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Zusammenfasung

Diese Doktorarbeibefasst sich mikritischen Fragen zur Kartierung undbschéatzung von
Okosysterteistungen in einem petirbanen Untersuchungsgebiet in Kenia. Die Doktorarbeit
stellt Interpretationen von empirischen Untersuchungsergebnissen bereit, um das
Ressourcenmanagement in dieser Region zu fordern und um reproduzierbare Methoden zu
empfehlen, @& die Forschung und Anwendung des Okosystemleistungskonzepts auf
regionaler, nationaler und lokaler Skala in Afrika voranbringen.

Bei der Betrachtung der Thematik, zieht sich eine Sachfrage durch die Areeikann

Afrika die Chancen nutzen, die durdas Okosystemleistungskonzept geboten werden, um
sich iber die Degradation von Okosystemen, den Biodiversitatsverlust, das Missmanagement
von Naturressourcen und dem schlechten Befinden der Bevdlkerung hinwegzuheben?
Obwohl in der Vergangenheit in Afrikdersuche unternommen wurden, ahnliche Fragen zu
adressieren, waren diese Versuche nicht erfolgreich. Hauptsachlich aufgrund der nicht
flexiblen Methoden, die in den meisten Fallen mit geringen Daten und Expertisen nicht
funktionieren. Zudem werden dieseagen noch komplexer, wenn die Herausforderungen
von Urbanisierung und Peldrbanisierung in die Diskussion mit einbezogen werden. Dies ist
weil urbane und petirbane Okosysteme in Afrika dramatische Veranderungen in der
Landnutzung und Landbedeckung, ientbgraphischer Struktur und sozialer Mobilitat und

der Entdeckung und Nutzung natirlicher Ressourcen verzeicBreemngefahr 90% der
neuen urbanen Bélkerung bis 2030 aus einkommensschwachen Staaten stammen, werden
afrikanische Lander einen hohen Antaih diesen Prognosen haben. Folglich, werden
Landnutzungs und Landbedeckungsverdnderungen in urbanen und-ugmEmnen
Okosystemen zwangslaufig die Funktionalitat von Okosystemen beeinflussen und daher auch
Biodiversitat, Okosystemleistungen und das mensiadWohlergehen.

Diese  Veranderungen spiegeln die  dynamischen Beziehungen  zwischen
Ressourcenproduktion und Konsummuster in Afrika wider, die sich lber die Zeit und den
Raum aufgrund von anthropogenen Aktivitaten verwandelt haben, die durch Globadjsieru
und moderne Technologien beeinflusst wurdémthropogene Aktivitdten beeinflussen
ebenso stark Pedrbanisierung und haben schliel3lich zu hohem Nutzungsdruck auf peri
urbane Okosysteme gefiihrt. Um solche sozialen und tkologiseh&nomene zuegeln
missen Entscheidungstragemulti- und interdisziplindre Methoden (bernehmen.
Diesbeziglich wird anpassungsfahiges Ressourcenmanagement bei der Identifizierung
passender aufkommender Methoden entscheidend, um die Komplexitdt von sozio
Okologischen Systemeru managen.

In dieser Doktorarbeit wurde ein Methodenansatz in einem Untersuchungsgebiet angewendet,
um den Okosystemleistungsansatz in der Kartierung und Abschatzung von
Okosystemleistungen auf lokaler, raumlicher Ebene in Nairobi, Kenia zu integrieren.
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Um diesen Ansatan Untersuchungsgebiet zu integrieren, wurden das DRvessureState
ImpactResponséodell (DPSIR), die Okosystemleistungskaskade und das Mewoikell
angewendet. Diese Modelle sind als lUiberzeugende Konzepte und Werkzeuge zwrigartier
und Abschatzung von Okosystemleistungen hervorgegangen, welche die Komplexitat
reduzieren und die Analyse und das Verstandnis von -$datogischen Systemen
unterstutzen.

Aufgrund von Dateneinschrankueng stiitzt sich diese Arbeit auf verfiigbare Sad@rdaten

in Form von Landnutzungsind bedeckungsdaten von Satellitenbildeka3erdem wurden
Primardaten mittels Interviews der Iokalen Bevolkerung und Experten im
Naturressourcenmanagement und Umweltschutz Vorort erhoben. Die Datenerhebung und
Gelandedreit wurde in zwei Phasen in den Jahren 2014 und 2015 durchgefihrt. Das
Matrixmodell wurde insbesondere in der Analyse von Satellitenbildern mittels eines
Geographischen Informationssytems (GIS) angeweridiet.Doktorarbeit beinhaltet sechs
Kapitel. Das este Kapitel leitet die ausschlaggebenden Konzepte unthdden dieser
Arbeit ein die weiter in den anderen funf Kapiteln ausgearbeitet werden.

Die Ergebnisse der Arbeit finden sich in den Kapiteln 2, 3, 4 und 5. Das zweite Kapitel zeigt
Ergebnisse lbedie Trends und Verteilungen von Okosystemleistungsstudien in Afrika mit
den angewendeten Methoden und ihren-Mard Nachteilen sowie der Identifikation von
Licken und deren Auswirkungen auf die zukiinftige Okosystemleistungsforschung und das
Ressourcenmagament in Afrika. Das dritte Kapitel zeigt die raumlichen und zeitlichen
Tendenzen von Landnutzungsnd Landbedeckungsveranderungen und den Konsequenzen
fir Regulierungsleistungen in den Jahren 1990, 2000 und 2010 im Untersuchungsgebiet. Die
auffallendste Ergebnisse des Kapitels zeigen wie Siedlungen sich rapide im Gebiet
vergroRRert haben, die Art wie sich Ackerland gegen die Siedlungen innerhalb dieser Periode
widersetzt hat und die abnehmenden Potenziale der Gegend fir Regulierungsleistungen. Das
vierte Kapitel zeigt neue Erkenntnisse und Hinweise wie verbessertes menschliches
Wohlergehen zur Verbesserung der Ressourcenpolitik fihren kann. Dieses neue Wissen und
die Aussagen sind in einem konzeptionellen Rahmen dargestellt, der einfach zu verstehen
und nterpretieren istDas funfte Kapitel zeigt auf, dass Wasser, Nahrung, Bicenasd
Holzbrenmstoffe in Verbindung gebracht werdemie sie in Okosystemen produzierengen,

mit der Biosphare in Interaktion stehen und in den unterschiedlie@sen von Meschen

genutzt werdenDaher sollten Richtlinien zur Nutzung umtim Management von diesen
Okosystemleistungen beratend formuliegraden.

In der Zusammenfassung im sechsten Kapitel wird bestatigt, dass die Bevoilkerung im
Untersuchungsgebiet und in denbanen und petirbanen Gebieten in Afrikals sich
entwickelnder Kontinent, steigen wird Weitere Landnutzungs und
Landbedeckungsveranderungen werden weiterlign Rbtenziale fiir Okosystemleistungen
beeinflussen. Jedoch warnt die Arbeit WissenschaftleBareich von sozi@kologischen
Untersuchungen, Naturressourcenmanager und Entscheidungstrager, dass die Motivationen,
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warum Menschen in urbane und perbane Gebiete ziehen, sich verandern werden, wenn
sich die Menschen mehr und mehr der multivariatertéfle in gesunden und funktionalen
Okosystemen zu leben bewusst werdeaher werden die attraktivsten urbanen und-peri
urbanen Gebietediese sein, die ein funktionierendes und anpassungsfahiges- sozio
okologisches System sicherstellen, welches fahigOggsysteme und Biodiversitat gegen
Degradation zu schiitzen und nachhaltig Okosystemleistungen bereitzustellen, um soziales,
O0konomisches und Okologisches Wohlergehen der Menschen zu verbd&3issrnst ein

Aufruf fir das Engagement aller Interessensvegtreng zusammenzuarbeiten, um sich auf

die komplexeren sozifkologischen Systeme in urbanen und jpebanen Gebieten in der
Zukunft vorzubereiten.

Vi
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Summary

In this thesis, critical questions concerning mapping asdsssnent of ecosystem services

are addressed by the use of a feban case study in Kenya. The thesis provides
interpretations of the results of empirical investigations to boost resource management in the
area and to recommend how the methodologies beameproduced in order to promote
ecosystem service research and application at regional, national and local scales in Africa.

Reflecting around the subject matter, one pertinent question that flows through this thesis
states;how can Africa seize the pprtunities offered by the ecosystem service appré@ach

rise beyond thelegradation of ecosystems, loss of biodiversity, mismanagement of natural
resources and Hbeing of its people?Although efforts to address similar questions in Africa
have been nue in the past, the attempts have been unsuccessful mainly due to the
inflexibility of the methods applied, which in most cases do not function with limited data
and expertise. Besides, such questions become even more complex if the challenges of
urbanizaéion and perurbanization are included in the discussions. This is because urban and
periturban ecosystems in Africa are recording dramatic changes in land use and land cover,
demographic structures and social mobility, and natural resource discovetiasliaation.

Since about ninety percent of the new urban population numbireriginate from low

income nations by 2030, African countries will make high contributions to the projections.
Consequently, land use and land cover change in urban andrip@n ecosystems will
inevitably influence the functionality of the ecosystems and hence influence biodiversity,
ecosystem services and human wellbeing.

These changes reflect on the dynamic relationships between resource production and
consumption paerns in Africa, which have metamorphosed over time and space due to
increased anthropogenic activities that have been influenced by globalization and modern
technologies. Anthropogenic activities are also highly influencingyréanization and have
everiually led to high pressures on perban ecosystems. In order to managehsocial and
ecological phenomena, policynakers are being compelled to adapulti- and inter
disciplinary approachesn this regard, adaptive resource management becomesldrucia
identifying suitable emerging approaches in managing complexities of the coupled socio
ecological systems.

A case study methodology was used by this thesis to integratectisystem service
approachn mapping and assessment of ecosystem seraice$ocal spatial scale in Nairobi,
Kenya. In order to properly integrate the approach in the case study the-Brégsure

StatelmpactResponse (DPSI R) model , the decosystem

Amatri x model 0 hayv ¢hesib. eTkese madkls paveeamerdey as tstfomgs
concepts and tools of mapping and assessing ecosystem services, and in reducing
complexities, analyzing and aiding comprehension of the smmdogical systems. Due to

Vil
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data limitation, the thesis relied on thengrally available secondary data in form of land use
and land cover satellite images. Besides, primary data was collected through field interviews
with local people and experts in the disciplines of natural resource management and
conservation. The datmllection and fieldwork exercises were executed in two phases in the
years 2014 and 2015. The matrix model has been particularly applied in analyzing the
satellite images within the Geographic Information System (GIS) interface. The content of
the thesids contained in six chapters. The first chapter introduces the crucial concepts and
methodologies for the thesis, which are further elaborated and concluded in the other five
chapters.

Results of the thesis are found in chapters 2, 3, 4 and 5. The sd@ptdr presents results
about the trends and distributions of ecosystem service studies in Africa, methods applied and
their merits and demerits, identification of gaps and their implications to the future ecosystem
services research and natural resoune@agement in the continent. The third chapter reveals

the spatiotemporal trends of land use and land cover changes and their implications on
regulating ecosystem services between the years 1990, 2000, and 2010 in the study areas.
The most striking restd of the chapter show how settlements have rapidly increased in the
area, the manner in which cropland area resisted encroachment by settlements within the
period, and the declining potentials of the area for regulating ecosystem services. The fourth
chager presents new knowledge and evidence of how improved human wellbeing can lead to
improved natural resource policy. The new knowledge and evidence are presented in a
conceptual framework that is easy to read and interpret. The fifth chapter revealattdrat

food crops, biomass and wood energy materials are related in the way they are produced by
ecosystems, interact in the biosphere and in the various ways they are utilized by people.
Therefore, policies to guide the utilization and management of theseystem services
should be formulated consultatively.

In the conclusions, the sixth chapter confirms that indeed the human population will continue
to increase in the study areas, and in the urban andifbem areas of Africa as a developing
continert. More land use and land cover changes will continue to affect potentials for
ecosystem services in the area. However, the thesis also cautions scientists in the socio
ecological research, natural resource managers and {podikgrs that the motivation® t

move to urban and peurban areas will change in the future, as people increasingly become
aware of the multivariate benefits obtained when one lives in a healthy and a functional
ecosystem. Therefore, the most attractive urban aneugsn areas wilbe those that will
ensure a functioning and adaptive seetmlogical system that is capable of protecting the
ecosystems and biodiversity against degradation, and sustainably providing ecosystem
services to improve social, economic and environmentabweiel of the people. This is a

call for commitment by all stakeholders to work and liaise closely as they prepare for even
more complex sociecological systems within the urban and pgban areas in the future.

viii
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1. Introduction

Motivation: Africa is, on the one hand, a heterogeneous continent of fascinating tropical
ecosystems and magnificent geographical features (Hemp 2005, Swallow et al. 2009, Cohen
et al. 1993, Semaw®000, Wangai et al. 2016). On the other hand, Africa is coupled with
challenging social, economic, demographic and political dynamics. These characteristics
make the continent influential in shaping both the current and fitumeanrenvironmental
interactons, global decisioimaking, human lifestyles and choices. For example, due to the
annual population growth rate of 2.3% (UNFPA 2011) and the projected population of two
billion people by 2044 (UNDESA 2012), an unprecedefa@d use andand cover change

is expected to occur across the contind@ihie land use anthnd cover change will be even

more dramatic because of thepid urbanizationrate of 3.3% per annunB@haug & Urdal

2013, Cobbinah et al. 2015¢Consequentlyapproximated 56% of the total pdation in

Africa shall live in theurban andperi-urban areas by 2050 (UNDESA 2014), hence putting

high pressure on the available natural resourcesanslystem service8s part of the ever
changing global humanenvironmental system Af r i ¢ a 6 sard laadn cbver,u s e
demography, economies and politics are expected to continue chaxgtagly, Gunderson
(2003, p . 37) presents | and use/ l and cover
i mpacts of humansdé capablesofpriasssdgi nt hehe
further caitioned that without propexdaptive management actioasd policy interventions

the ecological surprises could metamorphose into ecological crises capable of causing
dysfunctions of the humaenvironmental systemdEssentially, a malfunctioning human
environmental system in Africa is graduallyadingto human deprivationge.g. loss of
livelihoods, diminished multifaceted human wd#ling, and retrogressive economies), on the
one hand, andecological disintegration(loss of biodiversity, declining net primary
production, inability for nutrientycling and waste/ pollution assimilation) on the other hand.
However, indicating and assessing the depmaling trend of the humaenvironmental
system in Africa is stumbleby gaps indata availabilityandexpertise Kenya shares similar
biophysical and sociademographic trends with the rest of Africa. For example, the annual

growth rate of urban population in Kenya is projected at an estimated 3.8% by 2050, and an
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approximated annual growth rate of 4.3% for the Nairobi city by 2025 (Cobbinah et al.
2015).

Therefore, for purposes diridging the existing research gaps in the context of data and
expertise limitationsthis thesis targets a case study ipexirurban area gacent toNairobi

city. The thesis aims at, first, reviewing literature for ecosystem services research in Africa
and analyzing the applied methodologies and tools. Secondly, the thesis advances in
identifying relevant ecosyste services and their indica®as well adand use/ land cover
dynamics in the petirban ecosystentomplex Thirdly, concerted investigations are
conducted to link scientific findings to human wellbeing, resource management actions and
policy interventions that are crucial for a t&isablesocicecological systenm periurban

ecosystems.

1.1Ecosystens and ecosystem services

Anecosystem is fAa dynamic complex of plant, é
t he nonl i ving environment i nt er a cimianyg as é
ecosystems are depicted fas examples of c¢com
t hat are c-apgbahezafi dsel (&MBurkhae 201@.000 d&laptivtle | | er
and seHorganized systems, ecosysteha/e supported life on plan&arth for millions of

years Humans have been part of this web of life, and have depended entireladnu r e 6 s
providence In the early 20 century, it was problematic to framreat ur eds tor ovi de
humanswithin the field of ecosystem ecologfOdum 1%6). This was because since the
inception of the term O6ecology6 in 1866 ( Go
entity from theecosystem However , after Tansley coined t
momentum of recognizing humans as part the ecosystenincreased. The momentum
denotes three stages in the metamecpbhygsti emi
f unct(Odum 49%6),6 f unct i on gHellavell 1969, tBraat estbal. 1979), and
6ecosyst e (khrlisheand Ehrliehs1®81Daily 1997, Costanza et al. 1997). In

t heoretical understanding, the three stages

humans o6, el evated reference to humans and
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ecosystems t o Boxlmaesentsvsoind dbthel cangmdnly cited definitions of

the termecosystem serviced\lthough the definitionscapture both ecological and social
aspects as contained in the first definition by EhrBchEhrlich (1981), certain variations

exist. Despite th variations, the definitions concur in the following four points. First, the
definitions are particularly cognizardf humans as beneficiariesf ecosystem outputs.
Second, ecosystems support humans with kemgible and intangible benefit3hird, the
delivered services and benefits depend onpédormance of the ecosysteni®urth, the
interaction between humans and ecosystemsntluence the performance of the ecosystem
Notably, the definitions and the interpretations portray ecosystems aseheissfor inputs

that drive and sustain the social and ecological systems and the systems are capable of

influencing other subsystems or being influenced in an interactive cycle.

In this thesis, the definition by Burkhard et al. (2D&hall be widelyapplied,because the

thesisis basedon periurban landscapes and ecosystems, which are highly modified by
human activitiesSinceBurkhard et al. (2014) are in full cognizance of the contribution of

6ot her i nputsd in enhanmisigr a hteumperdmnd maunrc et
possibilities and responsibilities for identifying and implementing both natural and
technological interventions that can ensure sustainability of such hdomanated socio

ecological systems.

Box 1 Selected definii ons of the term O0ecosy&deGmotser vi c
2012).

1. Daily (1997): Ecosystem Services are the conditions and processes through which nal
ecosystems, and the species that make them up, sustain and fulfil human life.

2. Costanzaet al. (1997):Ecosystem Services are the benefits human populations derive
directly or indirectly, from ecosystem functions.

3. MA (2005): Ecosystem services are the benefits people obtain from ecosystems.

4. WRI (2005): Ecosystem Services are the beneféspgde obtain from ecosystems.

5. Boyd and Banzhaf (2007)Final ecosystem services are components of nature, directly
enjoyed, consumed, or used to yield human-tveihg.
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10.

Box 1 cont é

Brown et al. (2007):Ecosystem services are the specific results of etasygrocesses tf
either directly sustain or enhance human life (as does natural protection from tl
harmful ultraviolet rays) or maintain the quality of ecosystem goods (as water puri
maintains thejuality of streamflow).

Fisher et al. (2@9): ecosystem services are the aspects of ecosystems utilized
(actively or passively) to produce human wmsting.

Ecosystem serviceare a function of complex interactions among species and ahigitig
environment; complex use and utilization patteargjvarious perceptions by beneficiarie

TEEB (2010): Ecosystem Services are the direct and indirect contributions of ecosys
human weklbeing.

Royetal (2012 ecosystem services are the fisp
aspects oécosystems utilized actively or passively, directly or indirectly, to sustain or
enhance humanandnbnu man | i f eo

Burkhard et al. (2014): Ecosystem services are contributions of ecosystem structure 3
functioni in combination with other inpuisto human weltbeing.

The debate on how to classify ecosystem services has been going on (Bastian et al. 2012,

Fisher& Turner 2008 Fisher et al. 2009) presentimdifferent classifications of ecosystem
services (MA 2005, Costanza 20IEEB 2010 HainesYoung & Potschin 2010, Kandziora
et al. 2013, CICES 2013). According to the MA (2005), ecosystem services are classified into

provisioning, regulating, cultural and supportisgrvices. This distinctiohas been widely

supported bygome domains and initiative$ ecosystem services research, though with some

modifications. For example, the Economics of Ecosystems and Biodiversity (TEEB)

preferably wuses the term O6habitato in

pl ac

services in each category were to satisky definitions provided in Box 1, problems may

arise wherbenefitsof certain ecosystem services cannot be traced, hence failing to contribute

t o

human well being. The dil emma origin

which depend on theuman faculty of mind in relation to the desired human Avelhg and
needs (Maslow 1954, Rokeach 1973, Cha

Ovasbuef an ecosyyenefemmydependeat darand al ways de

set goal, bjective, condition or criteria by thbeneficiary(Bastian et al. 2013).

ates

n et

In this

regard, the category of supporting ecosystem services ats@oe controversy because it

seemed not o provideersebemef ot sdGs i mplicgé

ffluem ct
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production of the other three categories of ecosystem services (provisioning, regulating and
cultural) (Walace 2007)Consequently, many publications classify supporting ecosystem
service as attributes of the ecosystem structure and function, sthatservice to the
ecological integrity (Burkhard et al. 2009) but not a dissgiceto humans.

Since the definitions and classifications of ecosystem senete®mpass humans as
beneficiarieqBurkhard et al. 2012b), concrete scieipudicy debatesend to concentrate on

the three categories of regulating, provisioning and cultural ecosystem services, which
connect directly to human wdbeing andhuman needs as the&letermining factordfor
defining benefits and value The three categories have been fwcus in the recent
classifications of ecosystem services, for example, in Kandziora et al. (2013) and*CICES
(2013). Although to date there is no consensus on a universal classification of ecosystem
services, a collaborative scientific debate to devaeldpommon International Classification

of Ecosystem Services (CICES) has been going on, and the framework has been undergoing
revision to become a precise, standardized and accommodative framework of classifying
ecosystem services (Hair¥sung 2016).However, that stage has not been reached up to
now. Therefore, for a working classification of ecosystem services, the thesis adopts the
classifications by Kandziora et al. (2013) and CIGE®L3), courtesy of the Environmental
Management research team at Kiel University and the European Environment Agency

(EEA) respectively.

Despite the challenges in classifying ecosystem services, studies of ecosystem services are
increasing over time and the field is attracting research interests aenamslscientiic

disciplines (Vihervaara et al. 2010). This is partly motivated by the finding that 60% of the
global ecosystems are already degraded (MA 2005) and the ecosystem services approach
seems credible to tackle the degradabgractively engaging different ismtific disciplines
However, the magnitude and valyé&omroaetcentinent/ ec os
country to another as well as the advancemeastigntific research on ecosystem servites

address such degradatiorisor example, in a globakview of studies on ecosystem services,

Seppelt et al. (2011) found thaorth America had the highest number of studies on

L http://www.cices.eu/
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ecosystem services and thed% of the studies were spatially concentrated in only six
individual countriesfrom different contnet s. An exampl e on ecosyst
to the rate of annual loss of forest cover (as a multiple source of ecosystem services) between
2010 and 2015which was highest in Africa at 2.8 million hectares (FAO 2015). These
examples reveal ecosystechallenges at varying geospatial and temporal scales, which
require specific scientific approaches.

In this thesis, the classification of ecosystem services into regulating, provisioning and
cultural categories was adopted. For example, the classificaas applied in Chapter 2 to
investigate the extent in which studies of ecosystem services are conducted in Africa. Each
category is separately investigated further in Chapter 3, 4 and 5 using a case study
methodology at a spatial local scale paban e€osystem in Kenya. The thesis conducts a
biophysical assessment of ecosystem service potential in @chate area, with an aim of
revealing the nexus between the -gephysical componentgland use and land cover
classes)ecosystem services, human lveing andrelatednatural resource policiTable 1)

Table 1: The land use/ cover classes, types of ecosystem services and the selected constituents of

human wellbeing covered in the thesis.

Land use and cover classe§ Ecosystem services Constituents of human
wellbeing

Forests Drought regulation Sense of belonging
Grasslands Flood regulation Personal happiness
Croplands Storm protection Physical health
Wetlands Air purification Source of knowledge
Settlements Landscape aesthetics Emotional support
Unclassified Cultural heritage & identity

Cultural ceremonies
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Table 1 cond

Recreation & tourism

Religious retreat &

pilgrimages

Woodfuel potential

Crop potential

Freshwater potential

Energy biomass potential

1.2 Driver -Pressure State-Impact-Response and the Ecosystem Service Cascade

The thesis is organized and directed to tackle complex problems facing urban auntbgoeri
ecosystems of the developing countries in th& @&htury. By being fully aware of human
ecological questionthat have not found answers yet, the thesis strives to employ a broad
spectrum of tools, concepts and methodologies, which could appropriately answer the
lingering socieecological questions while at the same time boosting comprehension and

minimizing uncetainties in the ecosystem service research.

This thesis identifies two crucial conceptual models in literature that are relevant for
minimizing socieecological complexities and enhancing ecosystem management, namely,
the Driver-PressureStatelmpactResponse (DPSIRand t he decosystem se

modes.

The DPSIR modelwas first conceptualized as Press8tateResponse (PSR) in 1970s
(Burkhard& Miuller 2008), and it has since evolved to the current D8R me Although

the structure of the medl has changed, the ideas of causalities within he@msronmental
system remain the same (Muller and Burkhard 2012). The DPSIR model is described as a

framework to identify and analyze the caiusiéect relationships resulting from human
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environment intaactions (Burkhard and Muller 2008, Hou et al. 2014, Nass| & Loéffler 2015,
Spano et al. 2017). Spangenberg et al. (2015, Pg. 190) have defined the five components of
the DPSIR model. From the definitiorBtiversof envi r onment al change
causal chain. ThesBrivers can originate from natural or amtpogenic phenomena and
activities and areaffecting the causal chaiaither in a direct orin an indirect manner
(Burkhard & Miuller 2008, Hou et la 2014). A typical example foa directDriver begins

with a case of fertilizer overuse to increase food production: Fertilizer overuseDsivbe

that causgeutrophication and creae Pressureon the aquatic system (e.g. organisms and
food webs)e.g.in a lake. The pressure destabilizes 8te of the aquatic ecosystem that

leads toan Impact such as growth of algal blooms, reduced oxygen concentration in the
water, reduced light intensity under the water surface, reduced growth of phytoplankton and
reduced fish landing. Consequently, poli@kers develop aResponsetargeting at a
reduction of fertilizer use by farmers. Although the causal pathways appear to be linear, there
are possible forth and back interactions between theeD) Pressure State, Impactand
Responsecategories(Miller & Burkhard 2012). Since humamvironment systems are
complex (Hou et al. 2014), the iterations among the DPSIR components become vivid when
the components are systemati cal Isytenaseryicegned
c a s ¢ daneg)¥oulg & Potschin 2010). Figure 1 displayssacioecological systerand

shows thasocioecological interaction®ccur between thstate of ecosysteon the left and

the state obocietal systeron the right. The three distinct sectionstlod framework depict

the ecosystem service cascade, starting with the ecosystem properties and functions on the
left, and ending in benefits and values on the right. Targeting #wcioecological
interactions that entail human wolvement and ecosystem servipeovision could be

effective in addressing the challenges originating from the complex-soclogicalsystems.
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Response Drivers Response
P TTTTTTTET T 1
i Impact / Response !
Pressure !’”/T_ Human Involvement —F\ Pressure
i e.g., changed... !
i ...land use :
Ecosystem : ... use value attribution E
Properties & ! ... levels of pollution ; Values
Functions i ...environmental protection |
i i
1 1
Ecosystem i Social-Ecological !
<. ; Interactions i Benefits
Potentials i Changed rates of i
i Ecosystem Services E
i rovision !
State of Ecosystem ~— P ——+T State of Societal System
i Impact / Response !
Social-Ecological System T Mesao Scale
Macro Scale

Figure 1: The interactive and iterative feedbacks betweensthge of ecosystend thestate of
societal system whi ch are integrastedviwde hiCasYouhgt& 66 e(cldas iy

Potschin 2010) and operate as samiological system (adapted from Nassl & Loffler 2015).

Using the new insights from the presented framework that combines the DPSIR model and
the ecosystem service cascade, Chapter thefthesis investigates the interconnectivity
between ecosystem services and human wellbeing, with an aim of demonstrating how

wellbeing could enhanaesponseto possibledriversof environmental change.

1.3Urbanization and peri-urbanization

This sectionis important for the thesis because it is increasingly becoming clear that the
reliance on most solutions that were formulated to tackle the social and ecological challenges
of the agrarian and the industrial revolutions are no longer tenable. Thisassbethe
solutions were targeting individual sectors and at that time, urbanization and peri
urbanization were insignificant factors to be considered. Since the majority of the global
population are leaving in urban and perban areas today (Wu, 2014)ettwo processes are

critical in all social and ecological discussions. This is because the high population densities

10
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are coupled with the evancreasing per capita demand for natural resources and per capita
waste generation. Consequently, resource degjan, depletion and pollution occur within

the urban and petirban ecosystem boundaries. However, due to increasing demand, more
resource extraction, degradation, depletion and pollution extend beyond the urban-and peri
urban ecosystem boundaries, heoaasing negative impacts on resources, biodiversity and

people.

Urbanization entails opportunities, challenges and potential disastieksh have appeared

during the 2F century (Douglas 2008, Larondell®@ Lauf 2016, Patel et al. 2009).
Opportunities emerge when peoplean benefit from better jobs, established physical
infrastructurs, high quality social amenities and security, quality education and quick public
services in cities and urban centers (Cohen 2006, Glaeser 2011). On the other hand,
urbankzation ha been instigated becausecohsequences that lead to global climate change,

poor human health, rise of tenement and informal settlements, pressure on physical and social
infrastructurs (e.g. traffic jams and city crimes) and the overexploitatibnatural resources

to meet the demands of the growing population (Buhfaugdrdal 2013, UNDESA 2014).
According to the Apublic health paradigmo,
hazardso into a | ooming Hhe maonyiot hamanity (Patellat s a st €
al. 2009: Pg. 741). For example, urban air pollutias caused.9% of urban deaths in the

United Kingdom (Larondelle& Lauf 2016) and increased pediatric asthma cases in the

United States (Aligne et al. 2000). Similarlyiy pollution causes a high level exposure to
atmospheric particulate matter in one out of three residents in Nairobi city (Ngo et al. 2015),
and in Hong Kong, urban air pollution | ed t
syndrome (SARS)in2@ and 20030 (Patel et al. 2009: P

It has beerobserved that human activities in the urban areas are responsible for the noted
environmental challengdtarondelle& Lauf 2016 Aligne et al. 2000Ngo et al. 2015Patel

et al. 2009). In the @ ard 20" centuries for example, industrial activities aimed at
strengthening political and economic power at the expense of ecological stability (Pieterse
2010, Gafta& Akeroyd 2006). As a result, ecological and human disasters occurred. For

example, over 400 people died in the London smog disaster of December 1952 (Whittaker

11
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et al. 2004)and theDDT poisoning on avian and aquatic species in the United States, which

was reported by Rachel Car (be@mm199@)nSinalarly, thdr e t i t
exposure to industrial carcinogenic waste at the Love Canal in 1970s caused a human health
disaster at Niagara, New York (Kahn 2007), as well as the Bhopal industrial disaster in India

that killed about 3800 people and unaccountable number of wildlife ameésiic animals

poisoning from methyl isocyanate (Broughton 2005).

Addressing urbanization challenges lie in the ability to understand and synchronize the
interactions between human and environmental systems. For example, the role of ecological
processsin purifying water and air on one hand, and the role of secanomic processes in

adopting appropriate technology and sustainable utilization of biophysical resources on the
other (Braai& de Groot 2012, Hou et al. 2015). This is because inasmuch asotl@ment

of people from rural to urban centers is concerned, the process will continue ulyabated
(UNDESA 2014, Radford. James 2013). This is supported by a recent projection that about

70% of the population worldwide is expected to live in cities byyda 2050, and as far as
people find (or expect) better |life in citie
(Larondelle& Lauf 2016, Pg. 18).

In Chapter 5 of this thesis, the biophysical, sedgonographic, mobilityand livelihoods
detaik of the study area are compared with an aim to inform and enable policy and planning

to prepare for the projected urbanization changes.

1.3.1 Socicecological approach to (per) urbanization

This section is important for the thesis because urbanizationexrdrpanization comprise
many human and ecological aspects. In order to understand, manage, monitor and evaluate

these aspects, a systemic, holistic and raliftiensional approach is required.

There is evidence that urbanization is a complex phenomdrairencorpasses not only
humanso roa lalsol thetr intergions, cultures, economic activities, technologies,
biophysical components, natural resources, rules, regulations and policies (Rickedte

2009). Whenever these aspects are considerkdnizationleads toan intricate and complex

12
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ecosystem (Haase et al. 2014) that combines industrial, agricultural, social, cultural,
technological and ecological subsystems and their processes. The concept of an intricate and
complex system that compriseamans on the one hand and ecologamahponents on the
other,interacting as a unit, is referred to asagicecological systenfGallopin 2006). Such
socioecological systems require appropriate management strategies, and adaptive and
innovative capaciés to transcend themselves into the future. In the attempt to ensure that
perturban areas, as soegoc ol ogi c al systems develop in an
(Pieterse 2010), the adoption of the principles of urban ecology becomes crucial (&rimm

al. 2008). Biodiversity and ecosystem integrity, ecosystem services and land use dynamics
are key topics of discussion in the urban areas. From a-soglogical perspective, high
population density areas ar e dopiatasdhumand o f
processes), consumption (in form of ecosystem services), waste discharge and disposal
(Grimm et al. 2008).

Both production and waste disposal are not restricted within the city boundaries (Graham et

al. 2004). Instead, the city boundzsi particularly in developing countriesrre extended to

access more natural resources for the industrial process, more space for landfills and
dumpsites to dispose of waste, and additional settlements for the growing human population

or for people with dw monthly incomes (Graham et al. 2004). This leadsotp € r i
urbani(z@ralmam et al . 2004ur,bawhiacrhe agsidv eo fr ipsoeo r
social infrastructure as well as degraded landscapes due to overexploitation of natural
resources fofurther developmenof the city interior, anddue to pressuret® meet human

demands for different types of ecosystem services (Graham et al. 2004, Grimm et al. 2008).

A conceptual framework by the European PLURRtroject displays the relationship

between the urban, peudrban and rural hinterland (see Fig. 2).

