about testingtttesticalsignificance ofselected socigbredictor
variablesof household use intensities of direct B&oss alluse categaes andfor subsets of
householdghat reside within oneise categoryTab. 6). Use categoriesvere identifiedfrom the
1993cluster solution at EAevel. The coefficients| denote the effect of the household
characteristicO'O j as predictor variablesn the use intensitpf directO ™Y . With population
densty being the only variable not coded from KIDS data, it is the onlycoefficient reportd for

a municipality characteristié negative signmpliesa negative correlation between the explanatory
variableand the dependent varialded vice versaOnly statistically significant variables with- p
values< 0.1 are interpreted.

In column (1)all variablesare found to be statistically significant, excépé dummyfor African
householdseindannual householshcome It shows the coefficients and standard errors of regressors
across all types of SES. In the order of the magnitude of theisttsggnificance and with the sign

of the effect reported in brackets, it is found that the fixed effect for livingedium or high use
categories affects the likelihood of high direct ES use intensities(mp$dllowed by owning land

(+), being conected to the electricity grid)( having the capacity to send remittancgsréceiving
remittances (4)owning a house (+)heing a femakheaded household)( having at least one
household member with a labour market linkageafhd high population ehsity measured by
people/km (-) with p-values < 0.1. Being African or not across all types of SES is not significant,
however, since Indian, White and Coloured households are concentrated nearly entirely in low use
categories the statistical insignifianis likely to be attributable to the lack of variance of the

population group variable in the other two areas.

The estimation in@umn (2)is based otthe subset of households residing in clusters assigribe

low use category. Here, the same effese found, albeit with smaller standard errors and hence more
robushess One important differencds householdncome which predicts a lower direct ES use
intensity, possibly dueo moreformal labour opportunities as well as thelespread availability of
direct ES substitutes, likgridded electricity, supermarkets for food and private or municipal tab

water supplier.
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Dependent variable:

Use Intensity

All UCs Low 1C Medinm UC High 1IC
(1) (2) (3) (4)
Income_Clategory —0.019 —0.025** —0.019 —0.028
(0.012) (0.010) (0.026) (0.032)
Ownership_Honse 0153 0.004 0.135 1168
(0.047) (0.029) (0.139) (0.237)
Ownership_Land (.R27*** 02 R 0.7a0*** 0872
(0.038) (0.038) (0.070) (0.100)
Electricity —(LATT* —L168E** —0.678* —(LGR2*
(0.038) (0.036) (0.071) (0.103)
Female_HH_Headship —. 135 —(1. 125%** —0.122 —0.191*
(0.039) (0.032) (0.080) (0.103)
Labour_Market_Linkage —(.095* —0.003 —(0.099 —0.163
(0.039) (0.029) (0.082) (0.120)
Remittances_Recei pt 0.135%* 0.052* 0.112 0.015
(0.035) (0.031) (0.071) (0.089)
Hemittances Send —0. 175 —().088 —().222% —0.167
(0.045) (0.035) (0.003) (0.126)
African_HH 0.021 0.157** 0.407 0.505
(0.051) (0.030) (0.688) (1.167)
Population_Density —0. 106> —0L07 3 —0.270 —0.269*
(0.032) (0.018) (0.123) (0.151)
factor{Medinm UC) 1.05G***

(0.045)

factor(High UC) 1.637**
(0.054)

Observations 4,067 1,906 1,358 s03
R 05490 0.299 0.184 0.239
Adjusted R? 0.589 0.295 0176 0.227
Note: UC - Use Category. Fp<0.l; *p= (.05 *fp<(.01

Table 7 - Panel fixedeffects regression resuliBirect ES Ug Categories as identified from 1993 Muster solution.
Unit of analysis: household with timand usecategory fixed effects for each year of data colleciigpendent variable
coded from 0 to 5R-Packageplm. Data: KIDS19932004
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Another difference is the statistical insignificance of house ownership, an indicator of accumulation
that in high use areas predicts higher direct ES use. Due to the sufficient variance of African and
Indian households in the low use categories, here#is are shown to be more likely to tise

characteristic bundle of direct ES

The regression reported in column (3) comprises only households living in medium use categories.
Here onlytheconnection to the electricity gr{d), thecapacity to sentemittanceg-) and population
density(-) and the ownership of land (+) are found statistically significambual rousehold income

does not play a determining role @ifect ES useln column (4),the regressions run only on the

subset of householdiwing in high use categoriethat constitute the smallest subset of the sample.
Similar patterns occur than observed in column 3wever,the ownership of a housis now
stronglypredicing higher direct ES use intensities at a statistically sigmifibavel. This might be
attributable to the fact thdénd is generallyetteraccessibldrom the place of residencedue to,
among others, lower population densByt most importantly thisbservationvalidates the finding