However, Nilsson et al . (2-04Banshtavas af farreaun
expansiono for t he densely popul at ed ur bar
consumption or high povertand human suffering could be identified. From a spatial

perspectiveperi-urbanizationrefers to the transformations that resemble the features within

2 The Periurban Land Use Relationships (PLUREL) http://www.peer.eu/projectsflpgshipprojects/plurel/
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the core of an urban area, lmdcurring spatially outside of the defined physical boundaries

of an urbararea (Nilsson et al. 2013). Due to their characteristics, different actors view peri

urban areas differenthsuch ashe view that pestur ban ar eas have become
areas6 of-grtohvet hoof ruarntamrci zati on i n O8fPgy.ild a. For
found thatthe low income people benefit from the low cost housing and get the opportunity

to practice agriculture; the industries access raw materialetfestively; the middle income

people find spacious land to build own houses and reerefacilities; the local governments

establish landfills, dumps#eand zoned areafor polluting industries; conservationists see

the opportunity to establish protected ecosystems such as wetlands and forests; and the
proponents of education and humaallaeing view perurbans as the closest areas where

urban residents come into contact with Anatu

a
URBAN AREA City centre s Mono-
(continuous & over Inner urban - - centric
20,000 population) - , settlement
Suburban X ,  pattern
Urban fringe - L ext ook
PERI-URBAN Built up area | i BEghoo
AREA Urban periphery ' ) version)
1
(discontinuous & < Functional Urban Area > 2
over 40 persons / s :
HARIALS Rural hinterland : '
' Rural-urban-region '
< ->'
Multiple b
combinations of
grban areas, Poly-centric
with peri-urban agglomeration
agglomeration , pattern
and rural
hinterland (semi-realistic
version)

Figure 2. PLUREL concept of pefiirban areas and ruratbanregion (adopted from Nilsson et al.
2013)

Moreover, the pbal general trend of urbanization indicates high land use dynamics in the
periurban areas and the use ofdarea to minimize population densiti@s cities (Douglas
2008).
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However, the existing literature on urbanization, fpebanization and urlpeecology reveal

a paucity of knowledge about the land use dynamics withinyskan areas and at local

spatial scale. Similarly, the concept of perban areas as a distinct ecosystem (i.e. with both
biophysical and social components) that is capabie sefsustenance (production,
consumption and waste assimilation) is superficial. Thereforeupsain areas are portrayed

only as 6ur ban pr e s s ufic dand rmanhageeent stmtégieswart h o u
development policiesAlthough ecosystem conditis and functions as prerequisites for the

supply of ecosystem services, some city planners and governors do not reconcile the two,
instead, they expand the physical infrastructure (settlement schemes, roads, railways,
landfills, etc.) only for shorterm povision of vital amenities to the urbaesidents

1.3.2 Urban and peri-urban ecosystem services

In this section, urban and peaniban ecosystem services are introduced. It is noteworthy that

Opamriband derives its charadéterakbodoi tabfrom. bt/
term Ourban ecosystemd has existed in the fi
2009), t her beemr me dpxeyst emd is rel ati vuebany new.

ecosystem ser vi celngto hage ar alabanatesnintnodrictioan.oMoeever,
this thesis is based on a parban case study, and hence the section is vital in explaining

wh at -arbad is,&mdiwhich are the associated ecosystem services.

Douglas (2012) odgsdreimseds byurimarmreaepadas, ng gr

life-support systems, consumption and emissions of the urban area.

The European Union PLUREIproject defined petiirban ecosystems as zones of transition
with strong ruralurban linkages (Nilssoret al. 2013). Grimm et al. (2008: Pg. 756)

charact euritzeen feprewiir onment so with the outwarc

Ai nto surrounding rur al |l andscape, i nducing
i nfor mal humaAl tskaudemehése. i no uni-ver sal
urban ecosystembé, the term hameecgsysiemsediicego pul a

3 http://www.pluré.net/Synthesis_report_Paribani -sation_in_Europd 15.aspx
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approach to study the demographic, seesononic and ecological changes ekpanding

urban areas.

The povision of ecosystem services (provisioning, regulating and cultural) in urban and peri
urban areas depends on the diversity of landscapes (in form of land use and land cgver types
and ecosystems such as forests, wetlaoldg, areas, green parks agardens, social parks,
national parks, arboretums, museums and heritage sites (Escobedo et al. 2015, Haase 2015,
Cohen 2006). In SuBaharan Africa cities, it is becoming difficult for the landscapes and
ecosystems to synergistically provide ecosystemices because of the high urbanization
growth rate of up to 4.1% (Smart et al. 2015), which threaten @inainish the diversity of
6spati al units that ar e s oandrnoodifg their @colag@al i o u s
structures and functions, as wal triggering civil conflicts Kisher et al. 2009Syrbe and

Walz 2012 Buhaug and Urdal 2013)lhe concept of spatial units for ecosystem service
production units (SPU) and ecosystem service benefitting areas (SBA) are elaborated in
section 1.4.1 below.

Dumenu (2013) named various threats (unplanned urbanization, population pressure,
infrastructural development) facing the supply of urban ecosystem services. For example,
case studies of urban ecosystem services in Ethiopia (Haregeweyn et al. 2012utand So
Africa (Davenport et al2012) have indicated rapid and unsustainable land use changes,
mainly due to urbanization. This in turn inhibits ecosystem integrity and related capacities to

provide multiple ecosystem services (Cavan €2@l4, GarcidNieto et al. 2013).

Although people in urban areas increasingly continue to impartigg@and services from
outside thephysical urban boundaries (Kroll et al. 2012), there are still untapped patémtial
internally generate ecosystem services. For exanmeprtesence of aggregated numbers of
trees (Pagella & Sinclair 2014), hedgerows, permanent tree gardens and boulevards, can be
sources for regulating and cultural ecosystem services (Yang et al. 2015, Lar&ndebese

2013). Similarly, the presence ofthe backyard gardens, rivers and forests can contribute to
provisioning ecosystem services (e.g. food, water and fuelwood) (F@&kewuor 2008,
Furukawa et al. 2011, Haase 2015).
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In reference to the high potential for ecosystem services in urban ana fpeniecosystems,
theassessment of t he ec ;apertisenteand viabée vanture lbesaGse pot e
it can reveal demand and supply patterns pertaining ecosystem services. Moreover, the
assessment can also help policy and decisiakers in idatifying, analyzing and providing

guidance on how to sustain ecosystem servicessfioihe human population in the densely
populated areas, as well as mitigating the supeiynand mismatch of the ruaériurban

urban ecosystem services and land uselictsin Africa (Magigi& Drescher, 2010).

Notably, the biodiversity, green (vegetation) and blue (water) spaces Hurpan areas
(Cilliers et al. 2013, Haase 2015) could collectively provide conducive conditions for a robust

and selfsustaining ecosyse m, whi ch i s capable of producir
that are fundament al for both the natur al W
1097).

1.4Concepts, methods, approaches and frameworks adapted in the study

Perturban ecosystems andntiscapes experience a myriad of hurdamen pressures.
Because of the rapid population growth, thera Egh rate of land use/ cover change for
purposes of meeting the growing demand for social, demographic and economic
development. Consequently, thepihysical properties and functions of these ecosystems and
landscapes are stressed, degraded and are rendered incapable of providing ecosystem services
to the people in the densely populated areas. Apart from the accelerated deforestation, surface
sealingand pollution in perurban areas, ovaxtraction of resources is taking place in the
hinterland and rural areas to satisfy the growing demand for material and nonmaterial human
needs. Therefore, the human dynamics in the-yrbian areas are causing bathsite and

off-site spatiotemporal environmental impacts. In order to conduct research on the seemingly
complex socieecological problerm, thisthesis widely refers tthe literature of ecosystem
service research to find suitable concepts, methods, agpe and frameworks for adoption

in the study area. In the following ssbctions, the thesis introduces a selection of concepts,

methods, approaches and frameworks applied in the study.
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1.4.1 Service providing units and service benefiting areas; comparing &
Iron Age and modern society

This section brings the attention to the reader about the aspects human mobility, urbanized
societies, and production and consumption systems duringraheAge and themodern
societyin Africa. It is vital to note the fouaspects remain relatively the same in the two
periods. However, the lifestyles of the urban societies during the Iron Age were self
sufficient in the supply of needed materials and services from the urban ecosystem. This
differs from the modern urban sotgs, which import materials and services from other
spatial regions. One argument for the difference could be the different population sizes in the
two periods. However, considering the high technological capacities and many innovations in
the modern soety, there could be practical means through which human impacts on the
biosphere could be contained within sustainable limits.

In the study of the Iron Age societies in Africa, K&yKaplan (2015) noted the role of

economic proesses in transforming langse andland cover and the potential to provide
ecosystem services. l ndeed, t heir study <cotl
activity is fundament al & Costanzas2p02 Pg.540). Bgsdd®m o0 me n
the economic and subsistenciedtyles, Kayand Kaplan 2015 draw four categories of the

Africans during the Iron Age, where the urbanized societies emerged as one of them. In the
same period, urbanized societies in Africa
Sahel i an KiAnd daonms @, Coast Ki ngdoms o, ASwa hi
African Kingdomso and AEthiopian and& Later
Kaplan 2015). Evidence of human mobility in the past centuries, and the rise of new
urbanized centres and sd@s are documented. For example, part of the Nubian Kingdoms

from the modern day Libya, Egypt and Sudan migrated to the south in'th@et@ury and

settled in Nairobi (Balate€hrimes 2013), which is the largest city in Kenya today.

Unlike in the IronAge where urban centers were smifficient in the supply of ecosystem

services such as food, water and industrial raw materials &l&gplan 2015), most cities of

the 20" and 2% centurieshaveimported ecosystem services (goods and services) frem th
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neighbouring hinterlands (Grew& Grewal 2012). This dramatic change led to the recent
studies on spati al relations bet ween 't he é
consumption (Fisher et al. 2009, Petrosillo et al. 2010, S§rbéalz 2012, Burkhrd et al.

2014). That is, the service providing units (SPU) such as forests, and the service benefiting
areas (SBA) such as peopleds residenti al qu
same location during the Iron Age (K& Kaplan 2015). Howesr, most modern cities

i mport ecosystem services and other industr.]
because the SPU and SBA are detached from each other (Grimm et al. 2008, Kroll et al.
2012).

It is further noted that urbanization leat shrinking ofthe SPU (e.g. deforestation, -de
vegetation, drainage of wetlands, pollution and solid waste deposition, and land
fragmentation) and expansion of SBA (e.g. additional human settlement, extension of tarmac
roads, schools, hospitals, industrdrks, and commercial districts) (Grimm et al. 2008,
Grewal & Grewal 2012). Therefore, it is not surprising that urban areas are globally
responsiblefor 78% of carbon emissions (Grimm et al. 2008), habitat fragmentation, and
solid and liquid waste poltion (Simon et al. 2006). Besides, humans have altered 75% of all
global terrestrial biomes (Ellis and Ramankutty 2008) ahdut 76% of global resources

consumption and pollution take place in cities (Rees, 1999).

1.4.2 Mapping ecosystem services

In this sedbn, the overarching role of mapping ecosystem services is presented. The section
invites the reader to understand that both human and ecological processes have spatial
dimensions. For example, a social decision may entail locating a hospital in the most
appropriate site, probably away from noise pollution and near human residential areas. An
economic decision may be concerned by locating a paper industry at the most appropriate
site, probably near a forest as a source of wood as a raw material. A cooseateaision to

set a biodiversity protection area may be influenced by the sites with the highest number of
flora and fauna species. Therefore, mapping ecosystem services provides information of

which ecosystem services are in a certain areas, wheratbdgcated, and how they are
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distributed. Besides, mapping techniques can indicate where beneficiaries are located and
which ecosystem services they are interested in. In this way, the quality and quantity of
various ecosystem services and the respettivean demands could be easily monitored

over space and time.

Mapping of ecosystem services is an exercise of generating and disseminating spatially
explicit informationabout the ecological functionsiophysical elements, ecosystem services,
benefits ad values (Egoh et al. 2008, MartiRdarms& Balvanera 2012, Maes et al. 2012).

The assertion features strongly in the revi
Burkhard et al. (2009). Since ecosystem conditions are dynamic (Muller 2005), temporal

scale becomes an important aspect in mapping ecosystem services.

Studies of ecosystem services apply different methods and approaches to generate and
disseminate such spatially defined information (MartiHezms & Balvanera 2012).
Referring to the spat-temporal scale, the existing methods and tools for mapping ecosystem
services enable scientists to improve the theory of spatially displayed quantity and quality of
ecosystem services in specified locations and time. Besides, the information enabiezres
managers to take stock of the various ecosystem services and align them with the current
demand and in revealing the budgets (Burkhard et al. 2014). In cases where the provision of
ecosystem services fluctuates over space and time, resource maratjgrslicy makers

could use the information on geobiophysical units of the affected ecosystem as a pointer to
trace the magnitude of change and their causes, and similarly formulate respective responsive

policies (Jacobs et al. 2015).

However, literatureeports that data scarcity and inadequacies, and lack of expertise are part
of the main hindrances in testing and applying certain methodologies (Maes et al. 2012).
Since primary data collection is a costly and exped&manding exercise, there is aymag

ability among the developed and developing countries in undertaking and sustaining a robust
research on mapping ecosystem services. For example, Africa has recorded a comparatively
small number of studies in ecosystem services mapping (Egoh et 2. @@ssman et al.

2013, Wangai et al. 2016). Thinking along the lines of -effstctiveness and urgency of
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availing spatially explicit infamation on biophysical elementscological functions and
ecosystem services to resource managers and demsikans, certain methods of mapping
ecosystem services whi ch coul d-uaddnegé tHhkemmastn th
socioecological systems have been presentedhe literature(Burkhard et al. 2009,
MartinezHarms& Balvanera 201R For example, theapacity of different land use afahd

cover classes to supply ecosystem services
demonstrate by Burkhard et al. (2009). Since 2009, several studies have adopted and applied
the dmatri x6 me tichlardl lafdizaver basegl assdssmentshity tke mapping

and assessment of various ecosystem services (Vihervaara et al. 2010% $Syede 2012,

Nedkov& Burkhard 2012, Kroll et al. 2012, Kandziora et al. 2013, Burkhard et al. 2014).
Recently, Jacobs et a2015) evaluated the performance of the method with an aim to
identify reported strengths and successes, and to address the encountered weaknesses,
challenges and uncertainties (see illustration of the method in Fig. 3). The evaluation by
Jacobs et al. (A®) revealed that the method is adaptable to various landscapes, works with
data of varying quantity and quality, and reduces complexities associated with socio
ecological systems. For example, Maes et al. (2012: Pg. 33) reported that the method is
particd ar Iy wusef ul in areas fAwhere data avail a
weaknesses, challenges and uncertainties are discussed in detail and workable solutions
proposed to guide application of the method in the future studms ¢t al. 2013Burkhard

et al. 2014, Jacobs et al. 2015).
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Figure 3. lllustration of the ecosystem service matrigdal that bases on the land use &mdi cover

(LULC) classesand the quantitative ecosystem servitpply capacityaluesthat emanate from

empirical malds, biophysical indicatorer expert estimations). The figure has three distinct parts; i) a

map section displaying six LULC) classes on the left, (ii) a matrix of the six LULC classes on the y

axis and five ecosystem services on tkexis. The intersémn of y-axis and xaxis is the estimated

capacity valueof a LULC class to supply each of the five ecosystem services; iii) five spatial

representation maps of the ecosystem service supply capacity for the landscape of the six LULC

classes. The three parare connected to each other through a geographic information system (GIS)
interface. (adated from Jacobs et al. 2015).

In this thesis, Chapter 2 reviews the studies of mapping ecosystem services in Africa with an

aim of revealing gaps in the spatiatdibution, the spatial scale, the methodologies and tools

used. In Chapter 3, the matrix method is applied at a local spatial scale to specifically map

regulating ecosystem services in a pghban area.

1.4.3 Indicators for ecosystem services

In this seat o n |

t he

attent

on

of

t he

reader i s

Having realized that the thesis is aimed at addressing issues of a complegcadagical

system, it is thus impossible to directly assess changes of the individtsath@rcomprise
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such systems. Therefore, indicators become the only way to measure, assess, or estimate
changes and behaviours of such complex secaogical systems.

From a general perspective, Ai ndi csaotstates ar e
which are not directly accessible by the obs
humanenvironmental systems limits the obtainable details via direct observation, and hence
demands the use of indicators in the assessment, magitand prediction of the involved
interactions, processes, trends and resultants (Rakeyeler 2001, Muller& Burkhard

2012).

In ecosystem services, Kandziora et al. (2013), Muller and Burkhard (2012), and Dale and
Beyeler (2001) Moeyew!|l endntatremps easntdbpbi onso |
information on certain phenomenono, or that
of trends for a sustainable utilization of natural or environmental resources. Since scientists

and policyméers are the audience and consumers of the knowledge based on the concept of
ecosystem services (Bratatde Groot 2012), the latter description of indicators is particularly
relevant for this thesis. This is becaulse periurban ecosystem is a hurmanvronmental

system, which requires a set of multifaceted indicators that are motivated by gmidioge

understanding.

In this case, science provides a theoretically sound set of indicators, whereas policy sets an
interrogative ground of whether an indior can provide information to identify, prioritize

and implement the required interventions (van Oudenhoven et al. 2012).

Literature has proposed the criteria of identifying and verifying multifaceted indicators. From

the criteria, Eckley et al. (2000 r opose fAcredi bilityo, Asal i er
cardinal components of a suitable and successful indicator. In-ecalogical studies,

indicators should satisfy both scientific and practical application demands as summarized in

Table 2according to Kandziora et al. (2013).
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Table 2 A summary of quality indicators for analyzing seeicological systems based on specified

demands (adopted from Kandziora et al. 2013

, Pg. 55).

Indicators for scientific demands

Indicators  for

demands

practical application

A clear representation of the indicandum by th
indicator

Information and estimations of the normative
loadings

A clear proof of relevant causeffect relations

High political relevance concerning the decisio
process

/An optimal sensitiity of the representation

High comprehensibility and public transparenc

Information for adequate spatiemporal scales

Direct relations to management actions

A very high transparency of the derivation stra

An orientation towards environmeihtargets

A high degree of validity and representativene

A high utility for early warning purposes

the available data sources

A high degree of comparability in and with
indicator sets

A satisfying measurability

/An optimal degree of aggregati A high degree of data availability

A good fulfilment of statistical requirements
concerning verificationeproduction,
representativityand validity

Information on longierm trends of developmen

In the past, there have been gdmween sciere and policy, theory and practice, and
systems behaviour and systems implicatiombich have been causing conflicts between
stakeholders in natural resource management. Therd@falés 2 plays a crucial role for this
thesis because it presents a ratizea way through whiclindicators could bridgéhe gaps

by creating a balance among the various inter@std will be observed in the later chapters

of this thesis, the fieldwork was engaging local people and community associations, research
institutions, norgovernmental organization and the government institutions, who had (at
times) differing opinions on how natural resources in the area should be allocated, utilized
and managed. In this case, the indicators in Table 2 act as a guide and a foatitigatiog

discussions, which are aimed at arriving at a consensus.
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1.4.4 Linkages between ecosystem services and human wellbeing

In this thesis, it is recognized that the major role of the ecosystem service approach is to bring
positive transformation tdhe status of ecosystems, biodiversity and human livelihoods. The
guestion orhow to ensure this transformation for the three compongnisitaneouslyhas

no single answer because there exists a tension between human beings on the one hand, and
ecosystema&nd biodiversity on the other hand. However, since ecosystem services are the
link between the two extreme parts, they can be used as indicators of how the relationships
(or tensions) between the two parts change, shift or remain indifferent. In thid,rEgare

4 presents ecosystems and biodiversitprablem 1 ecosystem services psoblem 2 and

the constituents of wellbeing gzoblem 3 Problem 1occurs when science proposes
protection measures of the ecological integrity, which do not seem te smlse at least

from an economic point of view. In real life, ecological integrity is affected when humans
overexploit provisioning goods and services, hence interfering with the internal ecosystem
structures and processd3roblem 2occurswhen the conreting arrows portray certain
ecosystem services as important than the others in transforming human wellbeing (e.g.
provisioning services as more important than cultural servic€shblem 3occurswhen

human judgements and values towards ecosystem sewicetheir contribution to human
wellbeing differ from one person or society to the other, hence making it difficult to even
define Ohuman well beingo. However, since
positively transform lives of human beingsdicators of human wellbeing remain crucial in
demonstrating and communicating the transformation. What is exceptionally crucial is to
bear in mind of the three possilgeoblemsl, 2 and3 whenever Figure 3 is being interpreted.
Chapter four of thishtesis has addressed these possible problems and it is taking the reader
through an exercise of identifying and prioritizing indicators of ecosystem services and
human wellbeing by using local people at a spatial scale where differences in individual

judgenents and values are expected to be highly minimized.
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The Millennium Ecosystem Assessment illustrates the relationships between ecosystem
senices and human wellbeing (Fig) 4 Looking critically *to the
between ecosystem servicesxdd human wellbeing, there is noted high potential for
substituting provisioning and regulating services with socioeconomic alternatives, as
compared to cultural services. Similarly, the figure shows that cultural services have weaker
6Ointensiteysboftowandagthe different constitu:
provisioning and regulating services. Since the MA (2005) report emphasized on equal
importance of all categories of ecosystem services to human wellbeing, the low potential for
substitutdility and the weak (fragile) connectivity for cultural ecosystem services call for

special attention if comprehensive human wellbeing was to be realized.

However, the concept dfuman wellbeing s fAcompl e x, controversial
& OluochKosura 2006, Pg. 1) because the term lacks a common definition, lacks consensus

on what comprise it, faces methodological challenges and the inability to identify
appropriate indicators for human wellbeing (McGillivray et al. 2006, Busch et al. 2011,
Dodgeet al. 2012). This further complicates the study of the connections between ecosystem
services and human wellbeing (Lange et al. 2010). Despite these shortcomings, there is
congruence among soesxological studies confirming that social, economic andestilop

wellbeing largely depend on ecosystem services (Busch et al. 2011).

“Potential for mediation is fAthe extent to which it is pos:
example, if it is possible to purchase a substitute for a degraded ecosgstice, then there is a high potential for
mediation.p (MA 2005).
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Figure 4: Influence of ecosystem services on human wellbeing. The colour intensity of the arrows
indicate the potential for mediating each ecosystem service category, anddtheofvihe arrows
indicate the strength of the connection between ecosystem service and the constituents of human
wellbeing (adapted from MA 2005).

However, most studies have investigated the linkages between ecosystem services, social and
economic wellbieng. For example, the increased literacy level, increased food production and
reduction of hunger cases, improved health in many countries globally, and a significant
decline in unemployment and increase in per capita incomeMOD&s 2015). Literature

proposes that wellbeing requires a comprehensive evaluation approach that goes beyond the
purported attainment of basic needs from ecosystem services by incorporating both
Aobjective and subjective dimensionso ( McGr
investigations have relied mainly on composite and objective indicators of wellbeing (Diener

& Suh 1997, Canaviri 2016). Investigating subjective wellbeing could impghawguality of
studies because it -alualcuepdsecdn ang fealingd, whicls s o c i
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assign meaning to the received ecosystem services and benefits (Cavidariin 2015).
Literature has also pointed lack of conceptual frameworks and models as one of the
hindrances to understanding the complex interrelations betweeman wellbeing and

ecosystem services (Delga&oMarin 2016).

Therefore, in line with the MA (2005) framework of linkages between ecosystem services
and wellbeing and the revealed vital role of subjective aspects of human wellbeing, chapter
four of thisthesis pursues to identify appropriate indicators of cultural ecosystem services

and their connection to subjective human wellbeing.

1.4.5 Ecosystem services and natural resource management policy

As a follow up to section 1.4.4, this section adds to theityual the thesis by emphasizing

on the resource management policy as one of the key frameworks of ensuring positive and
simultaneous transformations of ecosystems, biodiversity and human livelihoods. A
responsive resource management policy is a refleatf close consultations among local
people, resource managers, scientists and polakers. What is important for the reader to
note of this section is thahanagement has more do with human beings as subjects of
divergent philosophies, ideas and opmsp than to do with ecosystems, biodiversity and
other natural resources, which are mainly seen as objects of manipulation to meet human

demands

Therefore, policy makes thaim of the ecosystem services approawtre inclusive in
ensuringthe protectionof biodiversity, sustainable utilization and management of natural
resources antb enhancéuman wellbeing (Braakde Groot 2012, Maes et al. 2012, Maczka

et al. 2016, Grizzetti et al. 2016). The approach thus is concerned about the steps and actions
tha entail how ecosystem services are produced, accessed, distributed, consumed and
enhanced (Chee 2004). These steps and actions interact and hence require policies that can
guide, regulate, control and manage the interactions. To guide the policymakaegpro
studies of ecosystem services have generated new information by demonstrating how

biodiversity and ecosystems contribute directly and indirectly to ssm@momic
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development and the overall human wellbeing (Hou et al. 2015). As consumers of the new
information, policymakers and resource managers are expected to adoptbagtde
decisions and solutions to problems associated with the hemaronment interactions

(Maes et al. 2012). For example, ecosystem services mapping has enabled policyntbkers a
decisionmakers to spatially identify areas that are degraded and in need of protection, in
order to restore biodiversity anm be able to supply ecosystem services in the future
(MartinezHarms& Balvanera 2012, Burkhard et al. 201B) practice, théeuropean Union

(EV) is adoptingthe ecosystem services approach in designing policies of crucial sectors
such as agriculture, freshwater, marine, forests and biodiversity conservation (Maes et al.
2012, Maczka et al. 2016). For example, the second tafgbee EU Biodiversity strategy

2020 focuses on the maintenance and enhancement of the ecosystems and their services, and
in the restoration of 15% of the degraded ecosystems by.2@Pthe international scene, the
Intergovernmental Sciend@olicy Platfomm on Biodiversity and Ecosystem Services
(IPBES} provides institutional support and technical capacity to member countries in support

of policy initiatives that enhance biodiversity and ecosystem services @dti@dme 2015).
Concerning the scale of &sment, Perrings et al. (2011) argue that impacts of biodiversity

and ecosystem services can occur at local, national, regional and/or global levels. However,
assessments of biodiversity and ecosystem s¢
geogaphical scale consistent with capturing all relevant effects of the biophysical and social
processes involvedo (Perrings et al. 2011, F
potential to; precisely identify relevant biodiversity and ecosystenvices, accurately reflect

the impact of ecosystem services on human wellbeing, and can immensely inflnence
delivery of ecosystem services to-taway regions (Seppelt et al. 2011). In spite of the merits

of local spatial scale assessnsauitbiodiversity and ecosystem services and the possible far
reaching impacts of the respective policy decisions, a global review of studies on ecosystem
services revealed a small number of studies at local spatial scale (Vihervaara et al. 2010). In
addition to spatil scales that communicate the location, distribution and intensity of impacts

of biodiversity and ecosystem services, temporal scales relate to the rate at which natural and

anthropogenic processes occur and their effects realized (Perrings et al. 2011).

5 https://www.chd.int/nbsap/about/targets/eu/
8 http://www.ipbes.net/abouts
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Anthropogenic processes and impacts are typical phenomena in areas of high population
density and are characterized by spatially and temporally changing biophysical, social and
demographic aspects. Rarban areas are examples of such secwlogicalsystems that

are experiencing widespread and rapid changes in biophysical anddsawmgraphic
components (Roy et al. 2012). For example, nearly 60%eabtal global population wilbe

living in urban and pernurban areas by 2030 (Cai et al. 2017) &80 of the projected
population wil be contributed by the developing countries (Haregeweyn et al. 2012).
However, Luederitz et al. (2015) found a biased spatial distribution of urban ecosystem
services6 studies, par t i coutlofahe POt iddntified stAdies. i c a W
The underlined biases in the spatial di stri
number of ecosystem services studies at local spatial scale, and the reluctance to investigate
ecosystem services in urban anerjurban areas, are a hindrance to revelation of vital
information necessary to enhance a sustainable natural resource policy. This thesis responds
to fildl the gap by investigating provisioni
perturban areaSecond, the natural resource policy of selected resources (see elaboration of
Chapter 5 below) is analyzed to assess its suitability in accommodating ecosystem service

approach in biodiversity and natural resource management.

1.5Case study

The rationale for selecting the case study bases on the revealed interesting urbanization
trends within the historical, developmental andimmmental transformation iAfrica (see
subsection 1.11.4). For example, the thesis sought a case study with charactasisiical

trends analogous to the SFBBA relationships in the urban areas during the Iron Age and
contemporary time. Similarly, the target study area ought to have expected socio
demographic trends aéh portray a course of land use dadd cover transfanation over time.
Finally, owing to the theoretical understanding presented in the above setfi®nase study

has expected dimensional changes in the provision of ecosystem services in lingnevith
expectedspatial and sociadlemographic changes. Indidon, for the case studip be decided

upon, itwas to show peculiarities ofcertainperiurban area.
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Since there is no pedrban area with established administrative boundaries in Kenya, the
target case study was to be delineated partly from astratively defined boundaries of a

rural predominated County and an urban predominated County. Therefore, the case study
area was delineated from Kiambu and Nairobi Counties in Kenya, such that the part within
Nairobi County in the south is predominantigban and the part within Kiambu County in

the north is a characteristic rural area. The sautpart of the study area falls within the
suburbs of the Nairobi city, which is also the capital of Kenya. Nairobi was established in the
1900 asanurbanarea became t he Kenyabds capital in 190
(KNBS 2012). In 1950, the population of Nairobi was 140, 000, which constantly increased
to an estimatechumber 0f3.9 million personsin 2015 (Bosire et al. 2017). The physical
boundary of the Nairobi urban area kept shifting outwardly from 1906 until it stabilized in
1963. From 1910 to date, the Nairobi urban area has almost doubled from 384 to 695 square
kilometres (Bosire et al. 2017). When Nairobi became an administrative cemti®a5,

Kiambu County (formerly Kiambu Province) remained an agricultural zone for coffee,
cotton, pyrethrum and dairy farming. Today, the County is still predominated by rural
lifestyles, wherethe majority of land ownership is under freehold categoryittd deeds as

opposed to land ownership by lease in the urban areas.

The delineated study area for the thesis thus covers an estimated area of 793.15 square
kilometres and an approximated population of 1.6 million pedplg. 5). Details of physical
conditions such as the land cover/ land use types, rainfall, altitude, soils and the socio
demographic informatiofl Ma k ac hi a 2 0 & 10lima R@0A) lara mprovided in

chapters two, thredour and five.
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Figure 5: Geographical location of the study area

1.6 Objectivesand structure of the thesis

From the above sections, it has been noted that several gaps in ecosystem service research in

Africa exist and they are in need of urgent solutions. The gaps include:

a) Despite the critical challenges related te #tological, social, economic and political
dynamics facing Africa, there is limited knowledge on the management of socio
ecological systems in pearban ecosystems.

b) Many African countries are endowed with a diversity of natural resources and hence

there are opportunities for these countries to contribute to the global ecosystem

services (e.g. climate regulation) and to an efficient global system of resource
production and consumption. However, in comparison to the other continents, global
scientific rewews reveal few studies of ecosystem services mapping and assessments.

Rapid land use and land cover changes in urban andnsam areas are direct drivers

of biodiversity loss and diminished ecosystem services. However, interdisciplinary
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approach thatauld offer an adaptive management of urban andy&an areas in
developing countries in Africa is lacking.

d) Most methodologies for the ecosystem service research are inapplicable -in data
scarce areas and where expertise is limited in most countriddda.A

e) Some conceptual ideas in the ecosystem service research have remained at the
t heoretical stage. Fresponsesin ahen PRSER, modelhaed ¢ o mp
t healue® a bedefitdhi n t he Oecosystem service cC.
independenti defined and described in the literature. However, this thesis develops a
new conceptual framework based on field data and experiences that emanated from a
practical case study where scieqpmdicy interface is realized through o

management of naturalseurces by both the community and the government.

These research gapsspired this thesis to investigate ecosystem services at a local spatial
scale in a pefurban area. Due to data scarcity and limited expertise in the area, the thesis
applies methodshat literature proposes as suitable for mapping and assessing ecosystem
services in areas with similar characteristics and limitations. First, the aim of the thesis is to
use the state of art in ecosystem service studies in Africa as a guide, in cagetytdhe

most appropriate available tools and methodologies depending on data and expertise
availability. Second, the thesis wants to develop new knowledge and applicable solutions to
the identified gaps by engaging local people, decisiakers and expes through
spatiotemporal mapping of ecosystem servicea &ical spatial scaleFurther, the thesis
explores on simple ways to communicate science to the local people and practitioners in
order to understand the linkages between ecosystem serviceshanuhtural resource
management policy. The four specific objectives and their respective questions are presented

in Table 3, and are briefly elaborated as four chapters of this thesis.

Table 3: Specific research objectives and questions.

Objective and central question  |Specific questions

To assess the extent to which stuAre e c 0 s y s t e mstudies rhamogemossty distributed ac
of ecosystem servicehave beelocal, regional and national spatial scales in Africa?
1. (conducted in Africa.
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How is the science of ecosys
services applied in Africa?

)Are the numbers of stigs referring to quantification 4
qualification, mapping and economic valuatioreobsystem servic
in Africa similar?

\Which are the methods and tools applied in tluelys of ecosyste
services in Africa?

To investigate the sfiatemporg
changes in land use and landve
and th& influence on regulatin
ecosystem serviGe p o b i@ itht
periurban area.

To what extent have tHand use and land covehanged over time?

How could interviews with local people be used to obtain pot
values of variousland use and land covetlasses to provig
regulatingecosystem services

Whch are the
changes in land use and land cg
and how @ they relate to th
potentiak of regulating ecosyste
services in the petfirban area?

spatiotemporHow do theland use and land covehanges influence the poten

of the area to provide regulatiegosystem servic@s

Can the matrixmethod of mapping reguiag ecosystem servig
potentials reliably work in datecarce area?

To explore opportunities for log
people in selecting indicators that
relevant to establish linkag
between cultural ecosystem serv
and human wellbeing.

How cancultural ecosystem servicasdicators be identified?

How can cultural ecosystem servicesdicators be qualified usi

social, cultural and psychological sciences?

'Which role can local people play,
identifying relevant indicators

cultural ecosystenservices in the
locality and how do these indicat

How are cultural ecosystem servicemnd human wellbeir

interconnected?

influence human wellbeing?

What do the interconnections communicate to the local p
decisionmakers an@cosystem servis research communitigs

To examine the relationsh
between provisioning ecosyst
service potential, demand and

\Which are the demographic details of the people in the study ar,

natural resource policy in the
urban landscape.

How dces the biophysical potential for provisioning ecosy
service change over time?

How are the potentials a
demands of provisioni
ecosystem services relate to

\Which is the revealed demanal the provisioning ecosystem ser
in the area?

existing natural resource poli
in the periurban area?

Which are the strengths and weaknesses of the existing
resource policy?
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In Table 3,0objective onecontributes to the aim of this thesis by striving to reveal the trends
in ecosystem serviceesearch in Africa (gaps 1.6 (a) and (b)). Apart from identifying the
general distributions of studies of ecosystem services in the continent in relation to the
specific country of the case study (Kenya), the results will give a platform and a reference to
build on the existing ecosystem service research in the other countries.

Objective twowill provide information on bridging gaps number 1.6 (c) and (d) above. The
information relate to the rapid rate of demographic and land use and land cover changes,
which pose a critical challenge in the provision of regulating ecosystem services-in peri
urban areas. In cases where land fragmentations and ecosystem destruction adjacent to the
expanding urban areas are taking place, the matrix model of spatiotemgmpaihgn of
ecosystem services would offer explicit spatial maps that informs decisions on the most

appropriate management actions to be taken.

Objective threeseeks to adopt a botteap approach in identifying relevant and meaningful

indicators of culturalecosystem services and human wellbeing, hence targeting at gap
number 1.6 (e). This objective acknowledges the local environmental knowledge of people in
identifying and ranking what is beneficial and valuable to them. This is because satisfaction
level from ecosystem benefits and values, especially in the topic of subjective human

wellbeing differs from one culture to another.

Objective fourcuts across all the five gaps listed above because it connects demographics,
ecosystem service potentials, ecosgstservice demand and natural resource policy. One
way of improving natural resource management for a thriving biodiversity and ecosystem
services provision is through scientific methods, which can increase data quantity and
improve its quality for accurgcand reliability. The second way is to have a responsive
natural resource policy. Since in most cases resource management policies develop outside
the defined scientific methods, they are mainly affected by social, economic and political
interests. Consegntly, they are fraught with errors, redundancies, weaknesses, conflicts and

limited knowledge. Therefore, the focus of objective four is to bridge the gaps by analyzing
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policies that guide the utilization of various natural resources, and thereby &hgieaors,
conflicts and promoting the existing synergies.
The four objectives and their respective questions are covered byclaytes under the

following titles:

Chapter 2: A review of studies on ecosystem services in Africa.

Host Journal: This chapter iublishedas a scientific article in thaternational Journal of
Sustainable Built Environmer{tJSBE). The main objective of the journal is to promote
research and innovations théteduces resources consumption, combats environmental
degraddion and creates better environment for living through the reconciliation of the
sustainability pillar®’. From the content of section 1.4.1, it was found that urban and peri
urban areas are hotspots of resource consumption, waste and emissions gea@dhtion,
degradation of biomes and ecosystems. The IJSBE thus strives to optimize efficiency by
targeting urban (and peurban) connectivity thereby closing loops of materials and services
flows and optimizing the use of both products and byproducts witkirsdlcieecological
systems, especially in humalominated environment$herefore, IJISBE was a suitable host

for the article, since the article also contextualized the ecosystem services studies in Africa

within theurbanization debate

Chapter focusand special contribution to knowledgel n | i ne wi t h hkehe | ou
chapter provides am-depth review of ecosystem services studies in Africa. The review

criteria enail the number of studies over time, the investigated categories and types of
ecosytem services, the spatial distribution of the studies across the continent, and the
methodologies and tools applied in the studéeswell as providingamong othersa spatial

distribution ofecosystem services studiesnducted inurban and perurban eosystems

Concisely, the chapter is a strong basis for further research in the continent.

The role of the chapterThe contribution of this chapter is to catapult the discussion of the

thesis topic from a continental view and to gather key informatiah ltars that are

7 https://www.journals.elsevier.com/internatiof@lirnal-of-sustainabléuilt-environmen(29.03.2017).
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relevant for building focus and further investigations on ecosystem services in the case
study. The chapter also gives the thesis specific details on how certain countries have made
deliberate efforts to integrate ecosystem servicearelein resource management and the

reasons for the discrepancies between countries, the applied methodologies and their

successes and failures.

Authorship: The author of this chapter is Peter Waweru Wangai, who is also the author of

this dissertation. @ aut hor 6s role was to independent |
collect and analyze all the required literature data, organize and write the results and
discussions, and to compile all other parts of the chapter. Besides, the author was fully in
charge as theorresponding authaoto the IJSBE during the external review process.

Co-authorship: The chapter was eauthored by Prof. Dr. Felix Muller and Prof. Dr.
Benjamin Burkhard who are also the supervisors of this thesis. The role ofalu¢hos for

this chapter was to guide and recommend on certain technical corrections, with an aim of
improving readability and ensuring a scientifically sound manuscript before submission to

the scientific journal.

State of publication:The chapter wagully publishedby the IJSBE as a scientific article,

and it was first available online on®$eptember 2016. The access rights to the article are
under the Open Access policy and it is freely accessible online by any interested individuals,
companies and institons. From 2% September 2016 to date, the article has been cited

once in a scientific article.

Chapter 3: Quantifying and mapping land use changes ral regulating ecosystem

servicepotentialsin a data-scarce region in Kenya

Host Journal: This chaper issubmittecto the International Journal of Biodiversity Science,
Ecosystem Services and Management (IMBESI J B E Sains fio improve our
understanding of the role of biodiversity in providing ecosystem services and of the

management systems needed ntaintain biodiversity and achieve sustainable use of
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ecosystem servio®s In Figure 1, biodiversity is enshrined within teosystem properties
and functiongcomponentlt follows that the state of the ecosystem at any given time greatly
depends on thengoing land use/ land cover dynamics, which may enhance or diminish
ecosystem functionthan culminate to thee c 0 sy st e méts propidete@systama |
services|n this case, the chapter title suits the aim of the IJBESM.

Chapter focusand special conibution to knowledgeTher ef or e, in line wi
aim, the chapter expounds on the spatiotemporal land use and land cover dynamics and their
influence onr egul ati ng ecosystéha chapedr sy i cond r iplou teinc
knowledge is demonsiting the applicability of the matrix method in an area where
knowledgeand data for mapping and assessing ecosystem servicdiraited. Further, the

chapter makes a deliberate attempt to register the possible uncertainties that are associated
with the echnical and casgpecific aspects in the process of adoption and adaptation of the
method to a study areavhich is a key guide to researchers who plan to venture in areas with
similar biophysical, social and technical characteristics

The role of the bapter:The chapter | inks to the thesis b
number two in Table 3 above. Secondl vy, t he
and 6dataedé6 from the topic of the tysdosi s. T

unlock the stalemate in conducting ecosystem service research #scdeta area, this

chapter makes a critical contribution towards that direction.

Authorship: The author of this chapter is Peter Waweru Wangai, who is also the author of
thisdisset ati on. The authorés role was to indepe
organize, execute and coordinate fieldworks and interviews in the study area, collect and
analyze the entire required primary and secondary data, organize and wnitsuhlis and
discussions, and to compile all other parts of the chapter. Besides, the author is (and will be)
fully in charge as thecorresponding authoduring the orgoing external review by the

IJBESM.

8 http://www.tandfonline.com/action/journalinformian?show=aimsScope&journalCode=tbsn{2%.03.2017).
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Co-authorship: The chapter was eauthored by Pro Dr. Felix Muller and Prof. Dr.
Benjamin Burkhard who are also the supervisors of this thesis. The role oféu¢hoos for

this chapter was to guide and recommend on certain technical corrections, with an aim of
improving readability and ensuring aiesatifically sound manuscript before submission to

the scientific journal. Secondly, the-eout hor s6 expertise that i S
include landscape ecology, mapping of ecosystem services, development of ecological
indicators, and with diversexperiences in coordinating research in diverse ecosystems
including urban areas under the European-&daan land Use Relationships (PLUREL)
project, and hence they were consulted on the subject matter in line with their expertise.
Thirdly, the ceauthos in their capacity as supervisors contributed to the logistics and
administrative works involved in acquiring research permits and data from the host country,

and in making commitments to meet publication fees for the article.

State of the publication:The chapter wasully submittedto the IJBESM as a scientific
article on 1 March 2017. lts status on the journal
(10.05.2017).

Chapter 4: Contributing to the cultural ecosystem services and human wellbeing

debate: a casestudy application on indicators and linkages

Host Journal: This chapteris publishedin the Landscape Onlingournaf. Among the
subject areas covered by the journal, indkcatorsrelated to landscapes. Landscape systems
are viewed from the persptive of couplingsocietal and natural systemswhere human
impactson-, valuesand perceptionsof the landscape systems are all crucial for a holistic
theoretical and practical understanding. In addition, the journal supports scientific articles
that taget improvement ofsystem approachesand conceptual modelsbased on

interdisciplinary research

Chapter focusand special contribution to knowledgd n | i ne wi t h hishe | ou

chapter explores the interlinkages betweeltural ecosystem servisandhuman wellbeing

9 http://www.landscapeonline.de/abdhbts-journal/scopeg29.03.2017).
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within the framework of asocioecological systemIn particular, the chapter presents
pragmatic steps of linking cultural ecosystem senfloe/, Driver-PressureStatelmpact
Response, and the ecosystem service cascade. Besidebapier makes proposition of a
practical termsthat areeasy to understandespecially when using thecosystem service
cascadeto discuss natural resource management optionslegti people policymakersor

any otherstakeholders with limited ecologiclhowledgeln the end, the chapter presents an
improved conceptual modshowing how cultural benefits and values from ecosystems can

be translated into an improved natural resource management policy.

The role of the chapterThe chapter linkstothettei s by responding to t

number three in Table 3 above. Secondl vy, t h

well beingd, which are derived from the topic
scientific connection betves ecosystem services and human wellbeing, the chapter remains

a key pillar in demonstrating such interrelationships and communicating their meaning to the

ecosystem management and resource policy in the study area.

Authorship: The author of this chaptés Peter Waweru Wangai, who is also the author of
this dissertation. The authoroés role was to
organize, execute and coordinate fieldworks and interviews in the study area, collect and
analyze the en#r required data, organize and write the results and discussions, and to
compile all other parts of the chapter. Besides, the author was fully in charge as the

corresponding authoduring the external review by the Landscape Online journal.

Co-authorship: The chapter was eauthored by Prof. Dr. Felix Muller, Prof. Dr. Benjamin

Burkhard and Dr. Marion Kruse. The role of theaaathors for this chapter was to guide and
recommend on certain technical corrections, with an aim of improving readability and
ensumng a scientifically sound manuscript before submission to the scientific journal.
Secondly, the c@uthors were consulted on relevant questions to the chapter, which were
within the ceaut hor s 6 expertise such as | andscape
derivation of ecological indicators, and in line with their diverse experiences in conducting

research on cultural ecosystem services and smutgical systems. Thirdly, in their
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capacity as supervisors of the whole thesis, Prof. Dr. Felix Muller avfd Pr. Benjamin
Burkhard contributed to the logistics and administrative works involved in the acquisition of
research permits and data from the host country, and in facilitating payment of the

publication fee for the article.

State of the publicationThe chapter watully publishedin the journalLandscape Online

on 29" March 2017 as a research article. The access rights to the article are covered under
the Open Access policy and it is freely accessible online by any interested individuals,
companies iad institutions.

Chapter 5: Assessment of provisioning ecosystem services amtated natural resource
management policy in the peri-urban landscapes of Nairobi-Kiambu transection,

Kenya.

Host Journal: This chapter will besubmittecto the journal oLand Use Policy The journal
Aaims to provide policy guidance to governments and planners and it is also a valuable
t eachi ng ! As paa wfthe dénterdisciplinary topics, the journal covesscial
economi¢ physical and planning aspectsland usein bah developingand developed
countries.Essentiallythe journal provides a platform for sharimgerdisciplinary ideaghat

are useful for formulatingffective urbarandrural land use policies

Chapter focusand special contribution to knowledgdé\fter the mapping and assessment of
ecosystem services and demonstrating their linkages to human wellbeing in the previous
chapters, chapter 5 introduces the concept of ecosystem service potiaihnd and
externalities,which are related to thbiophysicaland social dynamicsof the peri-urban
landscapes In order to operate within the biophysical and social dynamics, the chapter
navigates through the seftional policy guidelineghat (in)directly influenceecosystem
servicesthrough themanagement of natal resourcesin the area. By focusing on food,
water and energy provisioning ecosystem services, the chapter opens a platform for

interrogating the synergies, strengths, weaknesses and conflicts of mandates, authority and

10 hitps://www.journals.elsevier.com/langepolicy (29.03.2017).
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obligations related to the thregosystem services, which could influence land use dynamics
and the provision of ecosystem services in the-pdran landscape.

The role of the chapterThe chapter | inks to the thesis b
number four in Table 3 abov@®ne of the expected fundamental milestones of this thesis is to

O0i mprove resource managementd as reflected i
socicecol ogi cal framewor k of analysing natura
resource maamg e me nt 0. Since all chapters of this t
management, the process of policy analysis that is emphasized in this chapter helps in

codifying all the 6thesis partsd into a 6t he

Authorship: The author of tis chapter is Peter Waweru Wangai, who is also the author of
this dissertation. The authoroés role was to
organize, execute and coordinate fieldworks and interviews in the study area, collect and
analyz all the required data, organize and write the results and discussions, and to compile
all other parts of the chapter. Besides, the author will be fully in charge asrtheponding

authorduring the external review by the journallaind Use Policy

Co-authorship: The chapter was eauthored by Prof. Dr. Felix Muller, Prof. Dr. Benjamin
Burkhard, Dr. Marion Kruse and Dr. Wilhem Windhorst. The role of thawhors for this
chapter was to guide and recommend on certain technical corrections, witm aof ai
improving readability and ensuring a scientifically sound manuscript before submission to
the scientific journal. Secondly, the consultations from thawhors are only on relevant
guestions in line with their expertise in landscape ecology, eers\s#rvices, development

of ecological indicators, applied system analysis and development of integrated management
schemes, and with diverse experiences in conducting research on innovative use of
ecosystems and management of s@wological systems. Tidlly, in their capacity as
supervisors of the whole thesis, Prof. Dr. Felix Muller and Prof. Dr. Benjamin Burkhard
contributed to the logistics and administrative works involved in the acquisition of research

permits and data from the host country.
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State of the publication: The chapter igeady for submissiomas a research article to the
journal ofLand Use Policy.
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Abstract

Assessments of ecosystem servi ces pplE&y demane take placeih disfinative pétternsiirc a
Africa due to the continentds characteristic spat i eamenhesowaeo g€
management conflicts, and fragile political landscapes,galeith current industrialization and urbanization processes.-igmce of the
dynamism of these parameters could diminish the capacity of drexetit ecosystem service providing units (SPU) to satisfy the demands in
the ecosystem service benefiting areas (SBA) in Africa. The main aim of this review article is to assess the extenE® sthittbs have
been conducted and applied in Africa. Thiview analyzes those articles accessible online via the ISI Web of Science and open acce:
journals. The online search yielded 52-efted studies, which were used for the review. Results indicate that most studies were conducted
South Africa, Kenyand Tanzania, and focused on services provided by watsrahddcatchment ecosystems. @ally, most of the studies
focused on more than one ES category. Provisioning ES dominated across all the ES categories. Howeverd &€ @ndadgoergies were
barely addressed. Economic valuation of ES and ES mapping comprised more thanatters of all the studies, and a quarter referred to
biophysical quantification or qualification of ES. There are emerging alternativenoetaryal-uation methods for ES, which could pave a
new way of capturing value of nanonetized ES in Africa. Moreover, there is an urgent need to extend ES studies to the entire continent,
order to capture spatial and seeiconomic uniqueness of variousuotries and focus more on loesdale assessments of multiple ES, as a
means for addressing ES trades synergies and SPSBA relations in Africa.
©2016 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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1. Introduction nium, ES have increasingly become a topical issue for

research and discussianscientific forumsI(1A, 2005;

Africa hosts an estimated population of 1.1 billion people, TEEB, 2010; Mu'ller and Burkhard, 20jL hot only at
with an annual population growth rate of 2.3WwNEPA,  globallevel, but also in Africafgoh et al., 2012
2011). This population, like any other, depends on a centin
uous supply and flow of ecosystem services (ES) from naturkl. Ecosystem services
to society. However, ES providing units (SPU) and benefit
ting areas (SBA) are relatively unevenly distributed across The conceptobecosystem services?d
Africa (SernaChavez et al., 20)4 For example, the Africa development, tracing back to the middle of 1960s and

Environment Outlook (2013) stipulated that 66% of Afria 6 sbeginning of 1970se Groot et al., 2010; Braat and De
total surface area is deserts and arid lands, and that orfffyoot, 2012; Herna'ndedorcillo et al., 201} The
26.9% of the total area is viable arable lasbt(la et al., Millennium Ecosystem Assessment (MA) (2008gfines
2009. However, large parts of Africa are rich in naturalec osyst em services as 00the
resources such as tropical forests, freshwater lakes, rivers, @gosystents Costanza et al. (199postulate that ecosystem
minerals and biodiversity=(bra, 2013; Holland et al2012; ser vi ces ¢ o mp ofi materialg fenergy,6 &nd o w
Green et al., 20)3These resources are vital SPUs thaltl  informatiorofrom the natural environment to the societyu
significant amounts of natural capital, or deliver abiotic(2014)def i nes ecosystem service
outputs from natural systems, such as oil and minerals. Thterive from biodiversity and ecosystem fuiansd Other
spatial mismatch between SPU and SBA is furtkeacer  definitions focus on a rge of services including: ecosystem
bated by frequent resource management conflicts, politicdleneifts to human welbeing, ecosyem goods and services
instability (Miguel and Gugerty, 2005 ecosystem degrada to humans, value derivation by humans from ecosystems,
tion (Masese et al., 2013; Jalloh et al., 2012; Green et aldirect/indirect positive contriliion of ecosystems to human
2013, droughts, diseases, poverty, and inadequate knowlvell-being, and utility from ecosystem&r(cksen et al., 2012;
edge on humaenvironmental system dynamics and interre Fisher et al., 2009Muller and Burkhard, 2012; Sagie et al.,
lations Basedau and Pierskalla, 2017 he latter is vital for 2013; Costanzat al., 1997. It is noted thasome authors use
methodological development, assessment avadysis of ES either an edogical or econonu perspetive in defining
potentials, flows and demands across AfricaChstanzaand  ecosystem seices (Jax, 201). However, distinguishing these
Kubiszewski (2012)have shown, there were only eight two perspectives is notithin the focus of this review.
authors from Africa that have published more than five papers The interest in ecosystem services has greatly increased
on ES. Howeversince the turn of the second milen after the publication of thdillennium Ecosystem Assess
ment (VIA, 2005; HainesYoung and Potschin, 20).(Beyond
the MAG6Gs contributions to th

1 http://www.unep.org/pdf/aeo3.pdf
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theoretical development of the ES framework, the ES-coman approximated 60% of the global human population will be
munitybés focus is now i ncr évagin citigslby 2030 Radibrt and dames, @Y with 80% me t
and results improvement, application and addressing involveaf these projected changes expected to take place i low
uncertainties lainesYoung and Potschin, 201de Groot et income countriesHaregeweyn et al., 20),2such as those in

al., 2010; Portman, 2013; Jacobs et al., 2046y et al., Africa. More rapid urbanization is already taking place in
2014). This paper is motivated by the clear néedviden the  SubSaharan Africa and Asi@(haug and UrdaR013. With
knowledge base for applications of the ES framework irthe current ppulation projections of two Hbibn people in
Africa, meethg human demands, especially in fgstwing  Africa by 2044 UNDESA, 2013, it is obvious that human
urban and perurban areas. Furthermore, it is widely acceptecenvironmental interactions, and ES supplyd ademand

that a universal ES categorization igedult, because ES and patterns will change. ES demand will increase with rising
the humarenvironmental systems in which they arepopulation density in urban areas. Thereforesegeant ES
embedded, are often based on egmeific abstractions flows need to be created and maintainetNDESA, 2013).
(Costanza, 2008; Burkhard et &012. Nevertheless, all ES Conversely, whenever ES flows to urban areas diminish, or
definitions acknowledge a linketween ecosystem processeseven stop due to overuse, misuse or mismanagement, ES
and structures, ecosystem functions, ecosystem servicelemands will exceed supply. This could cause enwieial
benefts and human welbeing (MA, 2005; HainesYoung  degradation, and result in an undersupply in vital ES, such as
and Potschin, 20)0 Although to date many publications water shortages/scarcity, lack of food and other products or
recognize humans as integral part of ecosystémslier and loss of cultural services such as landscape esthetics.
Burkhard, 2012Pagella and Sinclair, 20),.humans mostly Environmental degradation can also result in ecosystem
exploit, or sigificantly modify, ecosy®m components. disservices sut as poor draiage/flooding, pest and disease
Hence, the retionship between ecosystems and humaroutbreaks, or air and noise pollutiongdkov and Burkhard,
beings can be characterized as bemgymmetrical and 2012; Go'me®Baggethunand Barton, 2013 increasing the

disharmonious. likelihood of humarconflicts.
When ecosstem disservices emerge, theuent class of
1.2. Contextualizing ES in thebanization debate urban residents tend to move to the exurbs to continue

receiving a constant flow of better quality EBigkett and

Ecosystem degradation currently taking place in AfricaGrove, 200%. Similarly the poor urban resdts,who can be
(AEO, 2019 is comparable to that which took place duringcharacterized by insecure and poorly paid jobs, also move
the industrial revolution of the 19th century in Europaita fr om the cities6 Central Bu
and Akeoyd, 2009. Economic activities associated withci t i esd peri pheries. In thes
urbanization attract large numbers of people, leading to higlandscapes (e.g. public forest for fwabod) and are thus
population densite at sites where jobs are awhle. The often cheaper and easier to accéssi{ambault et al., 20)2
colonial administration had a strong impact on humarft the periphery of cities, ES are more often exhibiting a
mobility, land use and urbanizan in Africa. For example, 6 publ i ¢ good characterd, t ha
the Maasai community from East Africa lost 60% of theirexcludability of anybody from accessing ateer good or
communal grazing land to the British colonial administratiorservice Costanza et al.1997) from an ecosystemwhich
between 1904 and 191Er@tkin andViearns, 200§ which is  could lead to environméal degradation. Environmental
partly the current Nairobi citfMakachia, 201). Africans degradation could be through overexploitation, pollution and
were not allowed to grow cash crops and most Africans wer@ismanagement of & In order to undstand the spatio
confined into small villages. The confiscated lands becam@mporal dynanes of social, economic and ecological
administrative and economic centers of the coloniabtructures, urban and peniban areas are becorgia critical
governments Fratkin and Mearns2003. This encouraged subset of the lager ES assessments(re et al., 201
urbanization, as people souglemployment from the
introduced market economy. At the same time environmentdl-3. Aims of theeview
degradation occurred, due to the higlpylation densities in
tribal villages Fratkin, 2009. Fratkin (2005)further argues Generally, the process of ES assessment faces challenges
that pastoralism ikvelihood that requires extensive land area,of appropriate ES identification, indicator formulation, data
and hence in cases of larfthgmentation, overgrazing is acquisition, quantification, interpretation and inleet
inevitable. These urbanization andnda fragmentation uncertainties Burkhard et al., 2009; Jacobs a&., 2015; Hou
processes evéamally led to the emergence of permanent urbaret al., 2014; Vrebos et al., 2013n order to beer prepare a
societies. comprehensive ES assessment in Africa, this review paper

Today, the global urban population is already higher tha@im$ at gathering information about ES research in Africa
50% (/Vu, 2019 and it is expected to reach more than 67% b))""th a focus on spatial diskrition, criteria and methodologies

. sed in the studies.
2050 (UNDESK, 2019). Other studies reveal that usedt udl

2UN Department of Economic and Sociah Airs
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regions receive less than 100 mm per annuiichlson,
1981). The central region is characterized by ewezen

ES

ASSESSMENTS tropical forests such as the Congo Basin in the Democratic
Republic of Congo (DRC) and the Kakamega forest in Kenya.
Es These areas 6act \@ersity, tinber,e r v
quantification .. . .
Jqualification medicinal plants, and play a critical role in watershed

pr ot e Eashing et &l., 200454). The southern region is
mainly characterized by bushlands, woodlands and savanna.
The African tropical forests and the sawa grasslands
ES economie contain hotspots of biodiversity, which have been recognized
and mapped byyers et al. (2000)Africa is popular for its
geographical features such as the Great Rift Valley and Mt.
Figure 1. Conceptualized perfect casegfial contribution of economic Kilimanjaro, the highest mountain Africa with a height of
valuation, mapping and quantification/qualification to ES assessments. 5895 m a S,H(lemp 2003, Lake Vidoria with a total surface

area of 68,800 kﬁ1(the second lgrest freshwater lake in the
world; Swallow et al., 2000 Lake Tanganyika with depth
of 1,470 m (the second desgt lake in the worldCohen et al.,

. Are ES studies homogenously distributed across localgg3 ~ and unparalleled archeological evidence of human
regional and national scales in Africa? evolution in Africa Gemaw, 200D

II. Are the numbers oftgdies referring to ES quantifica
tion/qualification, ES mapping and ES economic val
uation studies in Africa similar? 2.2. Specific ecosystem services

The review explores two questions:

From the two questions, we conceptualize a mind map of Adequaé and sustainable supplies of multiple ES are
distribution homogengi and proportions of case stad for  required in order to meet human needs, sustain livelihoods and
ES quantification/qalification, mapping and eoomic safeguard productivity(rebos et al., 2075 However, Africa
valuation in Africa (seeFig. 1). This review is further has a remarkable spatial heterogeneity of SPU. The
contextualized within the population projections for Africa in heterogeeity of ES supply goes along with varying demands
the next thirtyyears. Therefore, it is impeiee to review the for ES across countries and regions in Afri@agch et al.,

ES reseatitin Africa to date. Moreover, it is useful to assess)012: SernaChavez et al., 20)4The ipcd (1997 predicts
wheter results can address thejpeted critical concerns of  that dimate change will cause further desiication in Africa,
ES supply and demand patterns in the spatially heterogeneq@gding to additional changes in ES supply and demand.

continent Busch et al.2012). Besides global changedects, deseffication in Africa is
further driven by local humaimduced actions such as

2. Africa in context deforestation and unsustabl@ production systems. Such
developmentscan often be linked to incréag population

2.1. Natural conditions of Africa numbers resulting in higher demands for BESCC, 1997. ES

undersupply can result in: (1) resource conflicts emerging
Africa has an area of 30 million Krand is th d specifically in arid and semiarid regions, (2) degradation of
'S The secon fragile SPU such as wetlandé/éngai et al., 2003 and (3)

largest continentNEP, 2007°. Currently, it has 54 sover  t,iling response mechanisms due to inadequate el of
eign countries recognizday the United NationshEO (2013)  ,umanenvironmental sysms. Africa has  several

confirmsthat 66% of ke total land area is charadted by  paracteristics that rka certain ES unique for human well

arid _r_md desert conditions. The remaining .44% haV%eing. These characteristics include human and development
conditions favorable for human settlement (covering X¥8,4 history, geographical location on the globe, climate and

2 .
km?) and food production (on 2,292,000 kKAEO, 2013, biodiversity, socieeconomic mobility and the role in

These areas also have high potentials fodustrial —geopolitics, which have all interactively and igvely

development (availability of raw materials) and conservatiofnfiyenced the demand and supply patterns of ES.
activities {(Veil et al., 200 The mean annual rainfall ranges

between 1500 mm at the coast of West Afrie&ahir and

Gong, 1995 to 100 200 mm in the north and Sahel regions2.2.1. Provisioning ES

(Nicholson, 198). The equatorial region is characteriZey A critical provision ESisvat er . The cdat i r
relatively high mean annual rainfalls of 40800 mm, with  annual water availability is 4008 3nwhich is below the

some pnes receiving mean annual ffaifs of more than 1600 glopal annual per capita of 6498 (TEEB, 2010. Fresh
mm (Nicholson, 198). The desert

4 . . .
3 http://www.unep.org/geo/geod/report/géoreport_full_en.pdf https://www.ipcc.ch/pdfispeciakports/spm/regioen.pdf
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water scarcity is also prjted to rise from 47% in the year 1997). Between 1900 and 2010, the frequency of drought
2000 to 65% in 2025B@tes et al., 2008 The scarcity is events has increasedAHO, 2013. Barrios et al. (2008)
understood in the context of the competing freshwater demamdported that 60% of alfrican countries are vulnerable to

for agriculture, industrial and domestic usdédisa et al., dr ought , wi t h 30% cl assifie
2011). This means that water supply and the main SPUs sudbesertification Hulme et al., 200). soil erosion, loss of

as rivers, wetlands, lakes or groundwater reservoirs arglodiversity @eniston, 2008 and vectoborn€ diseases
related ecosystem functions such as grewater recharge (Tanser et al., 200)3are being accelerated by local and

(Kan_d_ziora_1 et al, 20)3are prio_rities for Airi_c_a. FOOd regional climate changes. For examplenser et al(2003)
provision is urgently needed to improve nutrition in MoStyggertedhat 90% of all global Malaria cases ocanrAfrica
countries in Africa, especially in citieSiart et al., 2005 504 that altitudinal Malaria zones shall increase 96 by

This urgency is caused by high food prices that are rising 00 . Africads trade and eco
beyon_d the aordabilty of many famlies in Africa, commodity exports (e.g. wood, cotton, cocoad ee, tea,
espemally the urbap_oor householdsSartet al., 2015‘_ The pyrethrum, beef and leatherpgaton,2010. The & orts to
Alrican Food Security Urban Netwqr(AF_SUN) conﬂrmeq maximize economic gains from griary commodities have
that 80% of poor urban households in Africa were Chron'ca"¥esulted in ovecultivation, overstocking, oveharvesting
food-insecue (Frayne andMcCordic, 2013. Although the and deforestation. These, actiigs have, led to regional

IFPRI® reported that by2013, Africa generallyreduced climatic changesHulme et al.2007). Floods have frequently
hunger by 23% as refemced from the 1990 Hunger Index, 20 devastated Africa, with th& | Ninédo floods
countries in Africa did not achieve the targef reducing over 4000 peopleJalvin et al., 200). An upsurge of cholera
undernourishment below 5% between 1992 &a2@l5, and typhoid ws alsaecorded and food crops perished, due to
stipulated in the Millenium Development Goal 1c (MD&) prolonged rains beyond crops harvesting tirsel{in et al.,

on eradicating huger (FAO7, 2015. Cases of malnutrition, 2001). A plawsible climate regulating ES program would be

poor food production, nefunctioning food storage systems, vital for socioeconomic and ecological stability in many

and the overarching goal of food security, are key challengéggicns (velarde et al., 2005 Urban and perurban air

for the continent FAO, 2013. Food insecurity in North pollution due to vehicular teac and industrial processes poses

Africa is partly caused by food losses and wastage betweéweats to millions of residentsSétari and' Bom?”ZOOF‘?-
production and disbution stages. The food losses andThIS can be relgted to.an undersupply of air quakigulating
wastage in North Africa stand at 68% of total food preducES @nd poor air quality control policies. As a consequence,
tion, whereby losses and wastage in urban areas are mainly?Xg" 14 million Kenyans suered from respatory diseases in
the consumption stagéAO, 2019. It is expected that the 2013 (DN). This requires concertedderts thraigh air
losses and wasge may be even higher in sBaharan Africa. quality and emission standards, law and regulations, and
Edorts to improve food production through cedtective ecolodcal practices, such as incr@ss green spacesNgo et
biological pest control, agroforestry projects, landal., 2015.

managemeﬁtand climateadaptive crop varieties are urgently

needed Nlbow et al., 201} Climatic change &ects are 2.2.3. Cultural ES

already casing hunger and loss of livetbods for many In 2000, tourism and recreation ES contributed an income
people in Africa AEO, 2013. For exarple, during a severe of 10.7 billion US Dollars in Africa Gauci et al.,2001;
drought in 2009, 84% of cattle and 77.8% of goats died in thBayissa et al., 2008 The market share of Africa iglobal

arid and semarid lands of Kenyg\Wangai et al., 20)3This  tourism increased from 3.3% in 1990 to 3.9% in 20061,
aa ected food security because livestock products such 8903. This ca be largely attributed to Aftia 6 s ri
beef, milk and blood form a major proportion of daily diet for pjodiversity (wildlife fauna and floraliasweraet al., 2009
the pastoralistic and nomadic communiti€salvin et al,  and culture. To safeguard tourism and reaien ES,

2001. biodiversity and cultural assets (monuments,rithge,
] artefacts and aesthetics) must be protectei€i et al., 2001;
2.2.2. Regulating ES Bujdoso” et al., 20158 bHowever, mass tourism and poor
Africads vulnerability ¢t oplaadingMad edestdyifg" h&uraP 'résourdes S BrougH |
tion is expected to escalate due to hummaipractices such as deforestation, degradation and pollutidtie(o, 2003. This is
deforestation and general land degradatiBCC, aggravated by climatic changé ects

Sinternational Food Polic Research Institute. http://essp.ifpri.info/
2013/10/14/2013)lobathungerindexghi-2/.

6http://www.africa.und p.org/content/rba/en/home/mdgoverviewtover

% Malaria causing female Anopheles mosquito genus is a major vector of
concern in Africa. I tos breeding i
temperature variation. Increase inmigerature attracts infestation by the

vi7evv/mdgll vector and this increases transmissions.