that informer homelandreasthat were shown to correspond to a significant degree to high use areas
(Annex V), ownershipis not necessariljo be a symbol ohigh economic statusincetraditional

local authorities (chighindes) and some governmehbusing schemes allow for pregy or land

tenure and property ownership also for the gétamannet al., 2016, p. 4)ndeed,in most of the

high use categoriggoperty ownership is as high as 5@#onghouseholdsHigher standard errors

of the population density predictor suggest that the variation of population densities in medium and

high UGsis bigger than iow use categories

One general observation is that direct ES use intensity is strongly influenced by social &actors,
insight that validates the finding frorlamann et al. (20E). Thestrongpositive influence of factors
relatedto propertyownership warrants further discussermd allude to the question whether high use
intensities are an outconue a determinant of the household’s position in the social sfiacehe

one handaccess to landan be mediated by tribal or government authority schemes that secure land
and property tenure, batitside the reach of traditional authority, they sigeifgpnomic statypower

and implication in theormal economy the avnership of land most notably implication in the
agricultural sectorThe fact that they are associated with higher direct ES use intensities might well
be explainechereby the composition of the characteristic bundle of directthz® includes both
agriaultural and noragricultural ES.From more qualitative case studies of social differentiation
regardinghouseholds in rural areas that engagsime form ofgricultureit seems evident that they

are typicallybetter off than other@Neves, 2017)The mostmpoverished households do not have the

capabilities (in terms of agricultural inputs) or rights (ownership or networks for communatdand)
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carry out agriculture. Thus, if used as an indicator of social deprivation, the present composition of
the bundleof direct ESmight be misleading as long as it includes agriculture, or at least, not

differentiates between the various forms and scales of agriculture.

In medium and high use categories, household income does not play a statistically significant role.
Since the real mean income in both areas is comparable (44.613ZAR in medium use categories Vvs.
39.050ZAR in high use categories), but significantly lower than in low use areas (107.502ZAR),
was argued that in the latferext to labor opportunitiesulstitution mechanismfor direct ES exist

such as municipal or private energy and water supfgrasearly all households in the sampled area

In the other areason-price-based mechanisms might occur, such as theihteasive collection of
wood,the faching of water or the collection of natural building materials for own esehange or

barter. This is suppted by studies on the use of fuelwood as a major livelihood activity in rural areas

in South Africa which found thatash incomeoedargelynotdetermine these of wood as a primary
source of energin rural South Africa(Dovie et al. 2004)

In summary, analysing the socralations from within aiSES athe tousehold level provides some
first important insights into the dynamics of social differentiation. Clearly, this anatyslid benefit
from purposecollected datathat involves a wider spectrum difect ES(fishery resourcesnedical
plants etc.) and thpossibility todistinguish betweethe variegatedorms and scalsof agricultue.
Despite these drawbackihe second hypothesithatsocial differencesdo not exist only between
different types of ES but also within tlem, can be supportedn combination with insights from
smallscalecase studiegjualitative factorsmight explain the use or disuse of direct B8d can
contribute toa better understandingf the dynamics oocial differentiationin SES Such factors
may include anthrgologicinvestigations on the cultural acceptance of using provisioning services
like water and wood from the direct natural environmengreen loopsor classanalytic studies
related to the materinergy metabolisnand connected CG2missions from householdsith

relatively high income red loopsystems.
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5 Discussion

This section discussebe resultssynthesizinglivelihoods as emergent propertiesf SES and
identifies possibilities to use tlobaracteristic bundle @snovel indicator to various ends, including
human welbeing and social deprivation, ecological footprints and hunaduare relationshipdn
addition to thatsome policy issues are raised for future land ars@ sustainability management
policies in South Africa.

5.1 Livelihoods as emergent properties oSociatEcological Systems
Ecosysters and the services they providas been suggestedlie conceiveds livelihood suppaor

systems that contribute to the satisfaction of basic needspo@. shelter, energy and wat&hat
this is still relevanfor significant segments of treocietyin KZN has consistently been showg
identifying those households living in medium and high use abessven inlow use areaslirect
ES continue to play an important role, for examiae urban agricultureAn analysis of social
differentiation focusedon the socieeconomic statu®f householdshas shown some important
predictor variables for direct ES use intensitlastheordical termsit is argued thait is necessary
to merge thditerature from SES and livelihoods wittritical social science approaches that are
contextspecific, historysensitive andognizant of the political econontlyat shapes and is mediated
by humanagency.This suggestionndeed increases the complexityasfalyses oSESbut also the

realism involvedTwo issues arisberethat shall be discussed.