Zz?t;p.gé\?:lv;vf}fao.org/documents/card/en/c/e958965(0)7—4eeea965 10 Daily Nation, 12th March 2015Air you breathe in Nairobi may kilou,
coa says research. A publication of Daily Nation, @&wépaper from Nation
www.thelancet.com Company based in Nairobi, Kenya.
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across the continenBérrios et al., 2008 For example, a qualification, mapping or the economic valuation category
severe droughh 2009 caused death of 53.9% of zebra (EquuéseeAppendix A).

burchelli) and 26.5% of wildebeest (Conochaetes taurinus) in

the arid and sendrid lands of Kenya\flangai et al., 20)3  3.2. Terms used in the data collection

This led to a decline in tourism remues and loses of

livelihoods, with reduced economic ladits to the Maasai The analyzed 52 ES studies in Africa are presented in a
community and tour companies alik&gngai et al., 2003 table (inAppendix A) with information in 13 columns:
3. Methodology Column 1 numbering of studies;
Column 2 authofs) of each study;
3.1. Data collection Column 3: country ofa&liation for the first author;

Column 4: research institute, to which the first author is
The open search for scientific articles from the ISI Web obsdiated:;
Knowledge was basedno t he t er ms 006 e Caumy % year whenstre stidy waaimlly published,;
Africag O-arpae recosystem services Africa 6 0 u IChluann 6 refers to the country/countries, in which shedy
ecosystem services Africaoodwascondustedosystem services quant
tion Africag 66ecosystem s erovandc eGlummda:ptype wofgecosteinr (see aetails in sectiof);
66ecosystem ser WiThesestansvircluded t Golonan & f aategerg of investigated ES. (supporting,
words from the titles and from the keywords. The open seardpfovisioning, regulating and cultural ES);. _
resulted in a total of 709 scientific articles. These articles wer. f’,'gsrﬂ”agé q r,'#r;‘ts’ﬁﬂ q of ES assessed in the category(ies)
further cIassbiafnidedéédﬁﬂ)waéﬁ)hsbe?rgatl . ay. . .
i nterest of this r eoclasolthe o ourﬁln 10, Se V'ée Pw%m Uit SPLH)ian Service
. . ! . Befiefitthd Area (SBAT see®e péupat?o Below);
articles for furt her ficoaantadsy weres . | O?Ll't?/e L ccaled the stud lained below)-
characterized by: (i) use of the ecosystem services framewor oumn : pes of sca e study (exp ainea be OW)j
(ii) a mo d e of ES asse ol rpnnelz.'{node of 'fES assgslsmeﬂt%%plame Eeg)w), .and.
. . . . A M 13: methoaologles, framewo 00ls apghled in
quant|fy|ng/quallfy|ngo—atlonoE/t $ula‘y'?lpplngo, oecon cC Vv u
of ESG6, or offmuB S iapslsee snsomleent 6, and (iii) a spatial

basis either on the local, regional or national scale in Africa . .. . .
(as elaborated in Sectich?). Although urban and petirban Service Providing Unit (SPU) refers to the spatial extent of
n ecosystem or a sglt of an ecosystem that generates ES.

ecosystem services were not the main focus of this revie\@ . - : .
Y ervice Benefiting Area (SBA) refers to spatial areas hosting

they were evaluated as an important s@b of terrestrial o
ecosystems and in the debate on relationships between Ser\}?ce ef|C|_ar|es of generated ES. Whenever_ SPU an_d .SBA are
well-defined and malyzed, their spatial relatiships

Providing Units (SPU) and Service Befiting Areas (SBA) (connections andfeedbacks) are derived and geated.

as supported by the literatur€igher et al., 2009; Syrbe & .
: . However, whenever SPU and SBA are not defined and
Walz, 2013. The SPUSBA concepts further elaborated in analyzed, it is only the SRBBA physical direction that could

Section3.2 be assigned in the review. There are thpessible physical

The review focuses on assessments based on ES quaniifirections (in situ, omnlirectional and directional) according
cation/qualification, ES mapping, economic valuation of ESq Fisher et al. (2009)in situ refers to a class of ES that are
and muliplemode of ES asses stmennfoqucliFand Brsdindd At fite S&me spatial area.-Omni
means that the presentation of ES is conducted in clearny actional refers to a cds of ES that are produced ineo
defined figures such as kilograms of corn, fruits or ba“e)épatial area but flow to beficiaries in all direction.
from a given ecosystem i nppeiiondl lefér§ @ a dads™BCES AR hré FHuced B B
qualificationd6 r eheualy statoes ofs Gy £e8 put Rofv bidy i 4 spBcified direction, which
unquantifiable ES such as the pollution levels of air or th%ictates the beneficiaries.

preference rating of a recrefhiodoidad Red infis stud AR Roliolifi’the’ ©

ks and
omi

Geographic Information Systems (GIS) to reveal the spatia(ii(EfInGd spatial scales as local (1000 kn?), regional (over

distribution of given ES in a landscape or seascape:000 knf but subnation), and national (area of varying
6Economic valuation of ESé SRatal egengvhete stiptedic degisigns, abquinES arg, @afie).¢
and noamonetary assessments of various ES, as well as aﬂnc.e the aim of ES research is to influence decisiaking
other method that aimed agping ES in the economic reaim. at €ither local, regional or national level, our modification
These three selection criteria resulted in 52 scientific articlea- 995t that in studies where information ahout spatial scale

(seeAppendix A). The three ES assessment criteria were als\é'alS not provided, theugeted admintsative decisioamaking
. e -~ ~~level was used in categorizing the
used for the main classifications. That means each publication

was asgined either to quantification/
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study. For example, if a selected number of cities were used to 15
conduct ES reseath wi th the aim of making a Ostrategic
decision6, then the ES study . ks’ categorizgd as nationa
Likewise, whenever both the spatial scale and target level of | 52 5 | at® ° (@)
administrative decisiomaking are provided and that they Eg " L

. .. . = = 0 L x ¥
tend to conflict each other, tharget level of admiistrative 5 “oaar mese WS 2000 T S0EE AE

decisionmaking prevails in categorizing the study. Local, Year
regional and national scales are abbreviated as Lo, Re, and Na| n=52 |
respectively inAppendix A However, a fourth scale herein
referr dalbalob aiss 6ws epdringcntérig of wh e
ES assessment for this review and other reviews that cover all
continents.

Mode of ES assessment refers to quantification/qualifi
cation, mapping and economic valuation, which are the three
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commonly used appaghes in ES assessments for most of the ‘\v"‘\ « é&" &\°° &# °®°
studies reviewed in this paper. o A & _—
In the discussion (Sectids) , the terms Ostakeholdersé and = <
Gactor so6 achangeablyste deferi to individis, L 40 ) N
groups and/or institutions (social, cemmic, political, 230 24.8%(27)  25.7%(28)
research) that influence given resource policies or get-influ | § 20 | 12.8%(14)
enced by the same resource policies. 3 ‘g ' R ()
. . > & o o)
3.3. Data analysis and presentation o\@"’ o&"‘ \,5.\“ o&*‘
0 QQ Q_‘) \é\
i L4 ey n=109

Data gathered in this review were analyzed using

descrlptlve statistics. The resultlng mfermatIOboaI the Figure 2. (a) The development of E&idies in Africa between 2005 and July

author (s), aud harns ®@nc o Hmfh Y818 @) td diktSdtion bf HS studies in African countries, and (c) the
azdliation, date of publication, country of study, category ofpercentage and number of ES represented in each category.
ES, number of ES, scale of the study, mode of ES assessme E . . . .

; o Of the most cited ten articles on ES studies, the main author
and the methodologies and tools used for each publication a iated to North Ameri d th : thor f
provided inAppendix A Percenfage shares of the modes of (S)e \pclaer:%inirlla itug ch ﬂiatrggrtlcc)aESrno e € main author for
ES assessment were analyzed. Within each mode of ég 9 y pe-

assessment, statistics of the four ES categories were calculated=Onsidering the mode of ES assessmeppgndix A), the

and displayed. scores were as _follo_ws: 12 pgbligations (23%) for ES
quantification/qualification, 17 yblications (33%) for ES
4. Results mapping and 23 publications (44%) for economic valuation of

ES. Although the review also recognizes combined modes of
The review found thathe total number of selected ES ES assessment as applied in recent global reviebes{nger

studies in Africa was 52. One study was conducted in the ye } al., 201} there waso study that fairly cofmned two or
2005, increasing to thirteen studies in 20E8y( 2a). The more mo_des Of. asscfssments_. It was noted that. a ;tuqy could
number of studies cwlucted until July 2014 was si¢6). men tion ! fo ¢a anon/ M upail ni of 4 c_aat
These figures are s compared to other reviews in order to0 Vv a I ua t tono 0 f E _S, In the it
establish the trend in the rate of ES publicationsble ).  ©n€ of them in detail. Therefore, thisview is prompted to
The (updated) criteria for comparisons among the reviews afétegorize studies based on any of the three distinct ES
thus detailed inTable 1 Other recentaviews include those 2@ssessment methodologies depending on the most striking
conducted byihervaara et al(2010), Seppelt et al. (2011), focus of studies.
Ma r t é&rmsandBalvanera (2012and Crossman et al. Fig. 2 demonstrates that South Africa, Kenya and
(2013) Vihervaaraet al. (2010)presentedseventeen (17) ES Tanzania are the countriedtiv most ES assessment publi
studies in Africa,and this number has been increasing to datecations. The three countries have a total of 32 publications
Appendix A presentghe details of the 52 reviewed stud (61.5%; see also the Google map link for the distribution of
ies, which indicate an increase of studies conducted in Afric&S studiek’). The 52 studies were conducted in less than half
67.3% of studies investigated ES under two orrenBS of the 54 countries in Africa. Ten (19.2%i}udies were
categories. The results s h ocondictedadt lodalhseales) thioty (B7t7%)y studids wére cos t
manae i ati ond for 31 (59. 6 %) dustédatdegienal scales sind elaven $2i1.296) stualies wérd r i
(Europe and North America). This complements findings by

Vihervaara et al. (201@hat for all the nine out TR
https://www.google.de/maps/@9024537-13.9125947,3z/data=!
4m2!6m1!1szXtVQ4jNjoS8.k80Tk4THgexk?hl=en
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Table 1
Comparison of four reviews (five global, one Afrispecific) ofecosystem services studies (expanded &ftessman et al., 20).3
Criteria Vihervaara et al. Seppelt et al. Ma r t éHermsand Egoh et al. Crossman et al. This
(2010) (2011) Balvanera (2012) (2012) (2013) review
Number of papers 353 153 70 67 122 52
Spatial coverage Global Global Global Global Global Africa
Type of ES Yes Yes Yes Yes Yes Yes
Source of data/indicators  Yes Yes Yes Yes Yes Yes
Type of data Yes Yes Yes Yes Yes Yes
Scale/resolution No No Yes Yes Yes Yes
Method Yes Yes Yes Yes Yes Yes
Extent of study area Yes Yes No Yes Yes Yes
Country of research No No No Yes Yes Yes
Reason for mapping No No No Yes No No
Habitat/ecosystem type Yes No No No Yes Yes
Valuation method No Yes No No Yes Yes
Authors Yes Yes Yes Yes Yes Yes
Country of f No No No No No Yes
axliation
Institute of No No No No No Yes
axliation
Number of ES assessed No Yes No No No Yes
Scoreof each review against the 16 assessment criteria; @ppliedodnotpewdadsntieh e

review. Vihervaara et al. (2010{Yes = 9, No = 7)Seppelt et al. (2011{Yes = 10, No = 6)Ma r t éHErmsand Balvanera (2014Yes = 8, No = 10)Egoh
etal. (2012)Yes = 11, No = 5)Crossman et al. (201:3)Yes = 12, No = 4); this review (Yes = 15, No = 1).

carried out at national akes. One study (1.9%) byan focused on four categories. This means that it would be
Jaarsveld et al. (2008pveredthe three defined scaldscal, impossible to explore synergies and tradeamong di er-
regional and natiam. Moreover, there is an emerg spatial  ent ES categories in the 17 studies that were based on one ES
trend of ES st udi eshnumbers dre icategaryialorme. Howeveh\varal ktadies shch gswallow et
recorded in Southern Africa, followed by East Africa, and theal. (2009) Egoh et al. (2010), Hicks et §2013), Crookes et
remainirg studies are latitudinally ditbuted south of, but al. (2013), Chisholm (201Q)Stringer et al. (2012)and
parallel to, the Sahara desert, from Mauritania to EthiopiaSilvestri et al. (2013haveaddressed traggé s and synergies.
There were no case studies from the countries at thieemort Regadless of the number of ES cgteies studied per study,
part of Sahara desert. The heterogeneity of Africa was algbe category of provisioning ES scored higher than regulating,
noted in the review and represented by seven @préint supporting andutural categories on overall.
types of ecosystems that emerged in the reviewed studies andOn average, there are two categories of ES examined in
defined in this review as; forest ecosystem (FE), grassland agéch studyThe type of ES assessed depends on the type of
semiarid ecosyems (GE), agr@cosystems (AE), wetland ecosystem, and on whether the ecosystem is a protected or a
and catchment ecosystems (WE), urbesosystems (UE), private area. For example, river water flowing into a national
marine ecosyems (MaE) and mixed ecosystems (ME).park is a supporig ES (led to thriving biodiveity) for
Where the ecosystem of study was not provided, it was notd@urism and recreation seces.
with O6NPO6. It f ol lequenswitit anseote WIE emerged ghatrthe studie$ narely addressed the relation
of 14 studies. ME scored 11, whereas the other studighips between SPU and SBA. However, the physical -direc
investigated ES in UE (9), GE (7), AE (6), FE (3) and MaRion from SPU (where ES are generated) to SBA (where ES
(1). However, one study did not provide the type of ecosystei@e consumed) is assigned for each study depending on the ES
used to investigate ES. From these ecosystems, 209 specifipes (s) investigad. For exampleNamaalwa et al.2013
ecosystem services were investigated. This translates &bdivided Namatala wetland into SPU with unique
approximately two (2) ES per ES category and agprately ~ vegetation type, crop f(s), hydrology and geomorplogly.
four (4) ES per study. ES associated with their derived SPU had local in @jtu

Fig. Zc presents both frequency and percentage of E&ch directional (D) and omndirectional (O) flows. The numbers
category out of the total 109 ESitegories as follows: 14 of flows are as fitows; In situ (9), directiona(5) and omni
(12.8%) for cultural, 27 (24.8%) for supporting, 28 (25.7%)directional (B). Other studies had a combiwa of two or
for regulating and 40 (36.7%) for provisioning. 17 studieghree of the flows as follows; ID (1), 10 (11), DO (1), IDO
were found to investigate only one category of ES, wheredd2). It was observed that omdirectional flows dominate by
those studiegshat examined two or three egbries ad 16 appearing exclusively in thirteen (25%) studies
studies each. There were three studies that combination of the three flow directions (IDO)
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cames second with twek (23%) studies and 10 combtitm Surprisingly, more than half of the ES mapping studids di
flows come third with eleven (21%) studies. not provide information on the mapping scale and the

mapping resolution Appendix A). In cases where this
4.1. Quantification/qualification of ecosystem servicesin ~ information is provided, the resolution is rather coarse,
Africa ranging between 30 m (= 900 nf or  0.09 ha per pixel)

and 26,00 m (67,600 ha per pixel). The results of the

Quantification/qualification of ES is applied in 12 studies,review show that only two (12%) publications bsigerholm

which are mainly on watefpod and energy related services. et al. (2012)andPetz et al. (2014avemapped ES at a local
For exampleDessu et al. (2014guantified the water budget scale. For exampleFagerholm et al. (2012) mapped
for the Mara river basin in Kenya. They found that despite thprovisioning and cultural ES in twtocal rural villages of
sueecient water volume to meet demands, infrastructuraZareibar, Tanzania using Participay GIS (PGIS) techniques
challengesinderthe appropriate distritiion of water.Giday  (Appendix A). Studies at regional scalpexifically dealing
et al. (2013)showed that 58 ha of an exclosure couldwith ES mapping appear in 14 publications. Some examples
sustainably provide wood fuel to 238 smsdhle farmers in  of ES mapping at regional scales are found in Southern Africa
the Tigray district in Ethiopia. Kenya contributes most (33%)Yi.e. South Africa, NamibiaiReyers et al., 2009; Naidoo et al.,
of the ES quantification studies. 41.7% of the studies apply2011), East Africa (i.e. Kenya, Tanzani@tieno et al.2011;
empirical/experimental methods to quantify/giyal ES, Swetnam et al.,, 20),1 Horn of Africa (i.e. Ethiopia;
16.6% apply survey metlds and 41.7% use multiple Haregeweyn et al., 20),Zand on islands (Madagasc&ypgers
(empirical and survey) method&ppendix A). An example of et al., 201). ES napping at national scale is aturcted in
a multiple méhod of study is bylLiebenow et al. (2012) various publications in AfricaBatjes, 2008; Lelet al., 2013;
where O6metrictsi @ofd |tamrdo udyghg Caaemettae, 268)é Mast studies indicate alecline n
are used as proxies to repeat ecosystem services and theecosystem servies, few of them recognize untanties
use of survey to elicit consumption pattern of hook#h  (Chisholm, 201p in certain ES measurements and
25% of ES quantificdion is done at local scale, 67% at comparisons, and some of them recommend steps to improve
regional scales and 8% at national scales. 50% of teccur acy and the resultsé ap]
publications quantify multiple ES categories, and provisionindeS s conducted in over 80% of studies on ES mapping.
ES is quantified in 11 (92%) studiesppendix A. Most  Regulating ES have been investigated through mapping of
studies eémonstrate the impact of water and soil quality oncarbon stocks in Central Africa atjes (2008)and urban
human welbeing. For example, (Qtieno et al., 2011 temperature regulatiorCévanet al., 201). Cultural ES have
demonstrates how 6site gua lbden mappedbyagdrimim et mld(20d2kihally, sgppoatingt i t

distribution of pollination services. ecosystem seices have been mapped for example in the case
of primary production from floral communities at the Little
4.2. Mapping ecosystem sies in Africa Karoo in South AfricaReyers et al., 2009and in the case of

phogphorous and nitrogen retention in Ghana and Cote

ES mapping is applied to assess ES at local, regional afd® | Vv lceh et @, 201p
national spatial scales. Seventeen studies were found to have
conducted spatial mapping of ES between 2005 and 2014.3. Economic valuation of ecosystem services in Africa
This is a higher figure compared to the global revievichyh
et al. (2012)who revealed that 14 out of 67 ( 21%) studies of Economic valuation of ES has been conducted in 44% of
ES mapping were conducted in Africa. ES mapping studies all studies fppendix A). This figure is relatively high in
local scales, which could be directly applicable in localcomparison with ES quantification/qualification and ES
decisionmaking, are relatively few copared to thos done at mapping. 74% (17) of the total (23) economic valuation ES
regional, national and global scales/ levélsirkhard et al., studes are done in E&n and Southern Africa (exdive of
2009. Van Jaarsveld et al. (20063ed da erent scales (local, Madagascar). It also follows that the first study on economic
regional and national) to map ES in nineteen Southern Africavaluation of ES was published in 2008ppendix A). This
regions. Five of these nineteen studies were carried out edview reveals that out ahe 45 ES categorietudied under
local scales in Gauteng, Great Fish River, Lesotho highlandsconomic valuation of ES, 16 (35.6%) studies examine the
Richtersveld and the Gorongestorromeu areas. category of preisioning ES. Likewise, the peentages of
Prgportionally, the review results show that ES mappingstudies that examine categories of regulating, supporting and
comprises approximately 33% of all reviewed ES case studiesiltural ES were 12 (26.7%), 10 (22.2%) anid(15.5%)
in Africa (seeAppendixA). 35% of ES mapping studies are respectively. The methodologies used in the economic
conducted in SouthAfrica and theremaining 65% were val uati on of ES ranged fror
distributed as follows: Tanzania (12%), Ethiopia (12%) and Common 6 met hodol ogi es ar e
others (41%). The majority of the corresponding authors ahonetary economic valuations such as the Contingent
the ES mapping studies come from North America an&aluation Method (CVM) Dumenu, 2018
Europe.

62



[Mapping Ecosystem Services] [Resource Management] [Humabaieg]] By: Peter W. Wangai

234 P.W. Wangai et al. / International Journal of Sustainable Built Environment 5 (20162225

Hedonic Pricing, Avoidance Cost, Travel Cost Method (TCM)the number of ES studies in Africa indicates a general increase

(Z-BEICE‘QB 2010 and the CosBenefit Analyst (Silvestri et al., since the publication byihervaara et al. (2010inore studies

OEmergingé methodol ogi es garveebeep ?P%d%in SrS)LghsAgi%athadej]nanngereAIfrigpn 0

partly nonmonetary value such as emé?ggynthesis, asset country.

) . There are several explanations for the relatively high
based, carbon-$lra|u||m?g3,landalvﬂred) 0 Xop g . : :
applied by Cohen et al. (2006), Liebenow et &R012), gpn(gunt of ES™studies in South Africa. Firstly South Africa

Stringer et al. (2012and De Wit et al. (2012)espectively gained full independence in 1994 (end of apartheid) just after

(Appendix A). The scales of the esomically valuated ES are the launch of the Brunkind"® report on Enviroment and

as follows; 21.7% (local), 56.6% (regional) and 21.7%Pevelopment in1987. Second, in 2002 the Johasburg
(national) @ppendix A). For exampleBayliss et al. (2014) World Summit on Sustainable Development (WSJ§D)
appliedt he o6common6 yendWilmghssste f caapulted €South Africa as an attractive entry point for the
Pay (WTP) for building scenarios to show that sustainableustaimbility agenda in Africa, with a grang number of
resource management strategy scenarios could earn revenpestapartheid sustainable mepgeojects Hannan and

of 1.9 US Dollar compared to 1.6 US Dollar under a Businesssutherland, 207)5and environmental moweents Gcott and
As-Usual (BAU) scenario in the eastern Arc mountains oBarnett, 2000 Third, as argued byhisholm (2010) ES
Tanzania. Similarly, De Wit et al. (2012) applied an  research is strongly established lout h Afri ca,
6 e me r g i-steg \@luatiam)nethodology to show that the pecause widespread poverty means that government
highest potential economic value of a healthy ecosystem i@xpenditure on environmental programs must be justified in
Cape Town, South Africa, was bdsen regulating and economic and social tersAll these facts couleéxplain the
cultural ES, and accounted for 5850 R]a‘hper annum. They competitive edge of South Africa in ES studies. On the other
furthermore demastrated how urban authorities could reducehand, very large economies within the Sahel region, such as

costs of ES delivery byndancing ecosystem functioning. Nigeria, Libya and Egypt, were missing in the reviewed
studies. Nigeria and Egypt are part of the-ni@mber
5. Discussion countries undethe Great Green Wall for the Sahara and Sahel

Initiative (GGWSSIV, but neither of them recorded a study
The first ES studies in Africa took place 2005 in South on ES, even in the previous review Bgppelt et al. (2011)

Africa (van Jaarsveld et al., 2005In the same year the Moreover, it is pdinent to note hat all the GGWSSI
Millennium Ecosystem Assessment report was publishedountries have negative water budgets. For example, Egypt
(MA, 2005. This was followed by another publication by has a water demand of 72.4 billion cubic meters against a
Cohen et al. (2006jn Kenya in 2006. One year later, supply of 57.7 billion cubic metersBérnes, 201} This
Mwampamba (2007 )publishedon ES in Tanzania. These remains a concern, since more thanf hafl the African
three publications cobeESmtudtso cpustries, manlyiinrthe ndrtta of they Sakaea elesert, were still
in south and east Africa that later flourished to beconge missing in the studies.
three leading countries in ES studies. A concerfedreand Our results suggest that ES studies in Africa are not
interest to publish more on ES studies was confirmed by thgomogenously distributed (question 1). However, the attempts
increasing number of ES publications thereafter in thenade by this review to showcase thgtribution of ES studies
neighboring countries. The distribution of ES studies in Africaare a step forward in better positioning Africa in the science
is highly heterogeneous as shown by the diversity ofnd debate of ecosystem services, as well aba&&d policy
ecosystems thawere studied. This is synonymous to theand decision making. The heterogeneity of the continent
heterogeneity in spatial, climatic, demographic, sociorequires multiple criteria to assess ES in otdeobjectively
economic and technological characteristics as indicated by thefluence natural resources managet. Therefore, the
natural conditions of Africa (Sectidh1). Although criteria should be country specific, depending on ES demand

and priorities placed on @lierent ES. Moreover, this review

revealed that the first authors for more than half of the ES
12Emer gy ehesgy réquitee directly and indirectly to create a productStudies were a@liated to countries outside of Africa. This
or s eCohdnetald 200@51). indicated that more African researchers needed to engage in
¥step 1 60assesses téheentnarabassetsfd | E$ gesearche Howelverdtheir engagement rbassupported

for generation of ecosystem good; gnq servi_ces (EQS)§ tep 2 6 g’) &l’ﬁédgﬁ‘afﬁnﬂi?l% tedmhitments by governmentstisholm,
importance of EGS to users/beneficiaries using a miatrixst ep 3 0 023@(1 éirta IOﬁhs e

links between EGS and development objectives st ep 4 60 &9 6 ﬁrepnsﬁtutlons in Afrlca' as well as availability of
ability to influence the value of EGS through manageents t e p 5 C¥Restise insBS research. This could ensure a more robust

the ability of ecosystems to yield sustainable flow of EGS and prioritize thenplan, design, and application of E®kin ES studies, as well

accordingtorisk§ and step 6 O66applies valuation techniques to selected case
studies
14Rand; it i s t he Sout h Africabs currency of exchange (1

Rand = 0.076 Euro).

15 http://www.undocuments.net/oscommonfuture. pdf
16 http://www.who.int/trade/glossary/story097/en
17 http://www.fao.org/partnerships/gregteenwall/en.
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as ownership of the resuftom ES research. Literature shows The modes of assessment (quantificdtjoalification,

that the demandof ES is driven by human poptien  mapping and economic valuation) of ES show a clear bias
densities and economic activities. Therefore, this reviewoward economic valuation of ES. As chronologically-pre
attempted to showcase the status of ES assessment in higmted, valuation of ES is the last stage of ES assessment after
population density areas. It is established thetetlwere more a comprehensive process of quantifying/qualifying and
studies focusing on urban and perban ES in comparison to spatiallymapping SPU, SBA and ESyrbe & Walz, 2013.

most of the analyzed types of ecosystems. It is argued th&his should not be a concern for those studieich employ
based on the population projections in urban andypben mul t i pl e modes of as-seasmd.
areas (UNDESA, 2013, the current ramentum of improving  relationship amongtated objectives. In other words, the first
resource management decisions and policies, and human wejbjective in a study must be concluded before objective two
being in Africa could only be sustained if ES studies on urbapegins, because the second objective is dependent upon results
and periurban ES were accelerated. This is beeahigh of the first (e.g. ES quantifiten/qualification precedes ES
human density areas gaally have high demographic and mapping). However, in s&s where economic valuation of ES

land-use change impacts on ES. is conducted witkout acknowledging uncertgties for the
However, there was little attempt to explicitly address EQquantified/ quafied data, researchers could run into a
supply, demand, tradas and synergies, hence confinmp &é mi sgui ded attempt to i mpo

the findings byHaase et al. (2014and Balvanera et al. ¢ on s i sGogamza3d0@) in(ES research.

(2012) This recognizes that some ES are consumed at the Further, the concept of SPEBA is relevant in drawing a
place of supply, while others in aadirent location. Demand list of activities, rights, obligations and responsibilities for
of ES could bedetermined by the number of carmers, diaerent actors in natural resources management. An -Omni
alternative sources, or even by management options fthirectional flow of ES was the mode for most of the studies.
increase supply. The supply of ES is expected to fluctuat€his is probaly due to the high number of pisioning ES,
temporally. For example, the volume of water supply maynost of which have omsdirectional flows to SBA. The
depend on mcipitation, which may be infenced by natural results shown iMppendix A provide answers to the review
weather conditions, droughts or land use change. Whejuestions posed in the beginning of this study, such that the
interests of various actors tawd a given resource aer, three modes of ES assessments are not given the same weight
trade@ s occur, but when interests concur, synergies malooking at the four ES categories, tudal ES accounted for
emerge.Hicks et al. (2013puts tradeas and synergies in the least numdrs of studies. Most authors focused on fewer
perspective by analyzing relatiship pathways of dierent proxies for cultural ES such as tourism, recreation and
stakeholders to certain ES. In the same way, téadeand education as compared to the other categories of ES. The
synergies among dierent types of ES could only be possiblecriteria for ES assessment were epared with other reviews,
when their characteristics and relationship pathways ar@d more unique criteria emergdthfle J).

analyzed collectively. However, this type of analysis was

missing in those studies based solely on one category of E§1. ES quantification/qualification

Clear distirction of spatial distribution of SPU was barely

addressed in most of the studies. This could lead to incorrect g g quantification/qualification has been conducted by the
assumptions that the potential of a given ecesydb provide |45t number of studies. It has to be noted that most non
certain ES is uform across the ecosystem. This could inparket ES were excluded in the ES quantification studies.
return hinder optimal nmgement strategy aimed at \jost ofthe ES quantification studies (>40%) were carried out
documenting hespots of providing certaiS, and changes j, kenya. Empirical methods of study are mainly applied
of their potetial to supply ES over timeB{rkhard et al., pecayuse the majority of quantified ES are provisioning ES,
2014. Again, the SBA for provisioning ES are-tealized  \yhich are measurable and traded in the market, with quantities
and could be traded farom the supply area. For example, anq values are well domented. In this mode of assessment,
additional information about the spatial distribution 0f eqyits imply that the majority of studies were conducted at
beneficiaries for fish, fuelood, charcoal and water (Most yggional scale and that the national scale received the least
assessed ES types) could be vital in tracking interactiongtention from ES researchers. Assessment of biophysical ES
between SPU and SBA. The results also showshalies at s rejiaple and verifiable becauserélies on measurements,
local scale were few compared to studies at regional angogels and field experiments. However, such procedures are
national scale at the same periodeTesults from studies at expensive, and as such less data are available for ES
regimal or national scale may not be applicable to the |°Caf!|uantificati0n

level. Therefore, more spatially restricted studies are neces

sary for local policy and decision making, which are often

rationalized within the framework of prioritized ES and secio

ecological frameworks (culture, language, diversity of t_é_t_':i ““bﬁ"‘ "‘t_t 0 - ef e tt 0 I g‘ . L S%if ¢ ath' s
activities or objectiveswnere one 0O e two mus e finishe erore e
stakeholders, and type of eCOSyStem)' second begins and not the vice versa.
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(Seppelt et al., 20)1This paucity of dat could explain the ods that attempt to address the gaps identified in classical
few studies under the quantification/qualification mode ofmethods. Such methods have been applied in economic ES
assessment. However, several studies clearly point to tivaluations also in Africa. FirsBe Wit et al. (2012¢lecided to
importance of ES quantity and quality. For example, humahreak from conventional and tedunatic methodologies and
well-being, which is mainly defined by the physical, socialformulated a sikstep methodology to assess economic values
and psychological needs of people, depends not only oof ES provided by the ecosystems of Cape Town, South
guantity, but also on the quality of ES. Since human-wellAfrica. The sixstep methodology had similarities with the
being depends on the availability of livelihoods, the quantityr EEB (2010)methodology, esmedly in steps 2 and 5. The
and quality of ES is strongly intertwined with both the humartelatively uncommon emergy synthesis methodology was used

well-being and livéhoods. in Kenya byCohenet al. (2006) Emergy is anchored in
ecology, but its tram’z)rmity20 valuescould, forexample, be
5.2. ES mapping used to derive ecmmic values of soil erosion loss, crop and

biomass vyieldsLiebenow et al. (2012appliedan assebased
The term O¢lHasSbeenagegpto degote viszed  approach and an ESwellbeing interface, probably after

spatial information of ESCrakou et al., 2016 However, inspiration fromSher r ade mggsegbag(;ai theéory Jof
during the online search, some of the titles and contents gévek)pment_ This new focus emphasizes on asset wealth,
several studies did not ntethis criterion. Hence they were which is the household attribute that responds to ES variations
considered under the O0ES g whelever thdy cedr. iTiRerasseasédiapptoach fo @sddsg 0 n
of assessment or not considered for the review. South Afriq&]kages betweerES and wealth thus requires an under
is the country with the highest number of ES mappingtanding of household structures, household sizes and
publications. It was observed that most coroesiing athors  production capacities, cultural practices and access te mar
of the ES mapping publitians are &liated to North America kets (iebenow et al., 2012 a necessity for economic valu

or Europe. Most case studies were undertaken at the regiorzion of ES in poorand/or developing countries. This wide
or national scale and were mainly done with rather coarsarray of valuation methodologies, in a continent of rich
spatial resolution. Moreover, some studies emphasize on tiealtural diversity, seems to addregéervaara et al(2010)
importance to consider uncertainties, especiallysthdies on and Seppelt et al. 2011) concernthat the only toolsfor
mapping regulating ESian Jaarsveld et al. (200(6cognize  assessing cultural E&r e f or 06 6 e c oatiomdu r i
that due to the dierentiated (in space and time) nature of E9Pecause 006t hey alaikeehe easernfalLatik e t
mapping, careful local planning and action is required. It iAmerica @alvanera et al., 20)2African ES stuiés have not
also noted that in cases wherany countries are under one consideed natural capital and ES indicators in estimation of
study, multiple scales (local, regional, and national) are@ational wealth and gross domestic product.

adopted. More than half of the studies did not provide

information on spatial scales (referring to scale used whep. 4. Limitations and uncertainties of the review

cartographic maps are used) and map resolutions, which

makes it decul t to compare the TrRs Ynarly SAftican” @dntries kel thréeYor Rdedlan

uncertainty. guagegz, as recognized by the United Nations. English
) ] o&cially used in schools and in transactions of government
5.3. Economic valuation of ES business in eastern and southern Africa, and a few selected
countries such as Nigeria and Ghana in western Africa.
A number of economic valuation methods have beefWestern and central African countries predominantly use
criticized in the way they aggregated various economie valFrench as anaacial language. Northern Africa is domated
ues of da erent ES and popularize the substitutabilitys®& by Arabic cultures and Arabic is the main language for both
(natural capital) with humamade capital inan andinoue,  og&cial and commn interactions. The review cess only
2013. This is a critical issue as most African seties still  literature in English. Secondly, all publications that were not
conduct nonmonetary trade. For example, paying of dowrfreely provided online, and those artilansubscribed to by
and gifts during iitiation and wedding cemonies isdonein t he i nst i t u t&diabon,sverounavailable forahiss 6
the form of livestock (e.g. cows, sheep, goats, camels) insteagview.
of monetary items. The underlying reason is that livestock
capital, unlike financial capital, has both value and meaning

(Tale, 200319. Therefore, more modern ecological

economists have formulated meth 20The transformity value refers to both energy buifd and energy
degradation@ohen et al., 2006
21There are four types of assef{environmental, social, human and
physical). This theory focuses on what human communities have to develop

19 s0cietal rituals and ceremonies have specifics and uniqueness in value arr?wer that what they do not have (nded theonSherraden].991.

meaning, which are not comparable or substitutable to the globddeta 22 http://www.un.org/en/sections/abeun/cecial-languages/
values.
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6. Conclusions from Egoh et al. (2012that if the intedinkages across var
ious ES and involved Effows are not sgciently recog
Several ES studies have been conducted in Africa.-Howiized, neither the provision of ES nor biodiversity could be
ever, few quantified/qualified ES and studies at local scalesustained or optimized. Although, studies at the national scale
are rare, with most being insecient for applications in are useful, especially for awareness raising and problem
environmental management at local levels. As the populadentification, they may not be relevant for regional aoahl
sl ogan states, 0 6 Td ESnskudie§ bre ecisiorgnakirge Ltocal ldecisienl making needs more detailed
expected to have a high number of local scale publications Bind accurate information on ES suly, ES demand, natural
order to correspond the UNEP and other scholarly work for conditions, resource management regimes and societal values,
local actiorf>. There seems to be an ovetiance on Which vary significantly across Africa. In order to establish
monetary valuation of ES, with studies tending to ignordr@de@s ad synergies, inteactions among ES at the SPU
assethased methods. Asseased methods would be well and feedbacks to and from SBA should be analyzed.
suited for ES assessmerits Africa because to date, many conclusion, we suggest thelmking recommendations:
communities and tribes in Africa still trade their wealth or
value natural capital in nonmonetary currency. Furthermore, (a) In order to achieve a holistic understanding of results
studies did not adequately delineate ES demand and supply, and potential applications, ES studies irried need to
and were thus limited in addressing flowgnergies and assign equal attention to ES quantification/qualifi
tradeoa s among di erent types of ES. Most of the reviewed cation, ES mapping and economic valuation of ES.
ES studies were assessing pstiing ES such as food crops, (b) ES assessments at regional and local scales are urgently
fish, water and wood fuel. Regulating ES such as waste water needed to dectly contribute to policy makg at local
treatment, air filtration, storm and erosion prevention and levels.
carbon sequestration were also addressed frequently.(c) There is an urgemteed for African scientists to con
Supporting ES/ecosystem functions ranked third and focused tribute to ES assessmteand research in order to qbe
mainly on seHorganization of ecosystems to enable primary expertise with longerm environmental and soeio
production and biotic engineering of organisms. However, economic experiences, therebya exing resposive

few of the studies dealt witassessments of cultural ES. solutions.

Examples of cultural ES assessed include recreation(d) As Africa has a rich diversity of cultural and social

(including filming and photography), tourism and education.  capital, a list of proxies for cultural ES is required in

In the African context, cultural ES are vital for enhancing order to raise theirelevance and enhance appiica

economic, sockeultural and spiritual welfare for mgn potentials for future cases studies.

countries. Thus the low number oflzual ES studies, and  (e) There is potential to make more precise and relevant

few indicators thereof, lead to amderrepresentation of this value estimations, by utilizing the emerging non

categloryln ES_ research. . moretary valuation methods of ES in Africa, thereby
It is established that there could be a link between the  improving decisiormaking.

momentum of ES research, funding and avadlabpettise. (f) More precise assessment and mapping of ES demand

Therefore, if the momentum of ES research was to be and potential ES supply, as well as actual use (flow) of

maintained and e ndlaed toeAfrcab y  apd 8 Gthl BuR tohR heterogeneity of ES distrifions
countries, more _fundmg and training of ES experts Wguld be  across AfricaThis could be useful in assessing traeo
required. ESstudies are heterogeneouslytdimited in Africa synergies and SRSBA relationships throughout the
and many countries are yet to engage fully with ES research. continent.

There is also high discrepancy of scale used amw&S  Acknowledgements
studies conducted in various countries, with regional scales

used in most studies. The results respond to the first review This work is part of #hD project funded by the Catfo
guestion framed in the introduction section that studies of Eﬁcademic Exchange Service (KAAD) organization in

are not homogenously distributed across Africa. The numbeéermany We specially thix our colleagues in the Depart
of_prhcar:lons on %conomllf: valua:;qon Of,ES IS Smore thanyent of Ecosystem Management, Kiel University. We extend
twice  the number —of studies in ES quan o, gradtude to the Editan-Chief of this Journal and the

tlflcgtlon/?ualmcatlg_n. Therefore, it Iﬁ clearl_tr(;at the Fhreezsnonymous réewers for the constructive canents. We also
modes of ES studies are not equally applied (question 2}incerely thank Mr. Richard Howells from the rie of
Further, our findings are in concurrencéhnassertions

Ecology and Hydrology, Edinburgh, UK for preafading the
manuscript.

23http://wwvv.u nep.org/search.asp?sa.x=4&sa.y=11&q=think+globally Appendix A
+and+act+locally&cx=007059379654755265211%3Ajkngxjgnyii&cof=
forid%3A11&siteurl=
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Appendix A
52 studies of ecosystem service in Africa.
No Author(s) Country of Institution of Year Country/ Type of Category No.of SPU Scalé  Mode of Methodology/tools/
first first author 6s of study area ecosyster'ﬁ of ES SBA (Lo, ES frameworks
aut hor axlation study (WE, GE, ES assesse( directiol’” Re,  assessmefit
main AE, FE, studied (,D,0) Na)  (QM/V)
axliation ME, UE, (P,R,S,C)
MaE, NP)
1 Elisaetal. Tanzania Katavi National Park 2011 Tanzania WE P 1 D Re Q Use of satellite altimetry
derived BO levels
Observations & interview
2 Giday etal. Ethiopia Mekele University 2013 Ethiopia GE P 1 (0] Lo Q Systematic sampling
Experimental design
Horvitz Thomson biomass
Estimator
3 Liebenow USA Universty of Florida 2012 Mali GE P,R,S 3 1,0,D Re Q Assetbased approach
etal. ESWellbeing interface
4 Kalabaetal. Zambia Copperbelt University 2013 Zambia AE P 2 (0] Re Q Survey
Wealth ranking exercises
Analysis: inductive grounded
theory
5 Morrison UK University of Leicester 2013 Kenya WE P,R,S,C 27 1,0,D Re Q Interviews & Focus Group
etal. Discussion (FGD)
6  Hunink et al. Netherlands Future Water 2012 Kenya WE SR 2 1,D Re Q Green water credit (GWC)
schemes
Green and Blue water
Assessment
Toolkit (GBAT)
7  Namaalwa Uganda National Wate & Sewerage 2013 Uganda WE P,R,S,C 15 1,0,D Lo Q Driver-PressureStatelmpact
etal. Corporation Response (DPSIR)
Stakeholder analysis
8 Furukawa Japan Yokohama National University 2011 Kenya FE P, S 1 (6] Lo Q Species richness & diversity
etal. Tests
9 Bodinetal. Sweden Stockholm University 2006 Madagascar ME P,R,S 6 I, 0 Re Q Remote Sensing & Modeling
10 Dessuetal. USA Florida Inernational 2014 Kenya WE P 1 D Re Q Water budget & demand
University calculations
11 Mwampamba USA University of California 2007 Tanzania UE P 1 (@) Re Q Surveys Projections &
Scenarios
12 Weiss etal. Germany University of Kassel 2009 Africa AE P 1 D, 0O Na Q Modelling
13 Fagerholm Finland University of Turku 2012 Zanzibar, Tanzania AE P, C 19 I,D, O Lo M Participatory mapping
etal. Stakeholder meetings
Field observation
MS® 1:1.2 * 16" & MR'; 600 m
14 Batjes Netherlands World Soil Information 2008 Central Africa ME R 1 O Na M Taxotransfer procedures
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GIS Mapping

Simulation MS; 1:1.75 10 & 1:1.2 * 10°

MR; NAY
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15

16

17

18

19

20

2

[

22

23

24

25

26

Egoh et al.

van Jaarsveld

etal.

Egoh et al.

Egoh et al.

Reyers et al.

Fisher et al.

Rogers et al.

Naidoo et al.

Chisholm
Swetnam

etal.

Otieno et al.

Petz et al.

South
Africa

South

Africa

South
Africa

South
Africa

South
Africa

UK

UK

USA

USA

UK

UK

Netherlands

Stellenbosch University

Stellenbach University

Stellenbosch Universit

Stellenbosch University

Centre for Scientific &
Industrial Research

University of East Anglia

University of Southampton

WWEF

Princeton University

University of Cambridge

University of Reading

Netherlands Environmental
Assessment Agency

[Resource Management]

2011

200t

200¢

200¢

200¢

201(

201C

2011

201(

2011

2011

201«

South Africa

Southern Africa

South Africa

South Africa

South Africa

Tanzania

Madagascar

Namibia

South Africa

Tanzania

Kenya

South Africa

GE

GE

ME

GE

WE

FE

AE

AE

ME

AE

WE
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I,D, O

Re

Lo,
Re, Na

Re

Re

Re

Re

Re

Re

Re

Re

Re

Lo

GIS mapping

Scenario building MS; NA &
MR; NA

GIS mapping Participatory
Rural Appraisal
Triangulation

MS; NA & MR; NA

GIS mapping

Correlation analysis
Modeling

MS; NA & MR; NA

GIS mapping

Spatial congruence assessmet

(overlap, coincidence,
correlation)

MS; NA & MR; 26.46 km
GIS mapping

Value Matrix formulation
Ms; 1:5 * 1 & MR; NA
GIS mapping

Payment ér Ecosystem
Services (PES)
Stratabased randomized
interviews

MS; NA & MR; NA

GIS mapping

Descriptive stastics MS; N/A
&MR: 0.86 knf

Use of proxies

MS; NA & MR; 1i 9 km
Expert discussions & GIS
mapping

Literature review
Regressions & permutations
MS; NA & MR; NA
Simulation

Modeling

MS; NA & MR; NA
Participatory Workshops &
interviews

GIS mapping

Scenario Building

MS; 1.5 * 1d*e MR; 100 m
Correlation & Collinearity
metrics

Use of proxies

GIS mapping

MS; NA & MR; NA

GIS

MS; NA & MR; NA

(Continued on next page

SEOT0Z) G IUSWUOIIAUT J|INg 3|gRUIeISNS JO [eUINOr [euoeuUIaIl| / e 18 reBuepn "M'd



[Mapping Ecosystem Services]

Appendix A (continued)

[Resource Management]

[Humabaiel] By: Peter W. Wangai

No Author(s) Country of Institution of Year Country/ Type of Category No. of SPU- Scalé  Mode of Methodology/tools/
first first author 6¢ of study area ecosysterlﬁ of ES SBA (Lo, ES frameworks
aut hor axlation study (WE, GE, ES assesse( direction’ Re assessmefit
main AE, FE, studied (,D,0) Na)  (Q/MIV)
acliation ME, UE, (P,R,S,C)
MaE, NP)
27 Haregeweyn Ethiopia Mekelle University 2012 Ethiopia UE P 3 O Re M GIS mapping
etal. Interviews
Ms; 1:1¢' & MR; NA
28 Cavanetal. UK University of Manchester 2014 Ethiopia/Tanzania UE R 2 | Na M GIS mapping
Urban Morphology Types
(UMTSs)
Field Surveys. MS; NA & MR;
1km
29 Lehetal USA University of Arkansas 2013 Ghana & Ivory WE P,SSR 4 I,D, O Na M GIS mapping
Coast INVEST model
MS; NA & MR; 30 m, 300 m,
1 km
30 Turpie et al. South Percy Fitzpatrick Ingute 2008 South Africa WE P 1 D Na \% User Charge & Block rate tai
Africa system
Observations & interview
31 Girmaetal. South University of Pretoria 2012 Ethiopia FE P,R 2 (0] Lo \% Carbon Trading
Africa Bequest Value Existence Value
Experimental design
Horvitz Thomson biomass
Estimator
32 Swallow et al. Kenya ICRAF 2009 Kenya WE P,R 2 I, 0 Na \% SWAT model, Interviews, GIS
33 Silvestri et al. Kenya International Livestock 2013 Kenya WE P,S,C 4 I, 0 Re \% Tradeod s approach
Research Institute (ILRI)
34 Hicks et al. Australia James Cook University 2013 Kenya, Tanzania, MaE P,S,C 7 I, 0 Na \% Costbenefit analysis Traded s
Madagascar approach
35 de Leeuw Netherlands Earth System @enceGroup 2014 Kenya ME S 1 | Re \% Willingnessto-pay (WTP)
etal.
36 Swallow & Canada University of Alberta 2013 Kenya Canada NP P,R 2 (@] Na \% Aerial data
Goddard Mozambique Price & yield estimations
Value Chain Analysis
37 Cohenetal. USA University of Florida 2006 Kenya WE S 1 | Re \% Emergy synthesis (Odum, 199¢
38 Mulatu et al. Netherlands University of Twente 2014 Kenya WE S,P,C 6 I,D, O Re \% Willingnessto-pay/accept
Descriptive statistics
Empirical modeling, FGD
39 Baylissetal. UK University of Cambridge 2014 Tanzania WE C 1 | Na \% Field Survey
Expressed valuation method
(WTP)
Scenario Building & Analysis
40 Willemen Italy European Commission 2013 Congo ME P,R,S,C5 I,D, O Re \% Survey
etal. Payment of Ecosystem Service
PES
41 Simonit & USA Arizona State University 2011 Kenya ME R 3 | Lo \% PES
Perrings
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42 Davenport South Rhodes University 201z Souh Africa UE P 3 (@) Lo \% Directuse Value
etal. Africa Household incomes
43 Schaker&  South Gauteng CityRegion 201% South Africa UE P, R 3 I, 0 Re \% Carbon pricing
Swilling Africa Observatory Replacement Cost
Hedonic pricing
44 Stringer etal. UK University of Leeds 201z Sub Séhara Africa  GE P,R 6 I, O Na \Y Trade@ s

Carbon trading

Clean Development Mechanist

(CDM)
45 Binet et al. UK University of Portsmouth 201% Mauritania UE P, C 2 1,0 Re \% PES
46 Langeetal. USA The Earth Institute at 2007 South Africa WE S 1 D Na \% Replacement Cost
Columbia University Opportunity Cost
Trade@ s
47 Crookes et al. South Stellenbosch University 201: South Africa ME P 1 (@) Re \% Restoration Costs
Africa Net Present Value (NPV)
derivation
48 De Witetal. South Stellenbosch University 201z South Africa UE R, C 2 | Re \Y Six-step valuation
Africa Methodology
49 Dumenu Ghana Forestry Research Itisite of 201: Ghana UE R, S 3 | Lo \Y CostBenefit Analysis
Ghana Willingness to Pay
50 Lange & USA World Bank 200¢ Zanzibar, Tanzania UE P,R,C 10 I, 0 Lo \% Surveys
Jiddawi Value -Added
51 Wendland USA Conservation International 201( Madagascar ME P,R,S 3 I, 0 Re \% PES
etal. GIS mapping
52 Egoh etal. South Stellenbosch University 201( South Africa GE P,R,S 4 I, 0 Re \% Trade@ s, Discounting,
Africa Opportunity Costs

a P = provisioning services; R = regulating services; S = supporting services; C = cultural services.

Pl=in situ; D = directional; O = omsdirectional.

¢ Lo = local;Re = regional; Na = national.

a Q = quantification/qualification; M = mapping; V = economic valuation.

« MS = mapping scale of cartographic maps used in the publication.

i MR = mapping resolution of the raster land use/cover.map

oNA = denotes O6not availabled and refers to situat i ofthepuliliatioe. mappi

hWetland & catchment ecosystems = WE, grassland &-geithiecosystems = GE, agesosystems = AE, forest ecosystem = FE, mixed ecosystems = ME, urban ecosystems = UE, marine
ecosystems = MaE,

"'Not provided = NP.
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Abstract

Recent scientific developments are advancing to link land use and land cover (LULC) change with
ecosystem service (ES) potentials. The linkage takes place inspaga environment, where LULC

classes and quantat i ve ES values are the main data i np
approacho to generate maps showing LWtaeatehas s es
with high population density. The LULC maps are based on LANDSAT satelliteesntigm the

years 1990, 2000 and 2010. ES potentials were assessed quantitatively on a relative scale ranging
between 0 and 5 by use of interview data from local people. Results show that with exception of
settlements, the area for all LULC classes deerehs bet ween 1990 and 2010. T
successfully generated ES potential maps for the different LULC classes. Grasslands, forests and
wetlands have comparatively high potentials for regulating ES (storm protection, flood regulation, air
purificda i on and drought regulation), whereas settl e
The main uncertainties of the study relate to study area selection, data accuracy and reliability,
Omatrix approachd adapt abi |H Nifpandla dlifay Condlugidns e n v i r
indicate that the potential of the area to provide regulating ES is declining over time. The suitability

and reliability of results from the Gegdatingi x app
ES depend on theath accuracgheck during and after the fieldwork exercise.

Key words: Land use change, ecosystem service potential, ecosystem service matrix, data

scarcity, knowledge combination, uncertainties
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1. Introduction

Kenya has an estimatgdo pul at i on of 43 million people (
capital city and has an estimated population -& hillion people (Thieme 2015). During

colonial times, NairoBt became the administrative centre because of its exclusively
conducive naturatonditions (free from malarieausing mosquitoes, fertile agricultural soils

and plenty of freshwater) and the availability of human labour force (Makachia 2011). The
Karura forest one of the largest known indigenous forests within a city (Njeru 204 ®pri

of the larger Nairobi river ecosystem compfexCulturally, Nairobi represents the beautiful
landscapes of Africa and this motivated Wbbt call iti The Green City in
Currently, Nairobi city is viewed as a so@oonomic hub for lucratesjobs (e.g. as there are
international and regional headquarters for the United Nations, Google, Apple and
Microsoft), business opportunities (e.g. in tourism, airline companies, telecommunications,
finances), cultural exchanges, global information anchrielogy centre, and as a global
entrepreneurship summit. Consequently, the city has attracted a large human population

from within and without Kenya.

Reports project that the human population in Africa shall be two billion in 2044 and 57% of

that popudtion will be living in urban areas (UNDES3A 2012). Concerns have been raised

over the expected widespread impacts of such upsurge in urban aundbperpopulations.

For example, a study at the Vihiga District in Kenya reported that human population
dynamics are a key driver for land use change because of the increased demand for the
expansion of physical infrastructure such as settlements, schools, and public buildings
(Mutoko et al. 2014). In urban and pesir ban ar eas, such deenands
expense of other | and wuse/l and coverd cl ass
Apart from settlements, other typical LULC classes, especially in urban andrpan

ecosystemsare grasslands, forests, wetlands, parks and abandoned backydtdsl (8o

it is noted that the terairobi was a corrupted version 6fe n k ar ef rnoynt oMaiads ai , whi ch means o6p
water 6 ( Makvaasd area pastoralist cammunity thaginally occupiedhe Nairobi area before the

colonialism. Theyost 60% of their communal grazing land to the British colonial administration betweeri 3904

(Fratkin 2003)To date the Nairobi River flows through the city, and it is believed thattiver was the landmark that

Maasai used to distinguishe Nairobi area from other grazing zones.
http://www.unep.org/urban_environment/PDFs/ISWMLaunch_NairobiRiverBasin.pdf

13 Barbara Wood is an international bestselling female novelist in the Uriitees ®f America. Her books are thrilling to
readers and have been highly rafBlde Green City in the Sulepicts the beauty of Nairobi as seen by the British during the
colonial period.

1 http://www.ges2015.org/

15 UN Department of Economic and Social #iffs
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Hunhammar 1999), which have been shrinking in area over time (Estoque & Murayama
2011). These LULC classes form the larger urban ecosystem (Bolund & Hunhammar 1999)
and are relevant for the provision of multiple ecosystem services (ES), includungtiay

ES such as temperature regulation (Cavan et al. 2014), carbon storage (Egoh et al. 2011),
storm prevention, drought mitigation and air purification. Increase in human population is
likely to diminish the green infrastructure (Cavan et al. 2014ycBtet al. 2015) and
henceforth decrease the potential of urban andysban ecosystems to provide regulating

ES (Escobedo et al. 2011), cultural ES (Goodness et al. 2016) and provisioning ES (Yang et
al. 2015).

1.1 Ecosystem Service mapping

Ecosystem swices (ES) have been defined as benefits or bundles of benefits that humans
obtain from ecosystems (MA 2005; Muller & Burkhard 2007; Boyd & Banzhaf 2007; TEEB

2010, Ericksen et al. 2012; Daniel et al. 2012; Silvestri et al. 2013; Wu 2014). In this paper,
the term O6ES potentiald refers to the fAhypot
supplydé is defined as the fAactual useo of a
the latter differs from the former because it relates to a known cotismng ES. In order to

assess the ES potential of various ecosystems, ES mapping is applied to identify various ES,
and to spatially delineate (map) and assess their ES potential (Ericksen et al. 2012, Burkhard

et al. 2012), including the ES potentials wban and penirban areas (Marraccini et al.

2015). Burkhard et al. (2009) acknowledge the key role of mapping in popularizing the ES
concept among institutions of natural resource decigiaking, planning and
implementation. ES mapping comprises oftgpaand temporal characteristics (MA 2005),

which provide details of ES at given times, locations, quantities and qualities (Estoque &
Murayama 2011, Sturck et al. 2015). ES are commonly categorized into provisioning,
regulating and cultural ES (Kandzioea al. 2013; CICE®). The ES potentials of various

LULC types for the three ES categories are known to vary widely due to spatial and temporal

heterogeneities of ecosystem conditions.

Both natural phenomena (e.g. natural fires and volcanic eruptidfale & Mantua 2000,

Fujiwara 2009; deYoung et al. 2008) and anthropogenic activities have the potential to

16 hitp://www.cices.eu/

80



[Mapping Ecosystem Services] [Resource Management] [Humabaiel] By: Peter W. Wangai

modify LULC types, which result in pressures on ecosystems and biomes, and hence are
jeopardizing their ES potentials over time (Van Oudenhoven @0&P; Hainesroung and

Potschin 2010). Although quantifying and monitoring ecological changes is fraught with
difficulties (Reuter et al. 2010), changes in LULC over time seem to be a vivid, accurate and
reliable indicator of ecosystem conditions (Clegt al. 2014), which are directly related to

an ecosystemds ES potential (Burkhard et al

The provisioning and cultural ES potential of an ecosystem depends on the combination of
ecosystem structures, processes and functiom®mbination with additional (sermatural

and humarbased) inputs (Jones et al. 2016; Burkhard et al. 2014; Villamagna et al. 2013).
Their respective service providing units (SPUs) and supply hotspots are mainly local
(polygons, points). Moreover, beitsf from provisioning and cultural ES are mainly
localized or flow in a specified direction to beneficiaries (Fisher et al. 2009). It is also argued
that there is a possibility afalueadded’ provisioning and cultural ES flow% for example,

by preservingcereals for future consumption and making hiking trails through unpalatable

rocky or bushy landscapes for recreation and tourism.

Regulating ES often depend indirectly on additional inputs, and that benefits from regulating
ES such as carbon sequestnator pollination flow in all directions (Fisher et. &£009).
Aspects ofvalueaddedand anthropogenic manipulation for the supply of regulating ES at
the output stage are usually difficult to determine. Moreover, several regulating ES can
benefit eitherlocal, global or both local and global beneficiaries (Fisher et al. 2009; Syrbe
and Walz 2012; Kandziora et al. 2013). These identified unique characteristics of regulating

ES are adapted by this study and are integrated in the later sections of tleis artic

A number of methods to assess and map ES have been applied and reviewed by different
authors (e.gVihervaara et al. 201®Beppelt et al2011; MartinezHarms & Balvanera 2012,

Egoh et al. 2012; Crossman et al. 2013). From the various ES mappingdoiethes, the

OES matrix6 is proposed as a suitable metho

limited expertise (Maes et al. 2012). The method was adopted by this study because the

17 Valueaddedis defined by the Investopedia (http://www.investopedia.com) as the improvement of a product or service
before it is delivered to consumers. The Merrafabster Dictionary definemlueaddeda s r e | aptoduct ghodeo 6
value has been increased especially by special manufacturing, marketing, or pracessing

18ES flows are defined as the final bundles of ecosystem services and other outputs consumed in a given area and in
specified period of time (Burkhaetal. 2014).
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study area exhibits the characteristics presented by Maals @012). Therefore, in this
study, the ES fAmatrixo was wused to integrat
potential of different LULC classes.

1.2 Focus and Structure of the Study

Besides mapping regulating ES potentials, this study pesifeally considered ecosystem
disservices, which the local people have been experiencing over time. The approach of
ecosystem disservicess applied because most local people have rich local knowledge of

the intensity and frequency of the disservicémt( ever occurred in the local area) such as

floods and drought, especially because of their negative impacts on the local livelihoods.
Examples of livelihood impacts caused by ecosystem disservices are low crop yield, loss of
livestock, destruction of pperty and sometimes loss of human life due to pollution related
causes. Albeit being quintessential, local, traditional and/ or indigenous knowledge remain(s)
mainly in tacit or implicit form (Raymond et al. 2010) until that point in time it would be
oarctul atedd either verbally, in writing or f
(2006 a: 1) found that O0some experiential k
Raymond et al. (2010) argued that experiential (informal) and scientifimdfp knowledge

could be integrated to address societal challenges that are mtdti- and transdisciplinary

in nature. The study is thus setting a platform of making local knowledge explicit, and
integrating it into modern scientific knowledge forrposes of addressing gaps in the inter
disciplinary science of ecosystem services. This is even of more of concern whenever we
consider ecosystem disservices experienced in high population density areas such as urban
and perurban areas, where related maps can affect many people living in a relatively

small area. The connection between LULC types and regulating ES potentials are central to

this study.

On overall, the aim of this paper is to use the ES matrix approach to investigate the spatial
and termporal changes of LULC classes and their influence on the potential to provide
regulating ES in a datscarce perurban area. The aim is achieved by answering the
following questions:

i) To what extent have LULC changed over time?
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i) How could interviews withdcal people be used to obtain potential values of various
LULC classes to provide regulating ES?

ii) How do the LULC changes influence the potential of an area to provide regulating
ES?

iv) Can the matrix method of mapping regulating ES potentials reliably imcakdata

scarce area?

The paper is organised in six sections. Section 1 begins with the introduction. Section 2 gives

an overview of perurban regulating ES and spatemporal changes in LULC. Section 3
describes the methodology used in this studsctiSns 4 and 5 display the results and

di scussions. Sections 6 and 7 present the st

2. Perturban LULC and regulating ES Potential

2.1 Perturban regulating Ecosystem Services

In order to understand parrban ecosystems and their services, four definitions are presented
in Box 1. By combining the four definitions, the tepmeri-urban ecosystemefers to the
transition zone between contiguous urban and rural landscapes, where rapid ecological, social
and economic dynamics are witnessed. Besides demographic and economic drivers,
urbanization is a major trigger for LULC change and hence changes in the ES potential of

urban ecosystems (Dumenu 2013; Naqvi e2@14).

Box 1: Selected definitions oftheter 6 ue rbian ecosyst emob.

Douglas 2006 Perturbanareas are the transition zone, or interaction zone, where anbar
rural activities are juxtaposed, alashdscape features are subject to rapid modifications,

inducedby human activities.

Lee et al. 2015 Periurban ecosystems represent highly complex territorial spaces

economic, environmental and social viewpoints.

Nilsson et al. 2013:Perturban is a transition area moving from strictly rural to compl

urban, related to high pressure towardsan development.
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Tian et al. 2017:Periurban are those areas which have some initial features and functi
of cities but are not yet defined as cities, including the funtzdn interface, small town,

township and village with developed ragricutural industries.

LULC change, for example, have significant impacts on temperature regulation in African

cities such as Dar es Salaam, Tanzania and Addis Ababa, Ethiopia (Cavan et al. 2014).
Schéaffler and Swilling (2013) have exemplified tmegulating role of urban green
infrastructure in form of storrwater runoff interception, municipal wastewater filtration, air

filtration, soil erosion control, and pollutant absorption and breakdown in Johannesburg,
South Africa. Similarly, Larondelle et al. (2014:1 9 ) mapped fithe divers
ecosystem services in European citieso and
in regulating local climate and reducing regional/ global carbon footprints. These examples
demonstrate that regulating ES: arnital for life and property protection (Wolff et. &015)

and are strongly connected to human wellbeing (MA 2005). However, high population
density in urban and peurban areas have caused dramatic LULC changes. Subsequently,

the LULC change influencdabe demand for regulating ES that ultimately could influence the

well-being of urban and peurbanresidents (Wolff et al. 2015).

2.2 Spatiotemporal LULC Change and ES Potential

LULC change has both spatial and temporal dimensions (Deng et al. 2008k 8t al.

2015). Naturally, LULC change occurs due to ecological, morphological, evolutionary and
climatic processes (Sohel et al. 2015). Urbanization has emerged as an additional driver of
LULC change that combines demographic and other anthropogendesses, thereby
transforming landscapes and seascdp@dainesYoung & Potschin 2010Airoldi et al.

2016.

The spatial extent of the global urban areas is less than 1% according to ¥1G00SM

(Schneider et aR009), whereas an earlier estimatiorudban areas by Alberti et al. (2003)

®Seascapes are defined as 6énatural and marine engineered i
the structure and function of marine ecosystems (Waltham & Sheaves 2015). Other definitions do not include terms such as
6humansé or -fbamtex applgeni K&r enyi e t marine halfit@sbasédsoldyerf i ne seas
consi stent geophysical wvariables, such as temperature, sal
20 hitp://modis.gsfc.nasa.gov/about/
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ranges between 1% to 6% of the Earthoés surf
78% of global carbon emissions (Grimm et al. 2008). This is because the global urban
populatior! increased from 746 million to 3.9llon between 1950 and 2014 (Wu 2014;
Padgham et al. 2015). The increase in population density lead to spatial expansion of social
(schools, hospitals, recreation sites) and physical (roads, water and sewage systems,
residential, commercial and adminigive facilities) amenities. Over time, the spatial
demands have shifted the urban boundaries outwards from the-comeerof city
municipalities to the neighbouring rural landscapes (Grimm et al. 2008). Unfortunately,
existing urban mapd ar e o f @aneé morRcentinacug it capturing urban extents across
time and spacedo (Zhou Y. et al . 2015:. 10) ,
Without the accurate information about the occurring-geatial changes, the emerging
population pressure in urbareas thus continues pushing for more settlement assemblages.

This trend of increasingly unmet specified demands for spatial space becomes an
Aur bani zation bubbleodo that can explode into
further compromise thescological functionality and potential of urban LULC types in

providing ES.

Henceforth, former petiirban proportions of LULC classes assume new dimensions (Deng

et al. 2009), which are limited to provide essential ES. That is, public green parks,
arboreums, forests, biosphere reserves, national parks and wetlands meant for supplying
regulating ES to the peudrban society are encroached, fragmented and converted into
artificial features. In this regard, Sohel et al. (2015) argue that the change (détline
naturalness of a landscape alters the structures, functionality and processes of an ecosystem.

This means that the ES potential of a ppgbian landscape may change accordingly.

3. Methodology

3.1 Study Area

The study area comprises parts of Nairand Kiambu Counti€$ and its boundaries have

been defined by research interests rather than by administrative units. The study area borders

Machakos County in the East and Murangbdéa Cou

21 hitp://esa.un.org/unpd/wup/Highlights/WUP 268iighlights. pdf
2 http://www.iebc.or.ke/
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are Constituencies an@ounty Assembly Wards with similar demographic and physical

infrastructural patterns. The area is thus a-pdyan zone that partly comprises the Nairobi

city in the south and Kiambu rural areas in the noRig.{). It has an estimated area of
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Figure 1: Geographical location of the study area
Source:Regional Centre for Mapping of Resources for Development (RCMdid) Basemap in

ArcMap 10.3.

The western and southern parts are characterised by cool highland climate and fertile soils

conducive for agriculture (Makachia 2011) and with high altitudes of up to 1670 m a.s.|

and Ol i ma

(K6 Ak umu

2 0 0 the Karurd pretectedrfaresFig.el)) c o mp a s

which covers an area of 1,041 hectares and it is the headquarters for the Kenya Forest Service

(KFS). Adjacent to the Karura forest are the global physical headquarters for the United
Nations Environment Programme (URJE the World Agroforestry Centre (ICRAF), key
governmental installations, foreign Embassies and High Commission offices. Residential
estates in the area are spatially distributed based on economic categorization (e.g. low,
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middle and highincome residenge ( K6 Akumu and Ol ima 2007) .
middle-income residential estates are commonly located at the western and southwestern
parts or in oOocontrolled developmento6 -estate
income residential estates doeated in the middle or eastern part of the area or they are
commonly found adjacent to the high and middisome residential estates and have

comparatively high population density.