Firstly, the capacity of households sastainably construct their liveliho@hd respond to external
stresses or changeSinceopportunities to construct a living significantly diffey thetype ofan
SES this ideawill be developed for bottypes of SE. In redloop systemsthe ESsuitable for direct
human use¢end to beundersuppliedor example irbuilt-up areasdegradede.g. severly erodedr
desertified land areasor intensive agridiural land (e.g. monocrop plantationd)ivelihood
portfolios hence cannot diversify into these ofdirect ES, and at the same time, are not directly
subject to feedback mechanisms if one or the other sdunilseo renew or recover from overuse.
Other livelihood domaingn the formal or informal sectogain more importance.Feedback
mechansimbgetween households adistant ecosystentbey depend offor the satisfaction of basic
needsbut alsofor the materialresourcebaseof luxury good$ tend to occur indirectly, lagged both
in time (e.g. climate change through risinimaspheric GH&oncentration) and space.d.
degradation of ecosystems that provided services to the production oftigomp®rted to the site of
consumption)Thus,shocks or stresses in rembps on livelihoodsre of indirect naturdike water
shortagesincreased competitiofor formal and informal labour opportunitidsie toa sudden influx

of climate or political refugee® economic huber heat waveLontrary to thatgreenloop systems
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are cadetermined by theupply of direct ESe.qg.fertile soils, water availabilitybiodiversity and
woodlandshuteven more so, by social factors. Tmegyincludethe absence afdequate substitutes
to direct ES the inability to purchase these suhgés and or simply strongercultural ties and
practces regarding the local environmeiithis enhances a more direct connectaomd more
consciousnessowards the environmenglso argued for as the environmentalism of the poor
(MartinezAlier, 2002) Here,direct ES usenousehold$iave availablea nat ur al saf ety
at the same timesubject to immediate feedback mechanisiiscal environmental changsuch as
the overuse and concomitadepletionof Icoal resourcedike in the case of fuelwoo(Dovie et al.,
2004) as well as global stresses like temperature variability and weather ex{ii@sedser et al.,
2002; Vogel and Rejd2006; Kusangaya et al., 2014t this microlevel with ndividuals or
householdssthefocal unit,a more indepth understanding tifie capacityof livelihoodsto persist,
adapt and transform in responseetdernal shocks or stresses and thwalihood resilience, is

requiredto formulate adequate/elihood support mechanisms as policy responses.

The second issue regards the political economy of accemsdt@ontrol ovethe key resources
emerging from direct ES usAccess to and control oveesourcess the foundation of power and
wealth(Zimmermann, 1933)n South Africa in general, thimeans the access to and the control over
land and lanébased resourceSES scholars do recognize the importance of political sysiesms
ultimately shapes the interaction between social and ecolagystem components, bain the
guestion of power they largely remain siléhile one might argue that power does not play a role
for *“diffuse” r e(Badwin €96 Yahdbij 20ljhedanalysscirt 4.2R Slearly
showed the significance of property and land ownergii@ higher direct ES uses. Whilewi | d”
resourcessuch as forestry and fishery goods, water from a natutabtsaand collected building
materials may be&uly diffuse and thereforless appropriableagricultural direct E@reclearlynot.
They require access to or ownersbyer land andlso at viable subsistence scalapital inputsAs

has been argued previously, the apartheide shais supported the whitewned, largescale
commercial model o&gricultural development which led, after decades of state subverntidhs,
current state of affairs in which 67% of the land in SouthicAfrsoperated by some 40.000 farming
units (a number that halved over the past 40 years with the tendency to further concetlirate)
largely consisting of whitewned, largescalecommerciabhgriculture(Walker and Dubb, 2013The
remainingland is classified to 15% s “ bl ac k" (the homeland dread, that afe either
stateowned or under entities such as the Ingonyama itntusZN), 10% other statewned (mostly

conservation areas) and only some 8% udraas ipid.).
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Despitethe ambitious land refornof the African National Congress (AN@rget of redistributing

or restituting 30% of whitewned landafter the transition to democracy in 1994o0day “t he
reform has barely altered the agrarian structure of South Africa, arfchtiamly minor impas on

rur al | i(Qoesing, B0&70 @l $42This is why todaymany are calling for a fresh start of
land reformin South Africa(Aliber and Hart, 2009; Cousins, 2017; Hall and Kepe, 2(Aromthe
findings of thepervasive importance alhe fourth livelihood domain of agriculture and other land
based activities (Neves, 2017articularlyin the former homelands (but clearly not limited to them)

the access to larehdtenure securitgeemsof crucial importanceFor this reason, under 5.3, policy
suggestionghat go beyond the mere support of land ownership as thd t i mat e goal
upgr a@ousirgs,”2017, p. 143Nke tradtional or novelgovernanceschemes of theommons

arediscussed.

5.2 The potential of characteristic bundles of direct ES as an indicator for human
well-being and social vulnerability, ecological footprints and humamature
relationships

5.2.1 Human well-being and social vulnerability

Human wellbeing is essentially dependentawariety of ecosystem services, including provisioning
services like food and water, regulating services like flood and disease control and supporting services
for the nutrients cycléMillennium Ecogstem Assessment, 2005a; TEEB, 2010)another paper
Hamann et al. (2016) devise an approachalign the identification of SE8/pes from the
characteristidoundle of direct ES with indicators of human wled#ing consisting oincome, life
expectancy property ownershipemployment and educatian South Africa Congruent with the
regression findings i4.2.2, they find low direct ES use systems to largely correspoact#s with
highand mediumncomes, high education atav unemploymenfHamann et al., 2016, p..#reas

with low incomes and high prepty ownership were significantly emnstituted by previously
identified areas of high direct ES ug@ne important trait emphasized inishmultidimensional
approach to quantifying and mapping hotspots of humanhbeetly and social deprivatian the
context of transiting SES from greeto redloop dynamicsis the different speed of changef
variablesinvolved (ibid, p.16).They argue that while ecosystem service use might change rapidly
when a region changes from high or medium to low direct ESchs@ges inndicators of human
well-being such as education or life expectancy mighblve substantial timéags. Studying the
evolution of these human wddking indicators and comparing their tremdth the actually observed
trends of direct ES usedm this studymay wellpose an interesting future research avdougetter

tracksocial change in the context ohaningagricultural transition.
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5.2.2 Ecological footprints
As previously alluded to, the sustainability management challenges between thehstypal types

of SES defined by Cumming et al. (20H4ffer fundamentallyThe major difference is the degree to
which thelocal economyof an SES relies on tangible (material inputs, intermediary products etc.) or
intangible(e.g. knowledge, financiabapital from the rest of the worlth greenloop systems, this
degreeof external linkageis comparablylow, in redloop systems comparably higBased on
consumption patterns on the demand side of the produce of this local ecbfestyle-relatedGHG-
emissions of householdsuldbe calculatedhroughof a variety of factors concerning consumption,
most notablyfrom the use of energyWhereasonly 28% of allsampledn theidentified greenloop
systemwere connected to the electricity gimda country wherewo-thirdsof the total primary energy
supply come frontoal or crude oi{Department of Energy, 2018 redloops it wasnearly 90%.
Correspondingly,yst as irthe previous section on welking, the characteristic bundle ofatit ES
use could be linked with indicatonsthin each type of SES that ardated to thecological footprint

of householdstemming fromemissionsbased orfood, energy and transparbnsumption Thus,
ecological footprints could be identified, mapped and correlated in an equal ntartheruse
intensities of direct ESIn combination with asociometabolic andclassanalytic approach as
suggested byOtto, 2019, submittedlecological footprinfrofiles of household could further be
identifiedfromintra-system variatio of thesendicatorsin summarythis approaclecould contribute
toreveallifestyle related emission hotspots at municipdéiyelas well as to identifgociometabolic

profiles and thus higlemissionpopulation segments frohmouseholdevel data.

5.2.3 Human-nature relationships
Humannature relationshipappear in diverse forma human historydependent on cultural belief.

Although bothgreen andredloop systems depend @tosystem services, in Hambp systems ik
connection becomes less obvioasd people behave as if they were largely disconnecssd
independenfrom their natural resource ba@@umming et al., 2014; Hamann et al., 2015&hat
Marx (1962)had termedcommodity fetishismor in other words, the loss of social relations
situations ofcapitalistmarketexchange could be extended to a notion fetishism in which the
commoditynot only masks the human sufferibghind exchangédut alsothe unsustainable uses
distant ecosystemand waste productsthat are generatedalong the suppl chain. Thus, from a
Marxian perspectivehe relative disconnectedness of househfitwts their natural environmeit
redloop systemss a result from the ongoing extensioha capitalist market economin green
loops,high shares of householftsompard-ig. 2) continue to vitally depend on local ecosystems for
the satisfaction of basic needdthough the cash economy extends inéarlyall area of South

Africa, household$iave a much stronger connection to their direct natural environment. This might
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at first sight be attributable to utter need of diversifytingir livelihood for a lack of formal labour
opportunities, but it also has another dimension than the instrumertdiation of nature In fact,
the first reason statedgainst largescale biofuel projects in the former homelarfdsm local
communitiegthat were found to largely correspond to grmops by Hamann et al. (204, was
their identification with théand in questiotAmigun et al., 2011)This suggests that theionnection
with local ecosystems goes beyond material claims.