3.2 Interviews and Primary Data

A combination of survey, the ES miatand direct observation methods were used to obtain
guantitative and quasjuantitative primary data, which were further analysed using geo
spatial, statistical and nestatistical methods. The survey targeted both the local people and
experts. Beforehe survey, a preesting exercise of the questionnaires was conducted using
seven academic staff members from the Department of Environmental Studies and
Community Development, Kenyatta University, and ten local residents from the study area.
The questionaires contained an EISJLC matrix table. In the ESULC matrix table, four
regulating ES (air purification, drought regulation, flood regulation and storm protection)
were refemwmveéed onome as aiborderioeenhanteeumderdtanding of tig E
concept by the local people. These environmental phenomena are synonymous with
ecosystem disserviceseevon Déhren & Haase 2015) that affected people between 1990
and 2010 in the area and its neighbourhood (i.e. air pollution, drought, flood and. storm)
However, duri ng temevidatnane an avleke Intbigeratcol tadetea 6
absoluté® disservices that are synonymous with the four mentioned regulating ES (i.e. air
purification, drought regulation, flood regulation and storm protectio).LELC classes

(see section 3.3) were presented in the matrix rows from top to bottom, and the
@nvironment anere ipdereed enrthe oadudns. However, during thetgstng

of the questionnaire, it was realized that the respondents filled thix mare easily when

rows and columns were alternated. Besides, the respondents were rather more familiar with
the concept of environmental phenomena than the concept of identifying potential of
different LULC classes in providing ES. Therefore, the axad the content of the matrix
table were alternated. Each LULC classafis) was further accompanied by a photograph of

typical LULC elements, in order to assist the respondents in differentiating among the six

23 An ecosystem disservice is a negative service and has a negative impact on people. By applying #istnefalues
in numbers, then Absgervice) = service.
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LULC classes. The matrix was thus read frira column to the rowthat is, theextentto

which the LULC couldpotentially prevent or regulate each of the four environmental
phenomena. Thdi e x t evast quantified using potential values obtained from local
interviews and expert judgements on a sdesen 0-5. The scale of the assessment was
defined as 0 = no potential, 1 = very low potential, 2 = low potential, 3 = medium potential, 4
= high potential, and 5 = very high potential (after Burkhard et al. 2009, Jacobs et al. 2015).

3.2.1Samplingand®r t i ci pant s6 Selection

The residents in the study area are distributed randomly. This is probably because of the near
even distribution of social amenities (e.g. schools, hospitals, government offices and public
recreation parks) and physical infrastruet (e.g. roads, electricity, sewerage and water
system, housing and commercial centres) in the area (Cohen 2006). However, people of
either low, middle or high economic incoffi@redominantly occupy certain residential areas
(seeAugustine & Odhiambo 2009Y herefore, cluster sampling based on the three categories
of residential areas was used to ensure inclusion of respondents from the low, middle and
high-income residential estates. Random sampling was further used to pick respondents from
each residentigestate. A total of 113 local respondents were orally interviewed, where each
of the three economic income groups contributed approximately a third of the sample size. In
order to select a sample for expert interviewees, a sample frame of 30 expertedvandi
purposive sampling was employed to select 11 experts from governmentgbhvernmmental

and private sector organizations, whose mission relates to natural resource management.

3.3 Secondary Data Collection

Besides primary data collected througiterviews, secondary data was obtained from
literature, LULC maps and orthectified photeimages for the period between 1990 and
2014. The LANDSATgenerated LULC maps with a resolution of 30 metres for the years
1990, 2000 and 2010 were obtained frdva Regional Centre for Mapping of Resources for
Development (RCMRD¥ and the Kenya Forest Service (KFS). Orthotified photeimages

for the years 2003 and 2014 were provided by the Surveys of Kenya (SoK) and the RCMRD

respectively. Colours for the LULClasses are as follows; Settlement Mars Red

2 https://dhsprogram.com/pubs/pdf/fr308/fr308. pdf
25 http://www.rcmrd.org/
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Forestland =Leaf green Cropland =Solar yellow, Grassland 4. emongrassOther land =
Black and Wetlands =Cretean blue Backup literature materials for secondary data
emanated from the following organisatsorFriends of Karura Forest (FKF) (a community
forest associatidfi), the KFS (a state corporation for managing forest resciiyctie Kenya
Forest Research Institute (KEFRf) the ICRAF®, the Greenbelt Movemefit UNEP and
the UNDP.

3.4 Analysis

341/ solute 6donord and O6recipientd of LULC C

The term 6donoré refers to a LULC class tha
classes, whereas Orecipientdé refers to a LUL
other LULC classes durig and/ or after a LULC change. 0
identified using geespatial area calculations based on the LULC maps for the years 1990,

2000 and 2010. The gespatial areas were analysed using a combination epgsmessing

tools from Geogaphic Information System (ArcMap 10.3), Statistical Package for Social
Scientists (SPSS 23) and Microsoft Excel. ArcMap was used to spatially track changes in
polygons of each LULC class in the study area. From the years 1990, 2000 and 2010, two
periods & ten years each were formulated (iperiodl refers to 1992000 andperiod2

refers to 20002010). A comparison betweanor andrecipientLULC classes in the two

periods was then conducted using the intersection spatial tool in ArcGIS. After owgrlayin
LULC maps for di fferent years and computing
attribute table was exported to Microsoft Excel for further rearrangements and summations of
areas in hectare for both tlnor and recipient LULC classes. The exportah of the

attribute tables was due to the fact that Microsoft Excel is more flexible in manipulating non
spatial data, and although more analyses are possible with SPSS than in Excel, the table
format of most SPSS outputs are incompatible with attritaltée$ in ArcMap. To identify

donorandrecipientLULC classes, the following two formula expressions were used:

26 http://www.friendsofkarura.org/

27 http://lwww.kenyaforestservice.org/
28 http://kefri.org/

2 http://www.worldagroforestrarg/

30 http://www.greenbeltmovement.org/
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(i) Absolute donor=DonatiofiReceipt(overall losses are greater than overall gains that
lead to shrinking in spatial area) and;

(i) Absolute recignt=ReceiptDonation (overall gains are greater than overall losses
that lead to increase in spatial area)

3.4.2 Potential of LULC Classes for regulating ES
In order to quantify the regulating ES potential of each LULC class, LULC change between
1990 and 2010 were investigated. First, the percentage area variations for each LULC class in
periodl and period2 were calculated using the single land use dynamicity model formula one
(Liu et al 2015);

Lp

—E-ta 1009 (1)

o

K =

Where: K is he percentage variation of area of LULC class in a given peripdnd La refer
to the LULC area at the end and beginning of a period respectively

Second, LULC changes were classified intdra-variation and inter-variation. Intra-
variation refers tochange within one period, whereaser-variation refers to the difference

in changes between the two periods. The imenaation change characterization was
conducted through spatial overlay of two spatial data sets of the same LULC class but for two
different years. Intevariation change was calculated by subtracting the subsequent intra
variation change from the initial intnaariation change. In this case, the intEiation
change in period2 (2002010) is subtracted from the intvariation chang in periodl
(199G:2000). Calculation of the intafriation change for each LULC class is represented in

the formula expression two below (author);

KLE,._L—ELLE._) _ (Lsz:ﬂ)] x 100% (2)

Where: L, and L., refer to the LULC area at the end and beginning of period one

respectively.L,_ and L., refer to the LULC area at the end and beginning of period two

respectively.
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3.4.3 ES Matrix

The approach links geospatial units (in the rotes3electecES (in the columns) indicating

the potentials of, for example, LULC classes to supply selected ES (Burkharcd2€0%

2012, 2014; Jacobs et al. 201%).order to map the ES potentials of the various LULC
classes, the output maps from thenaiyicity model were linked with the potential scores
from the ES matrix that emanated from the interviews (Fig. 2). However, the matrix scores
from the individual interviews could not be linked directly to the spatial output from the
dynamicity model. Theafore, the SPSS software was used to calculate mean values from the
individual matrix G5 scores. The resulting SPSS table of matrix mean values was exported to
ArcMap for spatial join and further analyses (see Jacobs 205 for further elaborationlt

is noteworthy that the matrix mean values were rounded up to the nearest whole number
before linking them to the respective LULC classes to give an ES matrix. In the ArcMap, the
ES matrix was joined to the attribute table of the six LULC classes [igs#ation in Fig. 2).

The regulating ES potentials of the LULC classes for the years 1990, 2000 and 2010 were
distinguished by assigning different colour :
colour scale adopted from Burkhard et al (2014)aly, the potential for the LULC classes

for each of the four regulating ES was spatially displayed on maps.
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Figure 2: lllustrated ES matrix model of mapping ecosystem services (outside dotted line), and its
replicated example using the LULC map amdeiview matrix values for mapping regulating

ecosystem services in the study area (within dotted liAgigpted from Jacobst al.2015.

The methodological steps of the study are summarized in Figure 3. The figure shows that the
main sources of data @l ,ANDSAT images and the survey. The two types of data were
collected and analysed independently at stages 1, 2 and 3. At stage 4, the analysed matrix
values from the survey data were integrated with the analysed LANDSAT images (LULC

maps) to produce ES fmmtial maps at stage 5.
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Figure 3: Flow diagram of methodological steps applied in the data analysis.

4. Results

4.1 Spatictemporal Land Use and Land Cover Changes

Figure 4 presents a few selected LULC classes in the study area. Conversion wd vario
LULC types into settlements in the urbperiurban gradient is a directional process. That is,

the central business district of Nairobi that borders the study area in the south acts as an
epicentre of spatial expansion of settlements to the suburbarh erd perurban zones.
Similarly, in the year 2000 and 2010, settlements also tend to be more concentrated along the
main roads (Fig. 1 & Fig. 5). In 1990, grassland covered 36967 ha and it was the largest
LULC class (Fig. 5).
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-

Figure 4: Photographsfaa few selected LULC classes in the study area. Frorefgphe photos are

labelled in clockwise direction as follows: a) section of the Karura protected forest; b) natural water
pod; c) settlements in the rural section of the study area; d) grassjddoad section; f) maize crop

in the foregroundSource: Author, 8 October 2014.
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Figure 5: LULC changes and the respective proportions in hectares for thea)eb®90,b) 2000

andc) 2010. The matrix table displays the area extracted from edtiCltype in 1990 and 2000 in

the xaxis, and theJaxis represents the area added to each LULC type in 2000 and 2010 respectively.
Therefore, the matrix is read fromaxis to yaxis, i.e., the area extracted from LULC types in 1990
and added to LULC types 2000, and the area extracted from LULC types in 2000 and added to
LULC types in 2010.

Croplands and grasslands were adjacent to the urban settlements in 1990, and their areas of
6796.16 ha and 6025.31 ha respectively were converted into settlemeinés yiear 2000

(Fig. 5). As own field observations showed, grassland comprised of wildly growing bushes

in undeveloped land. The land titling office at the Surveys of K&nshowed that the
grassland was owned by both private and public entities, assvielhd held under block&d

companiesd title deeds. The inquiries from

31 Surveys of Kenya is a government institution manduidelcilitate surveys and research, to produce and maintain plans

of property boundaries in support of land registration and to ensure security of landtteptoduce and maintain plans of

property boundaries in support of land registration and to ensure guarantee and sétamitytenure, to produce and

continuously update national topographical basic maps for the whole country at various scalesdpraat planning and

for production of other maphttp://www.ardhi.go.ke/?page_id=28

2Bl ocked companyods |l and Title Deed refers to land that is
development of the land must be approved by atetiolders, and that any subdivision exercise must be communicated to

the land titling office for purposes of updating cartographic and geospatial maps of the land.
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(individuals and companies) mainly prospected for high land prices in the future, a time they
would subdivide the land among the shhodders or develop it to make higher returns of the
investment. In 2000, the number of development projects on the grassland area was
increasing. Parts of the privately owned grasslands were excised for the expansion of
residential estates, whereas the Il owned grasslands were developed into public
physical infrastructure (sefeig. 1 for the Eastern Bypass road that was completed in year
20123 and other social amenities. In 2010, a grassland area of 2460.16 ha and a cropland
area of 6069.16 ha wereirther converted into settlementBid. 5). Consequently, the
proportion of settlements has increased from 10.77% in 1990 to 26.64% in 2000. In 2010,
settlements accounted for the largest proportion of 37.16% in the area. Surprisingly, the
overall declineof cropland between 1990 and 2010 was only 0.46% compared to the 26.43%
decline in the grassland area in the same pefiadlé ).

' Settlement

Forestland

639.85] Cropland
_ Grassland

{336 57} Otherlands \U]-U_Ul
587 97 Wetlands 276 551
T
-20,000.00 -10,000.00 0.00 10,000.00 -10,000.00 45,000.00 0.00 5,000.00 10,000.00
Area (Ha) Area (Ha)
Period1 Period2

Figure 6: Comparison of LULC change between the periodl and period2 indicating the absolute

donors (blue) and the abaté recipients (red).

Periodl in Figure 8hows that except grassland, the area of all the other LULC classes had at
least increased slightly between the year 1990 and 2000. This means that in period1l grassland
was the only absolute donor, whereas craplagettlements, forestland, wetlands and
otherland were absolute recipients. Between 2000 and 2010, all LULC classes except
settlements changed from being absolute recipients to absolute donors and hence their overall

spatial area decreased.

33 http://civil.uonbi.ac.ke/content/perfomanaaalysisnairobieasterdbypassnairobieasten-bypasscapacityandlevek-
service

96



[Mapping Ecosystem Services] [Resource Management] [Humabaiel] By: Peter W. Wangai

Table 1: Areaof each LULC class for the years 1990, 2000 and 2010 (a), and the respective
percentage of the total area (b).

(a) Area (km?)
Year Settlement Forest Cropland Grassland Otherland Wetlands Total
1990 85.40 40.17 289.81 369.67 4.61 3.49 793.16
2000 211.29 49.13 295.49 219.88 7.95 9.42 793.16
2010 294.77 37.48 286.18 160.07 7.95 6.71 793.16

(b) Percentage (%) area of each LULC class per the total area in each yvear

Year Settlement Forest Cropland Grassland Otherland Wetlands Total
1990 10.77 5.07 36.54 46.61 0.58 0.44 100
2000 26.64 6.19 37.25 27.72 1.00 1.19 100
2010 37.16 4.73 36.08 20.18 1.00 0.85 100

For the land use change variations, values are calculated according to the single land use
dynamicity model described section 3.4.2and tle comparisons of values are presented in
Fig.7. Variations within periodl are positive except for grassland, whereas thepéntoa
variations for period2 are negative except for settlements and otheAanghtra-period

value with a negative sign meaasreduction in area, whereas a positive sign indicates an
increase in ared(g. 7).

100

Percentage (%o)

-100

settlement Forestland Cropland Grassland Otherland Wetlands
MPeriodl 147.42 22.29 1.96 -40.52 72.42 169.49
M Period2 3951 -23.72 -3.15 -27.2 0.00 -28.79
M (Period1-Period2) 107.91 46.01 5.11 13.32 7242 198.27

Figure 7: LULC change variations for periodl, period2 and upteriod (periodiperiod2).
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4.2 Interviewbased LULC Potential Values for regulating ES

Although ESpotential values for each LULC class were derived from interviews with both
the local people and expertaq. 8), the mean values used to generate the maps of regulating
ES emanated from responses of the local people (rounded up to two decimal places).
However, comparing the two groups shows that the mean scores of ES potential values from
experts were higher than those from the local people. Similarly, the variances of scores given

by the experts were smaller than those given by the local people.

.Expert mean
M| ocal mean

B Espert variance
M| ocal variance

Value

Air Drought Storm Flood
purification  regulation pratection regulation

Regulating ecosystem services
Figure 8 Variances and means of the matrix scores from experts and local people for different

regulating ecosystem servicesd potentials.
4.3 ES Potential Maps

Figure 9ad displays the potential of the study area for the four regulating ES. Forests and

wetlands, which are located in the western part of the study area, have a high potential for air
purification. Areas that extend from the middle to the southern part of the area have zero
potential to purify air and they are predominated by settlements. IMotadmn 1990 to 2010

the area of forestland and wetlands was relatively constant whereas the area for settlements
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tripled. In 1990, settlements comprised 10.77% of the area and it had zero potential to purify
air. The area increased by more than threegim 2010FKig. 99).
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Figure 9: Maps showing the potential of the area to regulate four ecosystem services; a) air, b)

drought, c) storm, and d) flood in the year 1990, 2000 and 2010.
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All LULC types except otherland have at least a potentialescot©O 1 for flood
regulation gee Fig. 9. Settlements haveery lowpotential to regulate both flood and storm
events. Unlike thevery low potential (score 1) of cropland to purify air and to regulate
drought, the LULC class is comparatively mamgortant in regulating storm and flood at a

low potential (score 2)Hig. 9a & b). Although grassland is rapidly declining in size, it has a
mediumpotential for all the four regulating ES. Comparatively, the percentage of the area to
purify air with a sore of 3 and 4 decreased from ~52% in 1990 to ~25% in 2010. However,
the percentage of the area referring to drought regulation with the same scores decreased
from ~90% in 1990 to ~62% in 2010. Wetlands have a more important role in regulating
floods (scoe 3) compared to storm prevention (score 2). Forestland is the only LULC class
that hashigh potentialfor the four regulating ES in the area. However, its proportion of the
total spatial area between 1990 and 2010 remained below Ti&Ble (D).

5. Discussion

In 1990, grassland occupied about fifty percent of the total study area, whose parcels were
under private or public ownership. The survey revealed four explanations. First, the grassland
comprised of undeveloped land, whose private owners werelapeguor probably higher
monetary values in future. Second, the utilization of some parcels of the grassland was partly
because of unclear and multiple ownership claims that led to pending legal cases to determine
the rightful land title owners. Third,ome private landowners were financially unable to
develop the land. Fourth, the government had not allocated financial resources to execute
projects in line with the existing infrastructural and physical development plans of the area.
These findings parthconcur with Olima (1997) and Klopp (2012), who argue that- non
utilization of land in Kenya was caused by inefficient land administration and management,
which could relate to approaches in natural resource development by an existing political
regime. In ddition, inadequate economic capacity by individuals, companies and
governments may impede utilization and development of land resources, even with clear
investment ideas and plans. For example, between the years 2000 and 2010, there was a
massive convergin o f grassland into settlements. | n
2000 and 2010 represents a time of political and economic transition. Politically, a new

regime based on multiparty democracy took over the leadership and seemed to have had a
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strong civil support (Whitaker & Giersch 2009). Economically, foreign direct investments
(FDIs) increased (Ongore & Kusa 2013), the banking sector decentralized its services and the
banks availed more development and investment loans to Kenyans at affordablenchte
terms. In relation to these sogqolitical and economic dynamics, land use changes
drastically increased in the area.

The LULC dynamism among settlement, cropland and grassland emerged to be a crucial
consideration in determining ES potential lo¢ tarea. This is because the three LULC classes
comprised over 90% of the total area in 1990, 2000, and 2010, and a change of their
composition could cause huge biophysical transformations. Therefore, Figure 10 presents a
framework relating the three LULClasses to the likely causes of the observed effects.
Referring to Figure 5, for example, the study area was predominantly grassland in 1990.
However, in 2010 the study area was dominated by settlements, whereas cropland remained
almost constant in the ae Although the study did not investigate the reasons for the
relatively constant size of the cropland and its lowest-pégiod land use changes, it could

be probably because of its role in providing food for the growingyréan population. The
cau®s of the identified changes are related to the political regime, social policy, demography,
physical planning, economic policy, environmental phenomena and technology that influence

LULC utilization and management, and favour the direction of observedeba
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Figure 10: Causeeffect relationships based on settlements (red), cropland (yellow) and grassland
(light green) LULC dynamics in 1990 (left side) and 2010 (right side), whose effects on the LULC

are displayed by the dotted brown box inthiedle. S1, C1 and G1 refer to the area proportions for
settlements, cropland and grassland in 1990 respectively. S2, C2 and G2 refer to the area proportions
for settlements, cropland and grassland in 2010 respectively. The brown-tlealdkd arrow

repregnts possible shift from S1 to G2 or vice versa.

Between the years 199010, various LULC classes were converted to settlements as a way
of ensuring provision of enough housing and physical amenities for the growing human
population. The direction in vith the additional settlements occur is from south (near city
centre) to north, and along major roads that connect smaller towns in the neighbourhood.
Although grassland, forestland and wetlands decreased in area, it is interesting to note that
they are Ml for regulating ES. This was confirmed by their high potential values (matrix
scores) compared to the low potential values assigned to settlements and cropland. For
example, the reduction of forestland between 2000 and 2010 and the erection of ddditiona
settlements could partly explain the frequent flash floods in the recent years. These LULC
changes contribute to reduced percolation of runoff water into the underground water storage

and the obstruction of the natural rivesurses by the unplanned $attent$* in the area.

34 http://www.nation.co.ke/news/Shamébuildingson-city-river/-/1056/2722750/4lst18z4/index.html
http://www.nation.co.ke/lifestyle/DN2/Whgaturatdisastersarehereto-stay//957860/2719406/avOnrezf/index.html

Flooding in parts of Nairobi occamlmost everyear. Pubic and scientific discussiahave been held to find the causes and

offer solutions. Some people argue that the Nairobi engineering department was to blame for poorly designed drainage
systems. The reasimg behind the argument is that the surface area of the paved ground in Nairobi causes higher volumes of
run-off water compared tthe decades before. A second argument targets on unplanned settlements that encroach on river
courses. The reasonimg base onthe fact that when phycal structures were erected acrths river coursg they block
waterfrom flowing downstream and accumulate at the upper catchment. Eventualiyetisebreak their banks and cause
flooding. Scientifically, hydrological paesses can cause persistent rainfall on already saturated soils causing high rates of
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Concisely, the ES maps portray a general trend of declining potential of the area to provide
regulating ES over time.

In the first paragraph of this discussion, reference is given to some reasons-iiliz&ton

of land and redted natural resources in the area, and how economic and political changes
acted as catalysts of natural resource development and LULC changes. Nevertheless, the
consequences of LULC dynamics portrayed in Figure 10 are the decline of regulating ES
potentid in the area. Therefore, although the economic and political impetuses are crucial in
unlocking development of natural resources, the concept of ES mapping could guide
decisionmakers and local people on the most practical and optimal development path to
followed in order to realize sustainable provision of ecosystem services to people.

6. Uncertainties

Study Area Selection and Delineation of Spatial Boundaries

The selection of the study area boundaries faces the dilemma of ensuring accurasgnpreci
costeffectiveness and timely completion of the research project. In spite of this dilemma, we
delineated the study area boundary based, not on the defined administrative boundaries, but
on the research obj ect-uwlkeaeadha dre duthned irdchaptern i t i ¢
1 and 2 respectively. Such criteria of selecting a study area has uncertainties regarding data/
information availability and access (Hou et 2013), and timely administrative approval of
research licences. For examplénce the area comprises of several sections of the set
administrative boundaries, soeg@onomic and demographic data could only be estimated,
and the possible multiple administrative authorisations and approvals to conduct research or
access data may takenger time than planned, hence affecting the project timelines. On
crossborder jurisdictions on environmental management, Luderitz €@l5) acknowledge

the difficulty of accounting for ecosystem services or disservices that originate from outside
the study area but impact on people and the environment within. For example, loads of
pollutants originating from outside the study area and released into the atmosphere within the

study area could be misleading to both policymakers and the local pebplpolicymakers

runoff beyond the capacity of river channels and drainage systems (Adeloye & Rustum RAadtBjitet al. (2005) view
flooding as a result dEULC changewhere vegetatio is cleared and land is convertedingperviouspavemerg (urban
areas)encepreventing normal infiltration of water to the soilfese anthropogenic activities are compounded by climate
change Barkeret al.2007)and make flooding one of the majorafisers of the Z1C.
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may attempt to design internal control policies instead of designing -looodsr or
collaborative pollution control policies to mitigate the air pollution. The local people may
have a wrong perception that the policymakers have failedbtoton and control the source

of air pollution in the area. This means that whenever the study area boundary does not
coincide to the defined administrative boundaries, uncertainties relating to different

jurisdictions are important to consider.

Data Isstes (LULC Maps, Generalisation, Spatial Resolution, temporal Variations)

The study relied on available gspatial maps with limited numbers of LULC classes. The
accuracy of LULC change calculations is affected by the spatial resolution and the method
with which LULC classes are differentiated. With a map resolution of 30m and six LULC
classes, details of changes over time could not always be detected. Besides, there is no
information on to whether the definitions of the LULC classes for the maps are Gdhnee t
definitions used by t he gover nment . For
Biodiversity atlas distinguishes forests by their canopy ¢é\arch asvery dense(>65%
canopy cover)moderately dens@l0-65% canopy cover) anopen(15-40% canopy ceer).

These distinctions reflect differences in the ES potential of a given forest. It is not clear
whether such descriptions were considered (or weighted for aggregation) in the LULC
classification in the LANDSAT maps. If no, then some difficulties coeitderge when
interpreting results for the national level application due to the high aggregation of LULC
classes (Hou et al. 2013). One method to address uncertainty in LULC classification is a
comparison of the same data from different sources (Hou @0&B). However, this can
unfortunately not apply in datscarce areas with only limited sources of data. To address
such uncertainties and ensure a compelling reliability of LULC maps use in a study, the
source of the gespatial data should be crediblerFexample, the source of our LULC maps
was the RCMRD, which is an intgovernmental organization in Africa with over forty years

of experience in generating, applying and disseminating accurate geospatial infotimation
The RCMRD also collaborates withextgies such as the Environmental Systems Research
Institute (ESRIY’ in order to share new knowledge and technologies for improving accuracy

in geospatial information. Additionally, the use of landscape photographs to help understand

35 hitp://www.environment.qgo.ke/
https://www.scribd.com/doc/300024936/KerssblaturalCapitatAtlas
36 http://www.rcmrd.org/organization/

87 http://www.esri.com/
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the matrix table, we asmed that the respondents could better understand the LULC classes
and be able to assign potential values from a more informed point of view and hence improve
on accuracy. This means that inasmuch as this data is concerned, it was the highest quality
dataavailable at the time. On overall, the uncertainties have been highly minimized through
field visits to check the data, though some generalization and assumptions were to be
tolerated.

El Nifio and La Nifla Impacts

Kenya and East African countries exgee alternating BNlifio andLa Nifia events (Ogutu

et al. 2008). The BNifio causes extreme wet conditions whileNifia leads to extreme dry
events (Kuenzer et al. 2009). The two phenomena alternate with each other, whétéiuy El
occurs at intervals adipproximately five years. Notably, Kenya experienced devastating El
Nifilo impacts in 1992993 and 1997/98 (Ogutu et al. 2008). A recentNifa event
occurred in 2009, where the drought led to fodder and biomass scarcity and hence the death
of wildlife andlivestock (Wangai et al. 2013). Since these events took place within the period
of the satellite imageapture of our LULC maps, there was a possibility of influence on the
detected LULC types. However, no extreme event that exactly coincided with teeoyéae
imagecaptures (i.e. 1990, 2000 and 2010). Furthermore, the study area is part of the high
altitude and high precipitation zones in Kenya where most tree species and vegetation types
are evergreen, therefore the Hifio and La Nifia may have onlyninimally affected the

natural vegetation cover.

ES selection (representative for the study area)

On one hand, there was bias in selecting the four regulating ES because the area had more
regulating ES that could be investigated. On the other hand, tticy svas targeting
regulating ES of high concern to the local people in the recent time, as well as to pick a
manageable number of ES within the time and cost limitations of the study. Therefore, the
four regulating ES assessed are deemed representativbefostudy area because their
importance is widespread and local people are able to distinguish them appropriately.
However, more knowledge and public awareness about ES could increase participation of

local people in mapping further ES in the area.
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Expet s and Local I ntervieweesd Selection and

Hou et al (2013) postulate that continuously learning about the object under study could
significantly improve the | earner oOeisstihder st
uncertainty about what consgnaint oppésni ambdde Epem
group of experts, their responses vary depending on their experiences in working in similar
projects. The variation is even larger between groups péréx from different disciplines.

However, type of profession, skills, experiences and motivation (Jacobs et al. 2015) of
experts were used as criteria to pick the most suitable interviewees. Another question is
whether the same ES potential values wdigldisted, if the interview would be repeated later

with the same respondent(s), considering that the ES potential values assigned to LULC
classes in 1990, 2000 and 2010 are from atione interview. Therefore, there is uncertainty

in assuming that the tierview responses would be the same across different temporal scales.
Although landscape photographs were used to enhance precision in assigning ES potential
values for the various LULC classes, there are contentions from Peeck (1993) stating that
pictures and illustrations do not always lead to better cognition and comprehension of the
message. This is an uncertainty because we did not verify whether the level of
comprehension about the task improved after providing the photographs. Moreover, unlike
thepr obabilistic random sampling used for sel
sample selection was conducted through a-praabilistic purposive sampling method.
Furthermore, some experts have very tight working schedules and sometime weupnde
interviewing O0delegated expertso. Above al/l
ecosystem services is relatively new in Ken)

well affect expert responses.

Crosscultural communication skills arimportant for a meaningful transfer of intentions

(Erez 1994). Whenever misunderstandings emerge during interview progression without the
knowledge of the researcher, the quality of the data could highly be compromised. For
example, a question designaal dlicit ecological informationa b o u t the o6driest
little or no rainfall) as experienced by the interviewee over time could have a different
interpretation resulting inteconomic informatom bout t he &édriest year 6

low monegary cash flow, financial hardships and financial crises). The possibility for this
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uncertainty is not only limited to crossiltural (different countries) differences but applies
also to inter and intracultural differences (same country but differeitingt groups).

Weaknesses and Strengths of the Matrix Approach

Although Jacobs et .al(2015) discuss the weakness (perceived or real) of the matrix
approach, our experience shows that the approach is further vulnerable to incur errors in the
results dueo its insensitivity in detecting errors in the data. For example, even for unrealistic
potential values for certain LULC classes, the results will still display. This means that a
manual control of value errors (i.e. outliers), although it is a-tiovesuming exercise, needs

to be undertaken. Notably, as far as local people have to be interviewed for the quantification
of ES in urban and pedrban areas, LULC classes related to their economic activities will
very likely score higher and the respondentdl \Wkely portray more knowledge in
comparison to other LULC classes in the area. For example, respondents that practiced urban
farming seemed to understand O6drought regul
reasons for the potential values theyigiesd for each LULC class in relation to drought
regulation. This is because drought is a major impediment to a successful farming

occupation.

However, the matrix approach has proved to be highly applicable in the study area, which is
characterized by datscarcity and relatively low local knowledge on ES. With a-well
controlled interview process, the approach perfectly captured experiential and indigenous
knowledge of the local people concerning the existing ecosystem (dis)services. Using the
spatiectempaal LULC maps, it was possible to reconstruct ecosystem services provided in
the past decades as well as the potential of those LULC classes for present ecosystem
services. The matrix approach has the ability to actively involve stakeholders (expelts, loca
people, local leaders and resource managers) in research and deaiking in the early

stages of the research project. Regardless of where the ES potential values are obtained from
(survey, expert opinion, statistical data, modelling data etc.), tlagrixmapproach
accommodates and works with all of the data sources. In order to generate ES potential
results, the matrix method uses simple-gpatial steps as illustrated kig. 2, which can be

learnt and applied easily by people with basic knowledg&IiS. Besides, Jacobs et al.

(2015) argue that our natural systems are changing faster than the pace at which new
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scientific innovations are realized. Certain changes are so critical that science has no option

(to wait longer) rather than to use any aabié knowledge and tool to aid in progressive
decisioamaking. Jacobs et.gl 2015) t hus peseéemrmti naydoodi ¢ e menp
the same dilemma led to the proposition and adoption opteautionary principlé®. We

view the matrix method as approach that complements the precautionary principle in the
science of ES mapping. Whenever the precautionary principle is not adhered to, there are
high chances of sliding back into the complicated and costly process of environmental
restoration justicg® (Preston 2011). Besides, as far as the matrix approach is not contested in

its ability to aid in averting such irreversible sceicological damage and economic
retrogression, it remains a relevant approach that keeps lprgpke science of ES forward.

Results Interpretation; Reproducibility, Reliability

Accurate interpretation of results is vital for policy and decisiakers. As pointed out
above, the interpretation of results is relatively easy whenever the LULC classifications in the
digital mapsmatch the national or local municipality classification. In cases where the two
classifications differ, a concerted effort is needed to explain how the aggregation was
conducted in the generation of LULC classes. In this case, the researcher must dégnonstr
commitment to address the potential misinterpretations. We also propose a seminal training
to stakeholders on how to interpret ES potential maps, especially when it was the first time
for the stakeholders to participate in such kind of research. Hall €2013) foresee a
potential challenge in transferring results to other regions (of the same or larger
areas).Usually transferability is only possible if we are dealing with areas of the same natural
and humarmade conditions. This is, however, diffitwd find in practice. We nevertheless

see a high reproducibility of the methods elsewhere when the proposed research methodology

is followed systematically.

38The pecautionary principle states that in casa lafck of scientific certainty that a certain policy or activities shall cause
widespread irreversible damage to humans and the environment, theijestification of inaction or failure to take cost

effective measures to prevent such damage.

http://unesdoc.unesco.org/images/0013/001395/139578e.pdf

39 Restorative environmental justice aims at starting a reparation process by identifying victivisooihesntal crimes for
purposes of compensation (jurisprudence) or by paving for reconciliation (philosophical/ emotional) between the victim and
the offender. Compensation against environmental crimes is commonly administered and the value is aldaggdigh
accounting for both direct and indirect damages.
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7. Conclusions

It is generally observed that there is a strong relationship between LUL@<lasd the
regulating ES potential. The matrix approach is appropriate in establishing these
relationships. It has been found that changes in LULC proportions are very likely to cause a
drift in ecosystem services potentials. Humans as the main drivetkaofje have been
involved (as stakeholders) in reflecting spdagmporal trends of ES occurring in their
locality. This active participation is embedded within the approach itself and is a strength and
an opportunity to capitalize on. In specific termay gonclusion is hereby referring to the
guestions raised in the beginning of this paper;

To what extent has land use changed over time?

For the twentyyear period covered by the LULC maps, all LULC classes underwent spatial
changes. There was also aarled intraperiod change variation of more than-{+20%

during the two periods (1990/2000 and 2000/2010), except for cropland (botpenives)

and otherlands (intrperiod2). In 1990, grassland was the most common LULC class in the
study area, whit was mainly converted to settlement by the year 2010. The destruction of
vegetation cover and draining of wetlands in the area has reduced the regulating ES potential

of the entire ecosystem.

How could interviews with local people be used to obtain piaievalues of various LULC

classes to provide regulation ES?

Obtaining potential values for different LULC classes using local interviews is a sensitive
process. The process of selecting ES relevant to the areamestimg and the actual
engagement ohterviewees in the exercise requires proper planning, high flexibility of the
daily fieldwork schedule and detailed knowledge of the social, cultural, economic and
political dynamics of the area. However, when the interviews are well executed, the
participatory process results in ES potential values that are a real response to an

environmental management question from (and relevant to) the local people.
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How is this LULC change connected to the potential for the provision of regulating ES?

From the ES gtential maps, the matrix potential value of a LULC class in providing
specified regulating ES remains the same, except for the size of the LULC class that changes
with intra- and interperiod LULC change in the area. It means that the variations in area

proportions for the LULC classes effect on the overall potential of the area for regulating ES.

Can the matrix method of mapping regulating ES work in-datace areas?

The application of the matrix method of mapping ES potentials in the study area was
successful. The potential of different LULC classes for regulating ES was displayed in maps.
The maps capture the potential of LULC classes for regulating ES at different temporal and
spatial scales, despite the unavailability of documented data. Th& mathod also ensures

interaction and participation of local people at early stages of gathering scientific information
of their locality, and this forms a smooth transition in designing policy responses to the

identified ecological challenges in lateages.
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Inadequacies in the indication of cultural ecosystem services (CES) are a hindrassessing their
comprehensive impacts on human wellbeing. Similarly, uncertainties about the quantity and quality of CE:
in real time and space, have hampered the ability of resource managers to precisely take responsi
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Results show that the participaty identification of CES and human wellbeing indicators could improve
their transparency and comprehensibility. The environmental policy formulation and implementation
processes have been demonstrated. The tripartite framework of-CiE#n wellbeingDPSIRhas
demonstrated more linkages and feedbacks than initially indicated in the cascade model. For polic
formulation and implementation, appropriate communication of results is mandatory. This is illustrated by
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indicators even at this time of urgency to bridge the gaps existing in CES and human wedibeargh.
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Highights between ES and human wellbeing. The ES framework
by the MA could be termed the most dratma shift
-ldentifying and qualifying indicators of cultural from the view that wellbeing is about focusing on the
ecosystem services and human wellbeing. ends only, to a holistic view of linking the ends to the
-Integrating cultural ecosystem services and human means and understanding the iterative processes that
wellbeing into the ecosystem services cascade are included (Duraiappah 2002; Abunge et al. 2013).
and DPSIR models. Provisioning, regulating ancultural ES demonstrate
-Closing loops and links between human hyeing, direct linkages to human wellbeing. Although there is
policy formulation and policy implementation. recognition of varying strength of the linkages, it was

-Simplifying interstakeholder communication with ot the intention of the MA (2005) to create a
out distorting the scientific message. hielrlarghy Olf impg”at?ceM‘Izég‘;) ES kcategorie; kto

o wellbeing. Instead, the makes a quic
Case study application in Kenya. NBFTSNBYOS (2 GKS OFNEAYS
the three ES (provisioning, regulating and cultural)
ducti categories. It emerges that on overall, CES seem to
1 Introduction KF @S GKS t2684a0 WLRGSYGAI
means that human inputsra limited in generating
substitutes for CES.

( :Itural ecosystem services (CES) are defined %]g ecosystem and environmental sciences, indicators
ave been defined widely (Mduller et al. 2000;

the intangible benefits of ecosystems to people (MAvietzger et al. 2006; Miller & Burkhard 2012). In this

2005). BeS|des_ regulating ~ and prOV|S|on|n% per, we refer to the indicator definition by
ecosystem services, CES are one category dzioras i b P , LI )
andzioraS U OHAOAMO pnou

ecosystem services (ES) (CICES, http://cices.euf; ) _ _ _
HOPNHOPHAMTO® 9{ | NB RSTXYDIRS whigh pipvide aggrepatodiinigimaien fe v
ecosysem structure and functiong in combination certain phenomena and are comprehended as
with other inputs¢ to human weHbeing (Burkhard et depictions of qualities, quantities, states or

al. 2014). In order to determine the impact of CESoA y (i SNI OliA2ya GKIF G FNB y?2
humans, they need to be linked to the humaninadequacy (quality andjuantity) of CES indicators
wellbeing (Turner & Daily 2008). Unlike CES that atgas hampered research on the linkages between CES
widely ddined in literature (MA 2005, Chan et al. ;nq human wellbeing. For example, Hernandez

2012; Daniel et al. 2012; Plieninger et al. 2013; Lﬁ - -
: . “Morcillo et al. (2013) confirm that only 38 (11%) of
Rosa et al. 2015), attempts to define human wellbein he total numb(er of )ES indicators in %/he M(A rep))ort

have remained on a conceptual level in most cases. o
Wellbeing depends on both material and nonmaterial€fer ©© CES. However, the mber of CES indicators

(intangible) inputs from ecosystems and sociahave ,increased_ from 38 in 2005 to 70 in 2012
interrelations, but most of the human development (HernandezMorcillo et al. 2013).

agendas have discriminatively emphasised on o o o _
material goods and services (Alkire et al. 2011). Thi8 the applications of ES indicators in biodiversity and ES

tends to overlook the fact that the quality and research, CES indicators account for only 6%, which
quantity of the A y LJdzi & NXBIj dzA NI R leads 2oNhadéquatepdeBaciign NIBIRmeasarent of
gSttoSAYIQ INB ol aAaorffeva@ayaiaNizgRa (ABYy RKS KHzY )l 9
and depend on the context, an individual, apeople,of KS a il GAZGAO0A YI&FXED I HR
an institution (Daniel et al. 2012). Nevertheless, thejefining new indicators, it should be noted that the
MA (2005) availed five universal constituents Ofqiity of indicators is similarly quintessential and

human vellbeing (se_curity, k_)asic material for go(.)dshould not be comproméd in the rush to address the
life, health, good social relations, freedom of choice

and action), which became a platform for assessin&J Ij_ dzt y'u A d _é 3+ LA 7\)/ 94 . Ay
the linkages indicators determines the reproducibility, adoptability

and extrapolation potential of results in social, cultural,
political and economic contexts.
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Muller and Burkhard (2012 p. 26) argue that sincendicators, this paper is focusing on the development
9{ &OI yrstéo8 asdhé Rifct and indirect and application of CES indicators as a prereauisit
contributions of ecosystem structures and functionsaddressing CH®uman wellbeing intefinkages. In

T in combination with other inputs to human well  order to operationalize this theoretical
0SAY3a woddd8x 9{ Oy -@ms uwiderstandingliMuRer & Birkhary (ROLZ) prépashido £
argument supported by Kumar et al. (2013). Theinterg 2 NJ] 6A G K WO2YLINBKSyaAgs
linkages betveen ecosystem structures and processeso  ensure  appropriate  identification  and
and human wellbeing are demonstrated by thequantificatim of ES, including their traesffs and
wSO02aeaidSY aSNIAO%ang @I syfelgiesS B is uddbubtadiy $oasay that due to the
Potschin 2010) and elaborated by the Driverpersisting underrepresentation of CES and wellbeing
PressureStatelmpactResponse  (DPSIR)  modelin the ES debate (Gee & Burkhard 2010; Sagie et al.
(Muller & Burkhard 2012; Kandziora &t 2013). The 2013; La Rosa et al. 2015; Darvill & Lindo 2015), there
wSO02a2aiGSY &ASNBAOS OF a0is RgerRy farIMdel Bryfpiieiensive sefsiofl OES f(La 1
WLINR RdzOG A2y OKI Ay Q {KI (iRos®©é ¢ly26816)(add huing Ovellbend ihdizatdrs. In-
biophysical structures and processes on the one hantesponse to the urgency, Kandziora et al (2013)
and elements of human well SAy 3 2y { K&npilediaIStNaK riespective CES indicators. In the
(Potschin & Haine¥oung 2011, p. 577)h@ DPSIR ¢ SO2aéaid Sy aSNBA O%oungdRa Ol
model is a framework to identify and analyse thePotschin 20Q p. 116), human benefits and values are
causeeffect relationships resulting from human f 2 O 6 SR 2y (KS OF aolF RSQa
environment interactions (Burkhard & Miller 2008, These EBased benefits and values influence human
Hou et al. 2014, Nassl & Loffler 2015, Spano et alellbeing, which gives meaning to the concept of
2017). The two models assist in capturing theman  coupled humarenvironmental systems (Mdiller &
environment interrelationships that are vital in Burkhard 2012). Qlity of life, which can be
ensuring sustainability of socwcological systems. described by the constituents of human wellbeing
Based on the scantiness of published CES (MA 2005), depends on CES. Moreover,

Landscape structure or
process

(e.g. woodland habitat
or net primary
productivity)

Functions
(capacities)
(e.g. slow passage E
of water, or Service (flows)
A biomass) (e.g. flood
protection, or | Benefits (values)
Limit pressure via harvestable (e.g. willingness to pay
policy action? products) for woodland
5 protection or for more
woodland, or
X Pressures bans el )
) et
—"

‘Intermediate products’

‘Final products’

Figure 1: Ecosystem service cascade (Ha¥mesg & Potschin 2010) displaying benefits and values on
the righthand side of the diagram.
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6 S Ol daimlfly inditiators for assessing CES arénd such as public parks, forests and arboretums,
atGAft dzyRSNRSOSt 2LISRe  6have gxgefiggaed diamagigimoglificagons,nythe past, |
it would be wise to adopt a qualityerifiable gsgemally as a resu,lt ofA public land grabbing. For
method of deriving CES indicators. SEI YLX SZ  3GKS b Rt haizthé | v
] _ aAaadz yos 2F asStSOuUAQGS UA
The relationship between CES and humanssrests for example deliberately excluded a total area
wellbeing depends on the relationshidsetween  f 1125 5 ha from titled areas. The areas left out were
CES supply, demand and flows (see definitions ifhen illegally and irregularly allocated to private
Burkhard et al. 2014). The assessment of CEPS St 2 LISNEE ® 5AYAYAAKAY3
supply (left hand side of Fig. 1) and demand (righfnay result to an overall reduction of Mman
hand side of Fig. 1) are acknowledge in ES researglellbeing and quality of life (Thompson 2002,
(Burkhard et al. 2014). However, spatial delineati Chiesura 2004). For example, it has been confirmed
of supply and demand for intangible CES is hat the presence of forests, public green parks and
challenging task. The challenge is manifespublic recreation sites in urban areas has a positive
whenever researchers are unable to formulateeffect in reducing stress, facilitating physicand
indicators for certain CES (Plieninger et al. 2013). mental healing, strengthening social cohesion and
o community identity (Chiesura 2004, Francis et al.
1.1 Case study Nairobi, Kenya 2012). The stated benefits emanate from CES (MA
2005). The perurban areas, as the new frontiers of
Nairobi is the capital city of Kga with an estimated yrbanization in the 2% Century, set a central age

population of 45 million people (Thieme 2015). for investigating relationships between CES and
Ngong forest (www.ngongforest.org, 24.02.2017)human wellbeing.

Karura forest (www.friendsofkarura.org/thearura

forestresearve, 24.02.2017) and the Nairobi Nationall.2 Objectives of the study

park  (www.kws.go.ke/parks/nairoiationalpark,

24.02.2017) surround Nairobi city. The city is thusThe aim of this paper is thus to elaborate on CES
described as a haven for serenity and beauty byndicators and to demonstrate the linkages
Barbara Wood As new opportunites for between CES and human wellbeing in a practical
employment and business emerge in the city, a largease study in Kegm. In line with this aim, we want
human population from rural area to Nairobi city i to address the following specific questions;
expectgq. Consequently, there is a mounting St'ffl)How can CES indicators be identified?

competition for space between builip areas and
green spaces. The competition is in favour of bullt 2)How can CES indicators be qualified using social,
areas, mainly because of its direct economic gaingyltural and psychological sciences?

(Mundia & Aniya 2005). Land use change in Nairok;ei H CES and h ibeing int 47
occur in both private and public laAdPublic JHow are and human weflbeing inte eds

. _ _ _ o 4)\What do the interconnections communicate to
1 Barbara Wood is an international bestselling female Histen

the United States of America. Her books are thrilling to readerghe Iocall people, decisiemakers and ES research
and have been highly rate@he Green City in the Sdepicts the =~ Community?

beauty d Nairobi as seen by the British during the

colonial period

H tdzofAO fIyR 7\;1 af .I- YR f I 6 T dzf\fs& F%%tQRyZé %3 SR, AZZI\)I/J QQQFOd@éAySeP‘ TN,
organ, exgept any f,uch Ianq ttlat is occupied by ,the §ta}te orga}grg ‘(24102.20172_ § i o )
Fa £SaasSS dzyRSNJ | LINAGI aS Sl as X FYR AYy NBalLISOUu 27 o KA C
individual or community ownership can be established by anyo ¢ KS b Rdzy3Qdz f I yR N LabhellandA a |
f St LINROSaaée o6/ 2yalirlddzirzyINIPOOREAs EAY QI A O e Ra g mhY RS L
t NAGFGS tFyR Ada aNBIAAGSNBR kppraorke/ipdsy php?ogtion=qory gocmaygiaaksdgc_ gz R S N
freehold tenure; land held by any person under leasehold tenu  View&gid=254&Itemid=, 24.02.2017
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2 Reviewing indicator frameworks transparent in communicating resulfsr purposes
of supporting policy and decisiemaking.

A literature overview of CES and their indicators is
2.1 Cultural ecosystem services indicators presented in Tab. 1. Similarly, an overview of
elaborated guidelines of the qualities and criteria

Although the applications of CES indicators in Efr selecting environmental (ecosystem services
research ag limited (Feld et al. 2009), there is a wideindicators is discussed in the literature (Niemeijer &
spectrum of frameworks that attempt to derive, De Groot 2008; Potschin et al. 2016).

define and apply CES and their indicators in L

environmental planning, management and policy 2-2 Human wellbeing indicators

making. For example, Willemen et al. (2008) R L ~ R
delineated cultural heritageand tourism as CES¢ KS audzRe 2F WgStfoSAy3
indicators in the landscape by use of literature andAristotelian eudaimonia O2 y OSLJu 2 ¥ W/
sociceconomic  data.  Similarly, the World (Ryff 1989; Diener & Suh 1997) as thgimal gain
Conservation Monitoring Centre describe the procesghat could emanate from the human search for a

of developing and classifying ES indicators (UNERood life. In the 1950s, psychologists understood
WCMC 2009). UNBNCMC (2009) report thathe WKI LAY S&aaQ a I O2yad NI
exercise of deriving ES indicators has five stepst al. 1961; Seligman 2011), and that high
ecosystem condition, ecosystem functions anddsychological wellbeing resulted in high happiness.
process, ecosystem services, benefits to humalf is argued that it is incorrect to equate or
wellbeing, and holistic impacts to human wellbeinga dzo 2dz3+ U S WgStf 0SAYy3IQ U2
an exercise that becomes difficult as one moves fronghin & Johnson (1978) defined wellbeing in terms
the biophysical state of the ecosystem to the2 ¥ Wl dzr t Ade 2F tAFSQD LY
socioeconomic state of human beings. Chan et ahn individual, the commonly used reference pasit
(2012, p. 15) provide a framework of deriving CEfhe society in which standards are set (Neugarten
benefits and values, and propose that novarket et al. 1961) as compared to individually set

/1 9{ AYRAOFIGZ2NE | yR (KSA NtanddrgsSthat is, measwing thg vafiatrSedatwegry d
discovered2y aAdSé¢d ¢NJ GFf2a IS0 AYIRA GARAA cfOQALINRQRNE I Y
CES indicator framework based on either the supplyfhis recognizes the dynamic nature of the human
or demand of a service. The supgige indicator socety where standards of measuring quality of life
framework acquired data and information from change in respect to societal changes.
Iiteraju_Jre about (semb_ natu.ral environment_al KS RAfSYYF 5 F K2 g
conditions that areassociated with cultural_ bgneflts. prompted authors to redA A A G G K S
On the other hand, the demanside indicator 5GFGS 2F 6Stt6SAYT | dzt
framework assesses the actual flow of -cultural

Dodge et al. 202), which had undoubtedly evoked

benefits based on outcomes of community InOIUIrIeSWidespread criticism (Herzlich 1973). The criticism

and surveys. The process of refining guidelines fozirgues in line with the ecological view that
developing a classificatio of ecosystem service WSl dzAt AGNRdZYQ A& | Ka LR i
indicators culminated with complete frameworks in(Stone et al. 1996), and that referring to an
form of tables and figures for both the scientific andequilibrate sta:[e of Weilbeig and the societadriven

policy applications (BIP 2011; Brown et al. 2014). dynamics of wellbeing in the same breath is a

The underlying similarities in all of the proposedmisnomer. For several decades since the 1940s, the
frameworks are; the needfor an inclusive and USNY WgSttoSAYy3IQ Kla uKdza
participatory  process for all  stakeholders,in health disciplines such as the clinical psychology,
identification ~ of  conservation  objectives, PSychiatry, social psyology (Dodge et al. 2012) and
identification of relevant, practical and cesffective in utilitarian economics (Alkire 2002). It is thus
indicators to address stated objectives, and to be ~ unsurprising for the World Health Organisation

0Sai
G S NY
Ad
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(WHO) to have made concerted efforts to defined multidimensional conceptrequires composite
Wijdz- t Ade 2F fAFSQ 0 aey 2iydcatarsizhictyhaverchamderistics Sfaofjetiivity ¢ -
MPHOTO® 2 KEG A& AGNRTAY3 (Cayavii2R®B). 21 hQa RSFAYAGAZY
inclusion & uKS USNY WYWSYOJANRBYYSYULlf gSttoSAYy3IQZ
which was conspicuously missing in earlieR.2.1 Composite, objective, social and subjeti
descriptions. There is evidence that the evolutionaryngdicators of wellbeing X 5 A
NBEaSI NOK 2y UKS USNXa Wljdza tAde 2F ftATSQ IYyR WgSt
shaped the crafting of the Millennium Development/ 2SVIRAAGS AVRAON (i 2 NE
Goals (MDGs) Qmw.up.org/mlllennlumgoals/, _multidimensional concepts which may not be
24.02.2017) and the resolutions of the World Summ'tCaptured by a single indicator, such as
82 orgS/:\S/tearll?;\?vlses q DZeA\r/gI;grgle%t Fg/rvseigr)nple(W\a'}WCOmpetitiveness, industrialization,  sustainability,
GSNY WsStftoSAyIQ | LIISI Ng’ve"g\e' 9, deyelopm ”é "1?% @%g%?f’ﬂf'”gé%é%gj‘mz
the WSSD report (United Nationsport on the World integration or ‘Rnowledge T a 8 ZOASUEs
Summit on gustainable Deverﬁ)p ment. Renort N02016, p. 37). A composite index is thus formulated by
opr ' b ._aggregating and weighting a group of individual
A/CONF.199/20) and that the indices for assessmﬁgi ators {Ganaxiri. 20 This process eliminates
Widd t Al 2F tATSQ KI @s o dieaprsdGanarii 2016 2 PIOEos & L{_aé Y
. : o .—_._reduntdancies that-originate  from double counting
the transformation achieved in different countries in and error in measurement of individual indicators
line with the MDGs targefs The theoretical ’

tai £ h i . eprovide opportunity to learn and act together,
_repres_enalon p OwW ecosystem s_erVICes A% liminates subjective perceptions, as well as ensuring
intertwined  with  human  wellbeing wa

. S wellbeing comparability across countries and regions
demonstrated by the MA (2005), which CapturesiDiener & Suh 1997, Canaviri 2016). At this patnt,

and ac‘{vevmceg the earlier Aprvoposed QODCVeIOtS O8hould be noted that the aim of composite and socal
WLIKeaAOlt =~ NBaz2dNDSaQ ndichiNF wellb&lf is toMeRiEve Bnds withYhigh
WSYQGANBYYSY uft1889)Y a i S NE Qobjé"cﬂ‘(/ity. Objectivity in wellbeing science is about
Physical wellbeing is part of the seven humareconciling the effect of aggregation and weighting of
wellbeing domains presented in the advancedndividual indicators on one hand,hile on the other
research by the Puget Sound Institute (Biedenweg dtand ensuring adequate coverage of the wide
al. 2014). Physical wellbeing of people depends on thePectrum of wellbeing parameters. For that reason,
availability, quantity and quality of naturaésources. U KS U SN W26 25O icdm@asi@andNb T .
In this context, the Sustainability Society Foundatior$ocialindicators, and that the term& 02 Y LJZ a A U S
aldlG8a GKEGE aKdzylky ¢St tHAZAOAT T4 (hcNRizi A By piavind & 5l
wellbeing is a dead end, environmental wellbeingvellbeing indicators in this paper. The European Joint
without human wellbeing makes no sense, at leasResearch Council lists thirty composite indicators of
not from an anthropocentric point of vietv 6 { { L W&lloeiach glongside details about the developer,

p. 14). The recognition that wellbeing depends orfttributes measured and their descriptions, number
both the state of mind (subjective indicators of Of indicators used, and the numbeof entities
wellbeing) and conditions outside orself (objective assessed (Saisana & Philippas 2012). More composite
indicators of wellbeing) (Canaviri 2016), demonstrate§dicators are presented in the literature (Malik 2013;
the complexity of assessing wellbgi In addition to Canaviri 2016; OECR015; Alkire 2011; Neugarten et
subjective wellbeing indicators, whose awareness igl- 1961; Beérenger & Verdi€houchane 2007;

still limited to date (Alkire 2002), it is argued thatSeligman 2002a; Dodge et al. 2012; R0R6).

wellbeing as

aaf

4 The MDGs targets were evaluated annually for fifteen years fdp The Organisation for Economic-Queration and Develoment
different countries until the launch of the Sustable Deve (OECD) and its Better Life Index for measuring wellbeing.
lopment Goals (SDGs) in 2015 and also referred elsewhere as http://www.oecd.org/statistics/Hows-ife-201560-seconde

Y. Se2yR as5Da guide.pdf (24.02.2017)
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Subjective indicators of wellbeing investigate the leveindicators and shjective wellbeing measures are
of satisfaction, happiess and fulflment of O2 YLIX SYSy Ul Neé¢ ® !t 0K2dzaK
individuals. Diener and Suh (1997) discuss the merif¢oting, investigating the complementarity between
of subjective wellbeing, whereby the researcher andsocial and subjective wellbeing indicators is outside
the interviewees could timely intervene to correctthe scope of this paper. After analysing the
indicator inadequacies, be able to documentliterature arguments and th interests of a case
individual experiences and to sy compare one Study methodology, the paper focuses its attention
indicator across different societies Although on the subjective wellbeing and its connection to
comparability in subjective wellbeing indicators mayCES as presentedsection2.1.

be contested by proponents of objective indicators,

Diener and Suh (1997) contextualize situations where )

WLISNE2Y | £ FdA T AHayr g vale of B MAteralsand Methods

measurement in comparison to several domains

(health, education, and living standards) measured

under the Human Development Index (HDI) as ag.1 Description of case study area

objective indicator (Canaviri 2016).

The case study was carried outanperiturban area
Diener and Suh (1997) outline the weaknesses didjacent to the city of Nairobi, Kenya. The study area
social ad subjective indicators. The most strikingis hived from parts of Nairobi and Kiambu Counties
weaknesses for social indicators stem from the factwww.iebc.or.ke, 24.02.2017) and its boundaries have
that: although child mortality for example, is anbeen delineated by research interests rather than by
acceptable measure of social wellbeing in the worldadministrative districts. The area borders the
the same rate of child mortality in two countries maya I OKI- 1 2a / 2dzyueé Ay UKS ¢
be interpreted differently based on the level of County in the North, and comprises of Constituencies
development and reference point; there is difficulty inand  County Assembly Wards (www.iebc.or ke,
differentiating between goals and means of an24.02.2017) with similar demographic and physical
indicator-for example, a high number of public healthinfrastructural patterns. It has an estimatearea of
officers may be a result of poor health conditions in a’93.15 km? and an approximated population of 1.6
given settlement or a healthy population may be amillion®. The western and southern parts are
result of high number of public health officers; aftercharacterised by a cool highland climate and fertile
aggregation and weighting processes, compositeoils conducive for farming (Makachia 2011) with high
indicators result in oversimplifications and hence ar¢ f G A 1dzZRSa 2F dzZlJ (2 ©@E@T N
losing the information of individual indicators. 2007). The souttwestern part encompasses the
Similarly, subjective wellbeing indicators areKarura forest (Fig. 2), which is jpublic forest
vulnerable to popular historical occurrences, areprotected according to the Forest Conservation and
susceptible to personal temperament and social cuedylanagement(www.environment.go.ke, 24.02.2017)
and individuals from one society may respond fully toACT 2014/15 in Kenya. The forest policy underpins
a wellbeing indicator question whereas a section othe joint role of community forest associations (CFA)
individuals from another society may abstain from(www.friendsofkarura.org, 24.02.2017) and the Kenya
responding to the same wellbeing indicator questionforest service (KFS) (www.kenyaforestservice. org,
After analysing both subjective and social indicatorg4.02.2017) in the conanagement of public forests.
of wellbeing, Diener and Suh (1997, p. 200) state thailhe joint management has succeeded in ensuring
GFra NBaSkNOKSNBE NEBIdtdnl Sustairable Sconsunmptivé Nand OnipoonsyBptive
between objective conditions and psychologicalbenefits to people around the forest
wellbeing, many accepted the importance of directly.
assessing the subjective, experiential elements of Population estimates are based on the Kenya Population and
wellko SAYy3éd bSOSNIKSE Saads HBSHECHSINPOY regoRrby the Herya NatighapFgyeazof | .Jq
HAaTo O2 y Of dzRS G KI G & & 2 O aStatjstics (www.knbs.or.ke, 24.02.2017)
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and the entire country. Cultural ecosystem service®f 60000100000 potential interviewee% who also
have been of high importance for urban and peri met the legal adult agé criteria. Since the legal adult
urban population (Dobbs et al. 2011). For examplepopulation is exclusive, it differs significantly, on the
the cultural and ecotourism activities at the Karuralower side, with the populatiomumber provided in
forest have been attracting an estimated numbersub-section 3.1. Therefore, the target interviewees

of 200,000 visitors annually (www.friendsofkarura.

0rg). y ¢KS LRLlA I GAz2y SadAYFdGA2y LIS
i triAz2y 1jd20FQ | LIWINBIF OK LINE JA RS
3.2 Research design I 2yadAaddziazy 2F YSyel o ¢kdy WLk

(several Wards make a Constituency) assumes an equal distri

The study is based on a survey method. To preparélﬂion of people by dividing the total national population (at any
and coordinate the survey exercise, the study are&iven time) by the capped 290 constituencies (Constitution of

divided int i intervi t, Fig. 2 Kenya 2010). However, the number of potential interviees
was divided Into ?"X |r.1‘erV|ew centres (see Fig. )per centre is determined by the discriminative approach
Each centre was identified by the name of the mostargeting only individuals aged 18 years old and above. A sam
popular town/ name of a govement administrative pling frame from the Independent Electoral and Boundaries
area in its neighbourhood. Each centre enclosed agommission (IEBC) was used
least one Constituency and several units referred tm® At the age of 18 years, a Kenyan citizen can apphetisssed

as Wardé Each centre has an estimated average with the National Identity Card, which is the legal official
document for identifying and transacting with all government

7 A Ward is the smallest electoral unit in Kenya, and it formeffices and the legally registered institutions and entities in the
the basis of the deolved County governments. republic of Kenya (www.immigration.go.ke/AboutUs.html

. 24.02.2017
www.iebc.or.ke (24.02.2017) )
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Figure 2: Geographical location of the case study within Nak@rnbu perurban area.
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were both male and female at the age of eighteercategories (Tab. 1) was then presented again to the
years and above. Interviewees from each of the si¥eSpondents. The respondents evaluated the CES sub
interview centres were selected using randomcategories regarding their saibility for the study.
sampling for the survey. The interviews were After the suitability evaluation, the thirteen sub
conducted during the day time and the respondentstategories were reduced to ten swhategories (see
were selected without special attention to age,subsectlon.4.1). SII"\CE the .study' tar.geted five CES
gender or occupation (e.g. students, farmers andubcategories for irdepth investigation, the ten
business people). Primary data of CES was collect¥glidated CES stutntegorieswere further subjected
through questionnaies, interview schedules, matrix Y 2 ' I NIy 1 Ayd S E,Sf NOA&aS® ¢
tables and field observation sheets. The mmrd ©Xercise was used, where each individual ranked each
paper method was used to record feedbacks from thef the validated CES swdategories by using a scale of
interviewees. In cases where a respondent had 0 10 (see Supplementary Tab. 4). The ranks 1 and
limited time for the interview, the Olympus Digital 10 Mmeant theleast inportantand themost important

Voice recorder D5 was sed. Secondary data was CES_respectively, following the indicator ranking
sourced from peer reviewed publications, reports,d 9ZA RSt Ay Sa o6& . ASRSYy$S3 =
statistics periodicals and land use maps. The exercise! Y SaQestion stated 2 K scarié of importance
for collecting both the primary and secondary dataPetween 1 and 10 would you assign to cultural
was conducted in two phases. The first phase wa® S NB Y 2 Jhis Jjaektid was repeated for each
conducted between July 201ahd January 2015 (113 CES subategories. After having received all
interviews conducted) and the second phase fronfesponses, a geometric mednvalue was calculated
November 2015 to February 2016 (24 interviews witHfor each of the ten CES swchtegories in SPSS. The
actual visitors to sites of CES). Data analysis w&gnking results (geometric mean for the ten CES sub
conducted using the Statistical packages for Socigptegories) were used to seledive CES sub
Sciences (SPSS) and MS Ex@eth empirical and categories for the imlepth investigation in the
qualitative results were organized and presented irurvey. Thereafter, we randomly identified and
form of tables, figures and conceptual frameworks. recorded any natural, human and sematural
entities, features, objects and landscapes that could
3.3 Identifying and ranking potential CES indicatorgndicate each of the five CES stdtegories. Tiree
potential indicators for each CES were identified and
this resulted into fifteen potential indicators. In order

In order to familiarize with the geographical and . - ) )
: . ... to validate the indicators, the methodological steps in
demographic patterns of thetwdy area, field visits | S5O0GA2Y o®H HSNB F LILX ASRO®

and observations (Petty et al. 2012) were carried ouf , = x = A
. tated,ad 2 KA OK O tancBbet®ebn 1AaNdLIg NJ
for ten days between 21 -315' July 2014. Using stated,d a © n a

would you assign to cemeteries as an indicator of the

literature and the study area characteristics, aSY dzf i dzNI f GG BEBRTESY viedise SPSS to
proposed in the method by Mascarenhas et al.