5.3 Policy outlook and future research avenues

Most urgent in contemporary South Africa is the question of eradicating povertyreailg
widespreaduinemploymentLand reform projest areby manynot seen ashe panacea to theseo
fundamentalproblems but at leastas one tier of combating poverty and unemployment next to
restoringjusticeafter theravageof apartheidTo secure livelihoodacross KZNandSouth Afric,
official land reform projectsurrentlyproposeeitherthe actuaredistributon ofland, the restitution

of formerly evicted households or improvements of tenure seclifitiys been mentioned beforath
thelarge farm pattpursued in South Africavasbuilt largelyon the premises of racial superiority,
disempowerment and forced migrant lab@Bernstein 1998, p.2f)Even after the transition to
democracy, largscale farming was especially supported under the Mbeki governmentZ099%

but now with a clear focus on market efficiency andratgalisation of largescale agriculture
(Cousins 2017, p.137fyVith the creation of the Department of Rural Development and Land Reform
(DRDLR) in 2009 under Zuma, next to disadvantaged laogde commercial and mediusgale
farmers, also landless households and sswalle (subsistee¢ producers are now (jeargeted as
beneficiary groupgDRDLR 2009, p.18)although today commercial viability reigns supre(idall

and Kepe 2017, p.1Based on the insights fromishstudyabout KZN, direct EScontinue to
contributeto livelihooddomainsn green loop areas more th&ds like in the case of wodé#ig. 2).

In these areaglescribed as high use categories or gteeps, land reform projectmay embrace
more diversedrms ofgovernance schemes for common resource poolgithabtsolelyrely on
ownership or commercial viability. Since such large shares of the population are comespmtses

to both environmental and human pressures shmdde beyondsimple answers to complex
governance problems agdanaceas ( “ one sboild onbotlolocal specifiss arall | 7 )
sound sustainability sciencéOstrom, 2007) In combination with indicators about local
environmental threshold$yeofficial recognitionof soci al tenure” systems,
thataccommodate large numbers of peapieler local ovesightandde factoalreadyconfer tenure
security in many parts of South Africa, could lead to more flexilmelusive and sustainable
outcomes of landnd direct ESisein land reform project§Cousins, 2017)
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Future research avenufs the analysis of complex SES are manifdlthe dynamic approach of
identifying SESfrom KIDS data has been argued to provide a basis for the analysiwanfiag
agricultural trasition. Open questions are however, h@the socieeconomic variables of the
households changed over the same period of time and which factors oaasthd the decreasing
trends in the identified high use categories; (ii) how exactly biophysical iesig@g. integrity of
soils, forestry and aquatic resources for examgkged to the E® question evolved in parallel to
the social rates of direct ES utilizatiar (iii) how household behaviour in each type of system differs
in response to externsthocks or stressellethodologically, théormer two questions could build on
the methods deployed here (descriptive statistics, clustering and regrettsdatter could make
use of agenbased modelling in which different behavioural equatiermild be allocated to
heterogenous agertiased on thelassification of the surtmding type of SES and their positionality

in the sociabpace withira giventype of SES.

6 Conclusion

Over the politicallyturbulent period of the years between 1993 and 20tée types of SES have
been identifiecand mapped based on the use o+udis of a characteristic bundle of direct ESe
overall downward trend of direct ES yscept for agriculture itow use areas, wasetas a proxy

for underlyingtransition proceses oSESthatmediate and arehaped by iumanagencyTwo types

of SES have been adopted from the archetypal distinction of Cumming et al., (2&14)ygreen

and redloop type of systemsone in which households exhibit strong ties with the direct natural
environment andhe other, where households are increasingly disconnected from their natural
resource baswith distinct implications foland and resource use planning as well as sudigity

management.

The main achievement of the present work was to elabonaeidence based on household survey

data to support the hypotheses that (i) SES are inherently dynamic and interactions between different
system components change over titierefore necessitating a dimension of time forirthe
identification and spatial exploratipand (ii) thatdifferences do not only exist between the defined
types of SES but also within these systdyatveen householdslifferences largely rooted in the

pdlitical economy of land access aadcumulation.

Thefirst hypothesis was corroborated iogntifying the distribution of a set of three initialusters
representing the three types of SES993(low, medium and high direct ES ydmmsed omwarying

direct ES use intensitipand comparing the subsequent average shares of houssbofdansities
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in these exact clusterfify. 3). The second hypothesigas validated by taking the use intensity of
direct ES as a dependent variable in a pagglessiorand associate it with variables concerning
household characteristics on the one hamdinformationabout the population density of a given
municipalityon the othefTab. 6). It was shown thadcross all types of SE8ostly the location of
households within KZN plays the decisive role prvedictingthe degree of direct ES use, nexthe
access to landprmal labor market linkagesapacity to send remittangesthnicity, population
density andnfrastructural provision of electricitpnefinding from medium and high use categories
is the statistical insignificancef gyearly household income whickalidated previous findings on
fuelwood use that showed the profuddization rates of wood in certain areas in South Africa
independent of thesociceconomic status of the householdespite the widely proclaimed de
agrarianisationthis analysis has shown tHatth agricultural and neagricultural direct ES remain
vital as livelihood constituents and this not only in rural areas, but abm8wee identified types of
SES

Next tothe theoretical interest an analysisaofaningagricultural transitiorevokesregardingthe
behavior ofsocial and ecological variablethe adoptecand extende@pproach of Hamann et.al
(201%) has cleapotential to infornmspatially targetegolicy making. Not onlycantheidentification

and the mapping of the characteristic bundle of direct ES reveal hat$potman welbeing, social
deprivation, ecological footprints aiffering humanrnature relatbnships and thus serve as a basis
for spatially targeted policynterventions, butalso can this approachturn disciplinarybounded
science upside dowand reframe it in a transdisciplinary approach that integriesries and
methods of both natural arscial sciences to resolve the pressing sustainability issues of present

generatios.
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Provisioning SECURE RESOURGE ACCESS
FOOD SECURITY FAOM DISASTERS
FAESH WATER
WOOD AND FIBER
FUEL
Basic material
for good life Freadom
ADEQUATE LIVELIHOODS of choice
Supporting Regulating ﬁ:fﬁ;ﬁm NUTRITIOWS FOOD and action
CLIMATE BEGULATION
MUTRIEMT CYCLING T AERIATE rETTITIET OPPOATLNITY TO BE
SOIL FORMATION ABLE TO ACHIEVE
PRIMARY PRODUCTION IMSEASE. REGULATION WHAT AN IMDIVIDUAL
WATER PURIFICATION
Health VALLES DOING
\ AND BEING
STRENGTH
FEELING WELL
Cultural ACCESS TO CLEAN AIR
AESTHETIC I L TE]
SFRITUAL I
EDUCATIONAL
RECREATIONAL Good social relations
SOCIAL COHESION
MUTUAL AESFECT
ABILITY TO HELF OTHERS
LIFE OM EARTH - BIODIVERSITY
Source: Mikennium Emmﬂmt

ARROW™S COLOR ARROW'S WIDTH
Potential for mediation by Intensity of linkages between ecosystem
socipeconomic factors services and human well-being
Low = Weak
N Madium C— Medum
N Hoh [ Strong

Figure A. 1 - Linkages between ecosystem services and humarbeiely. Source:Millennium Ecosystem Assessment
(20054, p. vi)

Annex Il. Full survey questionsfor the construction of the characteristicbundle of
direct
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the household harvest in the pas
year?(Write down the relevant
name and record the code from
the box

for each crop harvested.)

[01= Maize Grain 12=Millet
02= Maize Fresh
13=Madumbe/Other Tubers
(Specify)

03= Sorghum 14=Peanuts/Nuts
04= Wheat 15=Tomato

05= Potato 16=0Onion

06= Orchard Fruit
17=Sugar/Cane

07= Bananas 18=Other
Vegetables

08= Grapes 19=Pasture Crops
(e.g. lucerne)

09= Dry Beans 20=Commercial

Flowers

Variable Question Chosen response Other possible
variable responses
ES_water (2.2)What is the source of water| Flowing river/spring Protected Piped-internal;
used most often in this househol| spring Piped- yard tap;
for things like Water carrier/tanker;
drinking or bathing and washing Piped- public tap/kiosk (free);
clothesASINGLE MENTION Piped- public tap/kiosk (paid
ONLY) for);
Borehole;
Rainwater tank;
Dam/stagnant water;
Well (nonborehole) Other
(specify)
ES_wood (3cY Average # of trips™ {1:19} # of trips¥ {0}
number of trips per week >=1
ES_materials (2.1) Type of dwelling Traditional dwelling (hyé Shack; House/Part of a house;
Maisonette; Flat; Hostel;
Outbuilding; Combination of
buildings
ES_crops (8.5.1.1 What crops, if any, did | # of crops* {1:22} # of crops* {0};

7 At least one household memb¥ariable does not change if multiple household members carried out multiple trips

per week.
8Stas SAd e f i

ne

a

t r ad iAtdweling mdde gimvazily of clay,gnuda reeds or other locally available
natural materials. This is a general term that includes huts, rondavels, etc. Such dwellings can be found as single units

or in clusters (Stats SA, 2012, p. 19)
9 1f household did not grow any crops (question-8a), NA was set to {0}.
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10=Pumpkin/Squash
21="Imifino", "Morogo" berries,
mushrooms

11= Green Vegetables 22=0Othe
(Specify)

ES_anim

(8.5.1.2) Does the household ow
or farm with any animals or

poultry of any kind?

poultry]

# of animalg' {1:5}

[cattle, sheepgoats, pigs,

# of animalg' {0}

Table A. 1 - Full survey questions and answer categories KIDS data2003 for the characteristic bundle of direct ES.

agricultural activities the
household is involved in?

(More than one can be chose|

Variable | Question Chosen response | Other possible responses
ES_Water
What is the this households | River/stream; spring Regional/local water scheme (operated |
main source of water for municipality or other water provider);
household use? Borehole, Rain water tank,
Dam/pool/stagnant water; water vendor;
watertanker/other
ES_Wood
What type of energy does thig ) o )
. Wood for cooking, wood for | Electricity, gas, paraffin, coal, candles,
household mainly use for ) )
) T heating animal dungsolar, other, none
cooking/heating/lighting?
(Note: Wood cannot be
indicated for lighting usage).

ES_materials | Type of main dwelling Traditional House, flat, cluster house, townhouse,
dwelling/hut/structure made | semidetached house, house/flat/room in
of traditional materials backyardjnformal dwelling (in backyard),

informal dwelling (as a squatter
settlement on a farmjoom/flat on the
property of a larger dwelling, caravan/ter
other

ES_crop What are the kind of Vegetable productigrother | Other, none

agricultural activities the crops or fodder
household is involved in?
(More than oe can be chosen
ES_anim What are the kind of Livestock production; Other, none

Poultry production;

Table A. 2 - Full survey questions and answer categories Census data 2011 for the characteristic bundle of direct ES.
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Annex Ill . Technical noteKIDS data

The exact definition o core member i§ he/she igUniversity of KwaZuluNatal, 2004)

The selfdeclared head of household from the 1993 survey

A spouse/prtner of the seltleclared head of household (from the 1993 survey)
Lives in a threegeneration household and all of the following are true:

Child of the seHdeclared household head, son/daugimtdaw of the

household head, or niece/nephew of-geifared head

At least 30 years old

Have at least one child living in household

Spouse/partner of person satisfying criterion.

= =4 -4 -4 -4 4 -9 2

Annex IV. District municipalities and corresponding local municipalities.
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eThekwini Amajuba Harry llembe King Cetshwayo
Metro Gwala
Dr.
Nkosanzana uMhlathuze
Dlamini KwaDukuza
Dannhauser .
Zumg Umlalazi
Durban
metropolitan eMadlangen Ndwedwe
municipalit Greater Nkandlg
pality Kokstad Mandenj
Newcastle , :
Mthonjanenj
Ubulebezwe | Maphumulo
Umfolozi
uMzimkhulu
Ugu Umgungundlov uMkhan Umzmyat uThukela
u yakude hi
Msunduzj
Ray Nkonyeni Jozing
(used to be uMshwathi Alfred Duma(used to
Ezinqgoleni and Umhlabuyali | Msingg be - :
o . Emnanbithi/Ladysmit
Hibiscus Coast) | uMngenj ngana
h and Indakg)
Nqutu
Umzumbe Richmond Mtubatuba ) Okhahlamba
Umvoti;
uMuziwabanti Mkhambathini The Big 5Big . :
) : . Inkosi Langalibalele
Five Hlabisa | Endumeni
Umdoni Mpofang (used to be
Imbabaane and
Umtshetzi)
Impendle
Zululand

Ulundi; Nongoma Abaqulusj uPhongolpeDumbe

Table A. 3 - Full list of local municipality names and corresponding district municipalities in KZN. Administrative

classification as of 201®ata:South African Demarcation Boafd016aand 1.

Annex V. Distribution of former homeland areas inSouth African and KZN
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https://en.wikipedia.org/wiki/KwaDukuza_Local_Municipality
https://en.wikipedia.org/wiki/Ndwedwe_Local_Municipality
https://en.wikipedia.org/wiki/Mandeni_Local_Municipality
https://en.wikipedia.org/wiki/Maphumulo_Local_Municipality
https://en.wikipedia.org/wiki/UMhlathuze_Local_Municipality
https://en.wikipedia.org/wiki/Umlalazi_Local_Municipality
https://en.wikipedia.org/wiki/Nkandla_Local_Municipality
https://en.wikipedia.org/wiki/Mthonjaneni_Local_Municipality
https://en.wikipedia.org/wiki/UMkhanyakude_District_Municipality
https://en.wikipedia.org/wiki/UMkhanyakude_District_Municipality
https://en.wikipedia.org/wiki/Ray_Nkonyeni_Local_Municipality
https://en.wikipedia.org/wiki/Umzumbe_Local_Municipality
https://en.wikipedia.org/wiki/UMuziwabantu_Local_Municipality
https://en.wikipedia.org/wiki/UMdoni_Local_Municipality
https://en.wikipedia.org/wiki/Msunduzi_Local_Municipality
https://en.wikipedia.org/wiki/UMshwathi_Local_Municipality
https://en.wikipedia.org/wiki/UMngeni_Local_Municipality
https://en.wikipedia.org/wiki/Richmond_Local_Municipality
https://en.wikipedia.org/wiki/Mkhambathini_Local_Municipality
https://en.wikipedia.org/wiki/Mpofana_Local_Municipality
https://en.wikipedia.org/wiki/Impendle_Local_Municipality
https://en.wikipedia.org/wiki/Jozini_Local_Municipality
https://en.wikipedia.org/wiki/Umhlabuyalingana_Local_Municipality
https://en.wikipedia.org/wiki/Umhlabuyalingana_Local_Municipality
https://en.wikipedia.org/wiki/Mtubatuba_Local_Municipality
https://en.wikipedia.org/wiki/The_Big_5_False_Bay_Local_Municipality
https://en.wikipedia.org/wiki/The_Big_5_False_Bay_Local_Municipality
https://en.wikipedia.org/wiki/Msinga_Local_Municipality
https://en.wikipedia.org/wiki/Nqutu_Local_Municipality
https://en.wikipedia.org/wiki/Umvoti_Local_Municipality
https://en.wikipedia.org/wiki/Endumeni_Local_Municipality
https://en.wikipedia.org/wiki/Okhahlamba_Local_Municipality
https://en.wikipedia.org/wiki/Ulundi_Local_Municipality
https://en.wikipedia.org/wiki/Nongoma_Local_Municipality
https://en.wikipedia.org/wiki/Abaqulusi_Local_Municipality
https://en.wikipedia.org/wiki/UPhongolo_Local_Municipality
https://en.wikipedia.org/wiki/EDumbe_Local_Municipality

I:_] provinces

homelands

Limpopo

Free State

Northern Cape

Eastern Cape

Western Cape

400 Kilometers

Figure A. 2 - Distribution of former homeland areas in South AfriBaurce Hamann et al

Annex VI. Structure of the dataframe KIDS and census
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Snapshot of th&IDS-datdrame(consisting in total o067 rowsas unique household observations
per waveand 46columns avariables)

esd_name md_code md_name

= year Ehet 93: ESD Mame 93: Magisteriz| District Code 93: Magisterial District Mame ET BT
1 590010 1993 539 5T WENDOLINS, SAVAMMAH PARE 221 PINETOWWIN 3
2 550010 1998 59 ST WENDOLINS, SAVANMAH PARK 221 PINETOWWN 3
3 550010 2004 59 ST WENDOLINS, SAVANMAH PARK 221 PINETOWWN 3
4 550020 1993 59 ST WENDOLINS, SAVANMAH PARK 221 PINETOWWN 3
5 550020 1998 59 ST WENDOLINS, SAVAMMAH PARK 221 PINETOWN 3
6 590020 2004 539 5T WENDOLINS, SAVAMMAH PARE 221 PINETOWWIN 3
T 550030 1993 539 5T WENDOLINS, SAVAMMAH PARE 221 PINETOWWIN 3
8 590030 1998 59 ST WENDOLINS, SAVAMNMAH PARE 221 PINETOWWN 3
9 590030 2004 59 ST WENDOLINS, SAVANMAH PARK 221 PINETOWWN 3
10 550040 1993 59 ST WENDOLINS, SAVANMAH PARK 221 PINETOWWN 3
11 590040 1998 59 ST WENDOLINS, SAVANMAH PARK 221 PINETOWN 3
12 590040 2004 539 5T WENDOLINS, SAVAMMAH PARE 221 PINETOWWIN 3

Figure A. 3 - Snapshot of the KIDSataframe.

Snapshot of theamsusdatdrame(consisting in total 0260.229 rowss unique household
observationsind 34 columnas variables

- hhid H1 1_ENERGV_HEAFNG H_PFOVINCE H._D.ISTRICI' H_M.lTINI_C Weight ES_water ES_wood
Energy or fuel for heating Province District Municipality
1 10842477879 1/5 521 503 10.23112 0
2 10842477732 1/5 521 503 10.23112 0
3 10842479722 4 5 521 503 10.23112 0
4 10842480013 1/5 521 503 10.23112 0
5 10842479319 1/5 521 503 12.49388 0
6 11025534629 1/5 521 503 10.23112 0
7T 11028934047 1/5 521 503 10.80881 0
8 10842473849 4 5 521 503 10.76381 0
9 11028933562 1/5 521 503 10.76381 0
10 110253336624 1/5 521 503 18.00086 0
11 11028445212 4 5 521 503 10.76381 0
12 10811669321 4 5 521 503 10.23112 0

Figure A. 4 - Snapshot of the censdsataframe.
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Annex VII. R-Code

Thescript created for thempirical sections of this thesis is available under the following Tihk.
relevant questionnaires and coding manuals are included as well.

https://1drv.ms/f/s!AnzstWb00cHFu2R29VBn8N033T6C
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