) . _ : calculate the geometric mean
(2016), we identified thirteen subategories of CES g
(Tab. 1). In order to validate the listed CES, seventeen
respondents (seven academic experts and ten locdl Bidding gamés not hereby used in its pure economic inter

people) were selected for a piloting exercise. Thé)retations of value (Frew et a2004) but interpreting the con
cept on a calibrated ruler drawn on a paper with a minimum

piloting was aimed at testing whether the CES 'SUt\/alue on the left hand side and maximum value on the right hand

categories were mutually exdive for independent side for purposes of ranking only. Since each CES have some level
investigation and that aggregating or disaggregatingf importance, the minimum value isne (not zero) and the

any of them would mount to substantive loses ofmaximum value is equal to the number of CES (in this e,
crucial information (Potschin et al. 2016). Eachi Geometric meawas preferred for purposes of treating the
aSaarzy o083ty o6& Iy A yndioN®fndedsiddifefent a2pygssiblead Gegod nbaimii S Y
aSNBAOSaQ | yR UiksSas BpuRtkdT FeINAS! ¢f & scorgyifor ogezespapgentthe scores of other

by Kandziora et al. (2013). The interviewer therf®SPondents and vice versa.

elaborated on CES. A copy of the thirteen CES sub
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for each of the three indicators from the seventeen| Subjective HWB inicators can more accurately
respondents and picked two indicators with thereflect the degree of CBSuman wellbeing

highest geometric mean score of importance. In thénteraction at a local scale than objective wellbeing
end, each CES was represented by two indicatofgdicators.

and a total of ten indicators for the #&vCES sub _ _
categories. Further, principal component analysidl It IS easy to capture personal judgements and
(PCAY was performed using IBM SPSS Statistics 28XPeriences about Chillbeing interactions.

in order to generate a correlation matrix andq sypjective HWB indicatorsn be easily modified
explaln the variance among the CES |nd|cators: The capture the most relevant details.
KaiserMeyer-Olkin (KMO) measure of sampling

adequacy was used to determine the importance off Results from Subjective HWB indicators give the
the PCA analysis. The PCA and KMO results anest realistic values that can give realistic
presented in section 4.2. Details on the correlatiorcomparisons with other areas.

matrix of the CES indicators are provided in th

E‘During the interviews, the interviewees were asked to
supplementary Tab. 5.

qualify each C& indicator in terms of its contribution

3.4 Qualifying CES indicators to each of the five constituents of HWB using a scale
of 0 to 5; (where O=no relevant importance, 1= very
In orde to qualify each of the ten selected CEéOW relevant importance, 2 = low relevant

indicators, a link to human wellbeing was to belmportancg, 3 = medium rflevant mportgnce, 4= high
relevant imporance, 5=very high importance)

established. Nine constituents of human wellbeingt lated in Swahili | for the local I

(HWB) that are describing the people and the Stud%ran;ael N Swa '_:_ ‘anlua%_i 0(; © Olfa pSOp <

area were selected based on the social, cultural an ﬁe upp emgntary —flé ). The atadgo ecstle:z)sgsm%

political  iformation available. The HWB all questionnaires (n=113) was entere mto_ > an

constituents include personal happiness, physict e mean values were calculated_ for. each indicator.
he mean valueseflect the potential importance of

health, indigenous/ contemporary knowledge, . o
peace and harmony, sense of belonging, symbolit e particular CES indicator to HWB. The mean values

instrumental value, psychological nourishment were visually displayed via spider diagrams, which
social Concretizatic')n and emotional uport 'were generated using MS Excel. Other statistical

(defined in Supplementary Tab. 3) (modified afteIanalyses such as descriptive statistic:_s and principal
MA 2005). Using the procedure set in ssdxtion gomponent aalysis were ponduct_ed n SPSS, and
3.3, five constituents of HWB were adopted for theflgures were L.Jsed to explain the d|ffer(e_n_c:es among

research. Both the CES and human wellbeing Wel%no_l correlations  between the individual - CES

further presented in a matrix table (CES indicator@d'cators'

on the xaxis and subjective HWB indicators on thes
y-axis, Supplementary Tab. 1). The advantages of
the subjective HWB indicators are elaborated by

Diener and Suh (1997). In this study, the subjectiv.
HWB indicators were adopted because:

5 Revealing interconnectivities between CES and
human wellbeing

The interconnectivity between CES and HWB was
 R2LJGSR o0& GKS wSOz2aeadasSy
Young & Potschin 2010) and the cascade model was
3 merged with the DPSIR model (Nassl & Loffler 2015).
MH Gt NBmpaenislarfalysis (PCA) is a powerful statati ¢ K S @GS NE A 2 y 27 iKS wsSod2 3
tool that can help researchers analyze datasets with many highlﬁaineSYoung & Potschin (2010) was npreferred
related predictors. PCA is a data reduction technigueat is, it L . .

reduces a larger set of predictor variables to a staaket with becguse It_ IS _S|mple ny deSIQn’ an‘?' adequate_ly
minimal loss of information. PCA may be applied before runnin(jPrOV'deS visualized details of the stepwise connection
regression analyses or for exploratory urposes to helfrom the landscape structures (especially for the
researchers understand relationships among their -abies or  highly modified urban and petirban areas) and

RA&EO2QOSNI LI GGSNYa Ay (KSAN Rlpiocdssesioh the bnéhand/tiwewgh fufiction p 0
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and ecosystem services in the middle, and benefitévi) environmental action and policy changeeTdata
and human wellbeing on the other hand. The DPSIRor the first and second pillar emanated from

framework was adopted because of its ability toobservations and field interviews about the natural
convey information about causes and effects withinlandscape and cultural features. The third pillar

socioecological systems and supporting policy and2 Y LINJX a S & 27

decision making in response to the undesirable hobbies and cultural activities. The fourth pillar
causes andBF S OGad ! aAy3I Ayl SpaBensS tha five delBciedIRoyistitGeats oF NaIDEIng
real visitors of CES sites (n=24) at Karura forest, dixat are likely to be boosted by the hobbies and
of information were compiled and cultural activities. The fifth pillar

categories

analysed. Six cascading pillars running from left tA Y RA @A Rdzl £ & Q

right were identified and presented in the following social values with an element of organisation. In the

NBaLRyRSyGa

shows how

gStftoSAy3

order; () the ecological structures and processes, (iisixth pillar, inrdepth inquiry about the intentions of

potential suitable landscape types, (iii) culturalpeople organizing themselves into groups, and the
ecosystem services flow, (iv) society state of benefitieedbacks were summarized and recorded in the
and wellbeing constituents, (v) group values, and

Facts-finding from literature, case study
descriptions and field observations in order to
compile a working list of CES/ wellbeing
constituents/ indicators

\ ‘ J
4 N\
Validation of the list of CES/ wellbeing
constituents/ indicators by the experts & local
people during piloting (n=17)

L ‘ J
4 N\
Participatory ranking of the CES/ wellbeing
constituents/ indicators by the experts & local
people during piloting (n=17)

g ‘ J

r

Sort the number of CES/ wellbeing )
constituents/ indicators required to work with

according to the ranking/ rating score
assigned (n=17) y,

¥

Formulate a matrix table such that the
selected CES and their indicators are arranged
on the x-axis while the selected wellbeing
constituents are presented on the y-axis

¥

f

N

\

Present the matrix table to the actual
randomly selected interviewees, such that
the potential relevance of each CES indicator
in contributing to the wellbeing constituents

is deduced (n=113) 5

Figure 3: A summary dfi¢ methodology applied in the study. The dotted lines enclose the components that are

e e |

-
Survey on actual CES flow to
i visitors of CES sites within
Karura forest (n=24)
. J
Impact identification
4 )
> Constituents of wellbeing
\, J

! Catalysts identification

Adopted social values and
organisation

N\

J

\ 4

Catalysts identification

Socio-ecological policy
formulation (ES cascade
process)

& Ppro-action

Elaborate counter-/

implementation (reverse ES

[ Socio-ecological policy
cascade process)

]

Visualized
variations
on spider-
diagrams

context of influencing environmental and

integrated into the DPSIR model. n=17 represents respondents contacted for questionnaiestprg, n=24 and
n=113 indicate the number of respondents in the respectiverey exercises for the two fieldwork phases.
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biodiversity management action. The six pillars otikewise,symbolic was represented undercultural
data were analysed in SPSS and Excel and thbgritage and cultural diversitgnd nspiration and art
interconnectivity was demonstrated within the subcategories of CES. Most respondents had
revised DPSIR model framework according to Nagsdifficulties to understand and identify themselves
& Loffler (2015). A stepwise representation of thewith the bequest CES and hence they could not
methods and methodology for the study is confirm or rule out its importance to the local people
portrayed in Fig. 3. and its mutual exclusivity from the other sub
categories of CES. The three CEScsikgories were
thus excluded from the ranking exercise. The ranking
exerdse resulted into the five subategories of CES
(landscape aesthetics and (amenity), cultural heritage
and (diversity) identity, cultural ceremonies,
recreation and tourism, and religiousetreats and
moilgrimages), which had the geometric mean scavé
74,7.9, 7.6, 8.1 and 8.7 respectively. It is noted that
during the ranking exercise, slight modifications took

The validation exercise reduced the number of CEI'SJf ll O§ Vg K SVN‘B, M K'S o “u S N‘,N « W
from thirteen (Tab. 1) to ten subategories as GKSNEFa HPRAOSNRAGEQ gha L

nir g . 119 fA1S WARSYGAGE QO -obtedo theS NIV
follows; (i) recreationand tourism, (ii) landscape

aesthetic and amenity, (iii) knowledge, education an {SNY  WOSNEY2 YA SAé Qz YR W
. ) - TV ’ . werece2 LJUSR 02 WNBf{AIA2dzaQOD
science, (iv) religious, spiritual and sacred experience,
(v) cultural eritage and cultural diversitypatural The indicator selection results for the five CES-sub
heritage, natural diversity and existemdnspiration categories are presented in Tab. 2. The two most
and art (viii) social relations, (ix) sense of place, anduitable indicators (by ranking) for each CES- sub
(x) ceremonial (place based). Although category arewritten in italics under column two.
entertainment symbolic and bequest cultural For example, the most suitable and practical
services were perceived to be important, mostindicators for cultural ceremonies in the study area
respondents argued thaentertainmentwas well ' N5 WgSRRAY3 3IFNRSyaQ |
covered under recreation ad tourism and UKSI 0NbaQxX 6KAOK KIF@gSsS |

ceremoniakub-categories of CES. 6.02 and 4.88 respectively.

4 Results

4.1 Validating and ranking cultural ecosyste
services

Table 1: A literature overview for the definitions of cultural ecosystem services indicators.

Cultural Definitions Indicators used

ecosystem

services

Recreation/ MA 2005; Willemen et al. 2008; Gee & Burkhard Number of visitors or facilities (n/ha, n/facility*a), nature and leisure

(eco) tourism/ 2010; De Groot et al. 2010; Chan et al. 2012; preferences, turnover from tourism (D/ha*a) (Kandziora et al. 2013);
Kandziora et al. 2013; Plieninger et al. 2013 number/area of landscape & wildlife features with stated recreational

value (De Groot et al. 2010).

Landscape Costanza et al. 1997; MA 2005; Gee & Burkhard Preferences from questionnaires, scenic beauty estimation via

aesthetic/ 2010; Chan et al. 2012; Daniel et al. 2012; landscape metrics, travel cost estimation, willingness to pay

amenity Kandziora et al. 2013; De Groot et al. 2010; CICES (Kandziora et al. 2013); Number/area of landscape features with
V4.3, 2013 stated appreciation (De Groot et al. 2010); Qualitative by

perceptual surveys, quantitative averaging of choices and
ratings landscapes (Daniel et al. 2012).

Knowledge/ Costanza et al. 1997; MA 2005; De Groot et al. Features with special educational and scientific value/interest
education/ 2010; Chan et al. 2012; Kandziora et al. 2013; (De Groot et al. 2010); number of environmental educational-
science/ Plieninger et al. 2013; CICES V4.3, 2013 related facilities and/ or events and number of their users

(n/ha*a) (Kandziora et al. 2013).
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Table 1: Cont.
Religious/ Costanza et al. 1997; MA 2005; De Groot et al. Presence of landscape features or species with spiritual
spiritual 2010; Chan et al. 2012; Kandziora et al. 2013; value (De Groot et al. 2010); number of spiritual facilities and
experience/ Plieninger et al. 2013; CICES V4.3, 2013 number of their visitors for performance of rituals and
sacred maintain the relationship with ancestors (n/ha, n/facility*a)
(Kandziora et al. 2013).
Cultural MA 2005; Willemen et al. 2008; Kandziora et al. Questionnaires on | ocal peopl ebds
heritage/ 2013; De Groot et al. 2010; Daniel et al. 2012; Chan of employees in traditional land use forms (n/ha) (Kandziora et
cultural et al. 2012; Plieninger et al. 2013; CICES V4.3, 2013 al. 2013); number/area of culturally important landscape
diversity features or species (De Groot et al. 2010); visible material

representations of cultural activities on the landscape,
landscapes that are linked to intangible heritage (myths,
legends, and religious practices) Daniel et al. 2012.

Natural Gee & Burkhard 2010; Daniel et al. 2012; Kandziora ~ Number of endangered, protected and/or rare species or
heritage/ et al. 2013; CICES V4.3, 2013. habitats (n/ha) (Kandziora et al. 2013); individual species that
natural are linked to intangible heritage (Danieletal . 2012); ¢
diversity provided by wild species, wilderness, ecosystems, land-
/existence | seascapesdé6 (CICES V4.3, 20
Inspiration/ Costanza et al. 1997; Farber et al. 2003; MA 2005;  Number/area of landscape features or species with inspirational
artistic Gee & Burkhard 2010; De Groot et al. 2010; Chan  value (De Groot et al. 2010); number of paintings/illustrations,
et al. 2012; Plieninger et al. 2013; Kandziora et al. songs, products portraying the resp. landscape/ecosystem
2013 (n/landscape type) (Kandziora et al. 2013).
Social MA 2005; Chan et al. 2012; Plieninger et al. 2013 L+ Number of fisites servin g as
relations (Plieninger et al. 2013).

Sense of place MA 2005; Chan et al. 2012; Plieninger et al. 2013 **Number of iand quality of available visual and audio
materials that display fisites

human attachmento (Pliening
Ceremonial Chan et al. 2012 Practices performed on specified occasions where certain food,
(place-based) clothing, songs and spatial location for events carry a deep

meaning of cultural identity and a time, rites of transition.
Entertainment CICES V4.3, 2013 ** Nu mb e r -situoviewing®@xperience of natural world

through different mediao (C
Bequest Gee & Burkhard 2010; CICES V4.3, 2013 Level of Awillingness to presel

land-/seascapes for the experience and use of future
generations; moral/lethical perspective or b
2013).

Symbolic CICES v4.3, 2013 ** Number of fembl ematic pl &
symbols such as American eagle
(CICES V4.3, 2013).

*+13 C|CES V4.3, 2013 (httpiodiversity.europa.eu/maes/commointernationakclassificatiorof-ecosystermservicescices
classificatiorversion4.3, 24.02.2017)

13**Asterisks refer to an indicator whose measurement dimension was missing from the primary article and hence are hereb
added by the authors of this article. For example, the italic terms numbglestl of.
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Table 2: Five selected cultural ecosystem services and ranking of respective indicators (n=17)

Cultural Indicator Description Geometric
ecosystem mean
services
Landscape Hills and Hills are elevated earth surfaces above all other natural features in a given geographical 5.60
aesthetics vaIIeys14 area. A valley is a conspicuous depression feature that is visible below the normal
geographical terrain of a locality.
Rivers and  Natural or semi-natural channels of flowing freshwater 4.97
streams
Forests A land cover dominated by trees of minimum height of 5 metres and minimum area of 7.01
0.5 hectares (FAO2 2016)
Cultural Museums Museums are places where collected objects are preserved and that the objects depict 5.02
heritage the past and present cultural and historical experiences (Brida et al. 2013;
and Weidenhammer & Gross 2013)
identity
Artefacts Artefacts are artworks for gallery of the historical tools, items, machines and skills that 3.87
are sources for learning, restoring and reconstructing human and natural processes
(Younan & Treadaway 2015).
Monuments  Monuments are physical symbols of real history and memory that connect the present 5.14
to the past (Foxall 2013). They constitute memorials that are used to legitimize or
sanctify historical personalities, groups or events in to the present social setup
(Alderman & Dwyer 2009).
Cultural Wedding Wedding gardens are areas part of/ apart of catering and social services on hire to host 6.02
ceremonies gardens private or public wedding activities. The area also host graduation events, club
meetings and parties, as well as birthday celebrations.
Traditional ~ Traditional music theatres are public facilities available for hosting annual music 4.88
music festivals, purposeful music events, stage and theatre performances, music auditioning
theatre and training.
Cemeteries  Spatial grounds set aside by the local municipalities for purposes of burying the dead 4.03
people. Cemeteries are synonymous with urban and peri-urban setting because land is
owned via lease agreement with the local authorities. Cemeteries become unpopular as
one goes to the interior rural areas where people have free-hold ownership of land.
Recreation Sport- Sport-grounds are suitable playgrounds, courts and pitches (Harrison et al. 2016) in 6.75
and grounds which sports such as ball-games, athletics, field events (javelin, high and long jumps,
tourism short-put, pole vault, discus throw, and triple jump)

Social halls  Social halls are enclosed/ indoor assembly and recreation buildings (Burgess 1954) with 4.34
facilities for collective social good, where social and cultural activities are held. The
facilities are managed either by the government ministry for social, sports and cultural
affairs, or by officially registered religious and social groups. The halls are entitled to
youth groups, religious groups, community-based organisations, self-help groups and
any other group with a known socioeconomic agenda.
Arboreta and  Arboretum is public area dominated by different species of trees. Wildlife parks are 6.12
wildlife parks  areas of recreation and/ or education through wildlife viewing that takes place in an
animal sanctuary, an orphanage and game parks.

Religious Shrinesand " 6pi l grimaged is a journey based on reli 6.80
retreats sacred places individuals or groups, to a place that is regarded as more sacred or salutary than the

and environment of everyday life, to seek a transcendental encounter with a specific cult

Pilgrimage object for the purpose of acquiring spiritual, emotional or physical healing or benefit"

(Margry 2008). Shrines are holy and reverenced places with a historical attachment.

Hills and Valley$, FAO (www.fao.org/forestry/fra, 24.02.2017)

14 Indicators in italics were chosen for actual survey.
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Table 2: cont.
Retreat Retreat centres are modern creation of sacred grounds by a religious institution for 541
centres purposes of prayers, fasting, spiritual revival and sustenance (Margry 2008).
Churches, These refer to spiritual buildings where congregants meet on specified days and time 7.15
mosques and  for a collective sermon, spiritual sharing and nourishment. Churches are for Christians,
temples mosques are for Muslims and temples are for Hindus.

4.2 Affinity of constituents of human wellbeing toAll indicators show a positive correlation with each
indicators of cultural ecosysteservices 20KSNJ 6{ dzLJLX SYSy ik NBE ¢ @
WYdzaSdzyaQ KIF@S (GKS aiNRy
Fig. 4(ii) shows that persondiappinesshas the (FTT0X F2tf{26SR 0@ Wl NDb:z
highest affinity for all the CES indicators. The ten CESY R WY 2 ¥ dz¥ ¥yR0 &¥@ Nb 2 NB 0 I |
indicators have mean scores between 2.95 and 4.72. Y R WY dza SdzyaQ gAuUK | O2N
On overall, the selected CES indicators have a minimégspectively. Five indicators (sport grounds,
contribution tophysical healtwhS NS 6 & 2 y f emogumgntgsmuseums: forests and, arboreta and
Wi LBMN>IdZy RAQ YR Wg2 NA KA Lildif pakg hage reyéalegsa stropgigading pfaat
have at least anedium relevant importance least 0.50 in referenceé2t U KS FANARU O2°
(Fig. 4(iii)). The contribution of CES indicators to the YR @I f t SeaQ FyR W¥2Nbadl
sense of belongingxhibit the smoothest curve from to the first component with weightings of 0.90 and
one indicator score to the ot and with the lowest 1 ®T 1 NBALISOUA LSt e W{ KNA
variance of 0.19 (Fig. 4(i)). The selected constituent¥ 9 2 NE KA LJ LX F 0SaQ asSSy i
2F 6StfoSAy3a LRNINI& K Secad ehr@aeit withFvghtiyigs (ipk 0.8, 0160, W
LX I 0Sa Qs 6KAOK KIFa | YAgndalhvespecyivRly. YI EA YdzyY YSIy
score of 4.20 and 4.72 respectively for all the _
wellbeing constituents. Fosts are perceived to be 4.3 Interlinkages between the cultural ecosystem
the second most important CES indicator for the servicgs and human wellbeing within the secio
selected constituents of wellbeing, whereh#ls and ecological system
valleys have comparatively the least importanae
supporting the selected constituents of humanFigure 5 displays results of six cascading ptfidrsm
wellbeing. There are noted pointsf overlaps where left to right (ecological structuresand processes,
different CES indicators have the same score for thpotential suitable landscape types and human inputs,
same constituent of wellbeing. For example,cultural ecosystem services flow, society state of
YYdza Sdzya Qs WwWYdzaA O (KSI  NBnafis and ywetlbekbgicoistilignts YNBpdmfuesiadd |
a mean score of 3.8 towardpersonal happiness social organisation, and environmental action and
[A1S6AaSs YYdzaA O RESI (HNgl& changapad figeNdjers bihfdhatigh fromtop
YgSRRAY3I 3IINRSYyaQ KI @ZS Ko bt (Figa3ee}. Nb§. 58 Bhowsdao exfieddéad N.
sense of belongindFig. 4(iv)). The importance of cascade with two additional pillars namely; theoup
WgSRRAY 3 3 leNddhgl dspporfFranks values (social organisatioand the environmental
aSO02yR I FUSNI Wg2NRKALI LI I OSaQ gAGK  YSIYy a02NB 2
(Fig. 4 (v)). The minimum and maximum '”cmat 5 The six pillars do not represent any form of hierarchy, but
mean values, the convergence and overlap points how a diffeent form of information or interpretation. Pillarb-
all indicators towards all constituents of wellbeing aree comprise of information in boxes that are horizontdtjlowing
displayed in Fig. 4(vi). each from left to right and the information is -sgientially
. interpreted in that.order. Infoymatign for Pillatais se_guentially
S

The KaiseMeyerh t 1Ay 60YahO 'Y R iyerpletMUdmSright! 12 Rt dddSpRaktub a&ist in that
data suitability for the principal component analysisinterpretation forthwith. That is, pilla#b can have either

resulted in asignificant sampling adequacy of 0.86. rightleft or left-right sequence of information interpretation
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action and policy change. The singleaded arrows | Y_FVQ Ay S_NJZA_ S6aQ NBa dzt 0aao
point to the direction of generated effect from the terminology that is derived from both ecologieal

previousd 1 SLI 2NJ (KS

RANBOG A 23d  gogiabgsrds theahesy ®F Regrgases @fk S

doubleheaded arrows indicate a possibility of forthtransparent communication to stakeholders. For
or backward movement of the process. Within thethis reason, both theecological structures and

DPSIR model, ecological drivefscadrivers) and
anthropogenic drivers (anthro-drivers) are both
recognizedas sources of pressures towards tsate
of ecological structures and processesl thestate of
societal benefits and wellbeirrgspectively. Therare

processesand the potential suitable landscape
types and humarnputsare collectively referred to

& WO A 2ILYKR & D OA& € dzNJ f Sy o
descriptions ofcultural ecosystem services flaxe

referred to F & WK200ASa |yR Oc

two processes displayed; the DPSIR causal chain\$pereas the compsite term for thesociety state of

socioecological disturbances and the DPSIR cauda@nefits andwellbeingO2 y & (i A 4 dzSy U &

chain of addressing soc&rological disturbances.

The terms for the six cascading pillars (Fig. 5b) afe 3

A
O2 y a i A ddaBe/ desciptions for thegroup
values andsocial organisatiorpillar are referenced
WRNGEA YA a | G A 2egvonmemaR i

defined using ecological theory. Fig. 5d presents thgction andpolicy ctange and its descriptions are

practical descriptive terms of the cascade pillarsseferredtoasi KS WLI2f A O

which were revealed by the field observat®n

(i) Sense of belonging
Hills_Valleys
S

Worship_Places 4 - Forests

Shrines

Arboretum_National \l

'Monuments
parks

Sports_Grounds Wedding_Gardens

Music_Theatres

(iii) Physical health

Hills_Valleys
S
Worship_Places 4 1 Forests
Shrines 3 Museums
Arboretum_National | :
= \ 'Monuments

parks

Sports_Grounds Wedding_Gardens

Music_Theatres

LINE OS & ¢
(ii) Personal Happiness
Hills_Valleys
5
Worship_Places 4 Forests
Shrines Museums
Arboretum_National |
X 'Monuments

parks

Sports_Grounds™ ‘ Wedding_Gardens
Music_Theatres

(iv) Source of knowledge

Hills_Valleys

Worship_Places a4 Forests

Shrines  Museums

Arboretum_National
parks

'Monuments

Sports_Grounds Wedding_Gardens

Music_Theatres

Figure 4: Qualitative importance of selected CES indicatgjsr{irelation to selected constituents of human
wellbeing and their comparisons (Mix113
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(v) Emotional support (vi) Comparisons SR -y | .
Hills_Valleys Hills_Valleys valia
S ; -
Worship_Places Forests Worship_Places Forests = Personal
happiness
Shrines | Museums i i
‘ 1 Shrines Museums health
! ‘ Source of
stum_National| | ~J
:::Es ational | s knowledge
Arboretum_Nation Monuments—Emotional
g alparks support
Sports_Grounds _—Wedding_Gardens s s
Music_Theatres Sports_Grounds edding_Gardens DPelonging
= Maximum

Music_Theatres alira

Figure 4 ont.

4.3.1 The DPSIR causal chain of secmogical 4.3.2 DPSIR causal chain of addressing socio
disturbances ecological disturbances

The leftto-right DPSIR model flow (Fig. 5c) represent$he rightto-left DPSIR model (Fig. 5a) shdwsv the
the commonly used DriverPressureStatelmpact responsewithin the model is undertaken. There is a
Responsehain. It starts with a doubtbaeaded arrow double-headed arrow between thanthro-driversand
between the ecodrivers and the state of ecological pressureat the top-right corner of theframework.
structures and processed the topleft corner of the Whenever the anthro-drivers cause real negative
framework. Pressureson land cover and landscape change on thestate of ecological structures ral
maintenance (synonymous with ecological structureprocessespressures exerted on the entire system. In
and processes) have effects on thiate2 ¥ W LJ2 (sifugtiins Iwkere either theecodrivers or anthro-

suitable landscape t¥a | YR KdzYl y drigeyshaueicongibuter 20Nbereduction of CES flow
example, wetlands, forests, parks, shrines, museungnd human wellbeing, the responsibility of initiating
et cetera the necessaryresponseand remedial chages lies

. . with the stakeholder groups and institutions. The
The quality of the CES flow through hobbies such akeholders have theressureto act collectively for

hlkl.ng’ 1099Ing, .medltatlon and photography, a unified cause to address th@pactson the cultural
be impacted. Aimpacton CES has a direct ImpaCtecosystemservices flow In order to do so, the

(c):n the statﬂe OI; OCIGtﬁll k;eneﬂts 'atnai WeIIbe!ng. stakeholdergroups and institutions hae to target the
onsequently, the COlective SOCICIEESPONSEIS — opire society. This means that understanding the

Iaunf:hed using social groups, Wh? present thelgtate of societal benefits and wellbeing is vital in
pet|t|0n§ meant .to advise Onm.ltlgatlon anq explaining their connection to the quantity and
adaptation s?rategles needed for |mplelmentat|on quality of cultural ecosystem serviceAt this point,
by the environmental managementcton and the society becomes aware of praéical measures

policy institutions in order to cope up with the they need to undertake in restoration of both the

consequences of natura! fll’.e.S, droughts, storms e<13cologicalstructures and processesid the potential
cetera, that could have significantly altered the flow,

, suitable landscape types and human inpuisr
of CES. When .the DPSIR model is based lBf}rposes oknsuring a sustainable flow of CES.
anthropogenic drivers, the response would targe
the ecosystem management and policy change such
as rational extraction of ecosystem services,
restoration and reintroduction strategies.
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State I State H Impact H State H Pressure H Pressure

Ecological Potential Cultural Society state Group values
structures suitable ecosystem of benefits & social
and landscape services flow and organisation

(a)

Environmental

action & policy (b)

processes types & wellbeing
human constituents
inputs

SI9AlIp-0JYJuYy

Pressure H State H Impact H Impact H Response H Response (c)
Land cover & /forests, hills, \ /walking, R Personal R Social clubs Petition papers
landscape valleys, rivers, hiking, bird Happiness Fitness
maintenance wetlands, watching, Sense of groups Social media

Nationalparks, cycling, belonging Conservation campaigns

caves, jogging, Emotional initiatives (d)

waterfalls, running, support Pressure Legal

monuments, meditation, Physical groups representation

shrines, reflection, health Advocacy

sportgrounds, photography, Source of groups

museums, filming, ball knowledge

event games

grounds,

music

theatres,

churches,

temples,

mosques,

J/

N o R VRO N . /. J O\
L 2 ¥ L 5 ¥

Biophysical and Hobbies / Wellbeing Social Policy

cultural environment r— cultural activities P constituents H organisation P process
Figure 5: Connectivity between culturatasystem services (tourism and recreation) and wellbeing and integrating the
O2YyYSOUAQAUE 02 UKS W9{ Ol a0l RSQ dJeffftw DPSIR médel{(h) the eXténled
ES cascade based on ecosystem theories to accommodatarhwellbeing, which is based on social theories;
(c) leftright flow DPSIR model; (d) practical definitions of part (b) using literature and case study data; () composit

terminology for transparently communicating content of part (d).

(e)

5 Discussion an overarching constituent of human wellbeing
reflected not only inother dimensions of wellbeing
but also in priorities, values and preferences
assigned to different CES by the local people.

-I-ransparency and comprehensibility of CE8icators

is vital whenever local people want to prioritize the most o )
important CES at the locadcale. This supports the Although the two indicators normatively selected to
described advantages of the qualitative method ofindicate each CES were assumed to differ

prioritizing CES and their benef€han et al. 2012). insignificantly, the results showed ah the overall
Uncertainties and ambiguities surrounding certainpean score of some pairs of variables differed

terms were found to be the main hindrances to CE§ignificantly. For examplehills/valleys and forests

indicator transparency. The ranking exercise$S - .
revealed the importance of normative processes if'€"® sele_cted as indicators of _Iandscape aesthetics
subjective human wellbeing, which in esse show but the difference between their mean valyes was
the participatory process in practice as proposed by0%. Further statistics via the KMO and NLi f Su U Q
Potschin et al. (2016). Freedom of choices and actior®nfirm a high confidence level to the performed
(MA 2005), which is anchored within the normativeprincipal component analysis. Although there is high
process, is thus variability among the CES indicators, 32% (lowest) to

67% (highest) variability of all the indicators is
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explained by the first principal component. With aby anthrodrivers do not reach thresholds capable of
loading of 0.90the importance ofhills andvalleysto  disrupting the eological system. This means that the
human wellbeing in the study area che estimated changes are manageable within the existing
by the first principal component. The principalenvironmental action and policy frameworWhat is
component analysis also revealed that museums ancrucial to note from the ecosystem services cascade
monuments tend to group together in indicating by HainesYoung & Potschin (2010) is the elaborated
wellbeing. This isrpbably due to their strong ability nature of the proces from biophysical structures and
in representing cultural identity of the people processes to the human benefits and values, as well
(Mazumdar & Mazumdar 2004; Foxall 2013)as the process visualization provided by the DPSIR
Considering the highest weights for principalmodel (Miller & Burkhard 2012) that starts with the
component one and two, components one seem talrivers and ends with the responses. An additional
identify strongly with landscape aestlies and level of detailhas been provided by Fig. 5a. This is
naturalness, and component two seem to identifydemonstrated by the process in which lobbying and
strongly with social, spiritual and mental tranquillity. advocacy is undertaken to formulate policy, and the
existing social structures and institutions are used to
The importance of an indicator to measure humargreate awareness to the public (consumers of cultural
wellbeing showed to be dependent on the wellbeingecosytem services) for purposes of implementing the
constituent it was correlated to. This noithstanding,  formuylated policy in restoring and revitalizing _the
AG 6l & AYdSNBadAy3d G2 v Ricfonalstie 8f théPdb@dNrk & isdonkdbylclesmg @
perceived to be more important fophysical health the loops and interdependences that we can claim to
GKFy W&aLRZ2NL 3INBdzyRaQ® ¢ Kdhete fBAtbfeR hﬁér&scu@hﬁéhﬂl—&r&{é@@s fhat N-E
(2008) assertion that one purpose of undertaking & v § SaINJ} (S w502y 2YAO0s &2 0A
religious activity is to have phgsl healing. And | NAEdzYSyGdaQ Ay SYOGANRYYSyY
because over 90% of Kenyans subscribe to a religiogg 2000).
faith (www.africa. upenn.edu/NEH/kreligion.htm,
24.02.2017), it was a crucial variable in the study areAnother key note is on how the boosted wellbeing of
and its role in promoting wellbeing was by chancéoeople is translating intsocial organisatiorand the
expected to be high. Howeveit,was not established environmental action and policy ahge . For
whether the religious activities anghysical health example, in the case study, some visitors who ever
were directly or indirectly related to each other. benefitted from CES at the Karura forest are today
Although religion and spirituality have beenorganisedr a YSYOSNR 2T WCNASYI
theoretically connected to wellbeing in literature who offer management and policgupport for the
(Biedenweg et al. 2014), theirnkages to ES and forest. The sequential stages of an inddatl t Qa

wellbeing indicators have been demonstrated for thedependence on the biophysical and cultural
first time using this study. environment, creating relationships and ties with

others, forming associations of common interests,
The doubleheaded arrows in the framework for the concretizing the associations in the public domain and
inter-linkages between CES and human wellbeinmfluencing environmental management policy tend
within the DPSIR model, demonstrate the fact that ato follow the socieecological model by the Centres
times the ecosystem could resist pressures originatinfpor Disease Control and Prevention (CDC)
from the drivers and hence its state remains(www.cdc.gov/cancer/crccp/sem.htm). However, this
uninterrupted. This demonstration invokes the theoryscenario of sequential transition from one stage to
of resistance, resilience and stability of ecosystemthe other may not always be the same in other
(Mdller et al. 2010; Mdiller et al. 2016) and elevates a&tudies. There cdd be many reasons, especially in
more compelling debate of the intdinkages cases where local people do not pioneer such
between CES, wellbeing and the DPSIR model i(atiatives. Therefore, we present only a normative
tripartite framework). Similarly, Nass| & Loffler (2015)process in Fig. 5d (left to right), which should evolve
postulate that some changes caused to the last stage when all the necessary ingredients
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such as the freedom of association, the freedom ofise their experiential and judgemental wisdom to
speech and right to petition are provided for andinclude or exclude certain indicators. This latter
protected under the existing environmental law. Itstatement notwithstanding, we nevertheless
is then in order to propose that whenever therecognize possibilities of uncertainties from such
normative process does not flow to the final stagesubjective processes. For example, subjective and
(environmental action and policy changéhere is a survey responseare likely to contain biases such
fundamental ground to investigate the underlyingas thebandwagon effecté A y RA @A Rdzl f Q&
pragmatic reasons. Moreover, since only 28% of H&fluenced by thoughts and responses of other
studies investigate all the components of the EPeople), exposure effec(tendency to rate a CES
cascade (Luederitz et al. 2015), our results offek Y RA OF 42 NJ KAIKt & o0SOldza$s
special contribution and guidelines to bridge theit), anchoring biagresponse based only on scanty

gap throughCES and wellbeing studies. pieces of information available to the respondent
at the time of the interview) and théaming bias
5.1. Difficulties and uncertainties OAYTFEdzSYOAy3a NBALRYRSYyGQ

question is constructed) (Steenbarger 2015).
All ES studies are inherently complex due to th% 13 Scal ; libei q
complexity of sociaécological systems and the =~ _(_:ge _O we_- .el_ng_ measur.em an
interactions  within them. These complexitiesCOMPatibility with multidisciplinary studies

al. 2013) lead to unavoidable difficulties andyisciplinary studies (Milcu et al. 2013), compatibility
uncertainties of related studies. Some of them argy scales and data for joint statistical and modelling
discussed in the following. operations are required. To meet compatityili
requirements, further data aggregation might be
demanded. This involves qualitative and quantitative
Although the interviewees during piloting and actualdata with varying degrees of sensitivity to certain
interviews were sealcted nondiscriminatively, the statistical operations. For example, uncertainties
exercises were conducted in the daytime. Thereforegould arise when trying to reconcile subjective,
some residents with weekday work schedule®bjective and empirical data values, and thus
incompatible with our interview hours for example, researchers should take precautions to avoid losing
were naturally excluded from the exercise. Howeverimportant details in the reconciliation process.

our interviews were extened to weekends in order
to ensure an equal chance for all residents t
participate in the research.

5.1.1 Sampling and time of conducting interviews

»-14 Results interpretation, reproducibility,
comparability and reliability

Referring to our results, ther should be no
contention in the interpretation of results as far as

By focusing on subjective human wellbeing on théhe interpretation is done within the theoretical and
local scale, it is unlikely that the results can easily beonceptual frameworks of the ecosystem services
transferred to societal and national levels amongascade, human wellbeing and the DPSIR model. The
people with different cultures. The process ofcommonly raised concern is on how teproduce the
FaaSaaay3a adzomaeSOUuALS g Sresuls SelsghAere,i WHkR dzasKto dy Rvthd theR dz
responses is also not free from validity and accuraamethodological process. Nevertheless, as far as this
issues (Diener & Suh 1997). However, Diener and Sphper is concerned, methods are detailed to allow
(197) intervened by saying that all processeseplication of such studies elsewhere. Our caution to
6flroStftSR W202S00AGSQ 2 NbedrchatzowBdOrétierpdiat do theomparabfity S O (
type of wellbeing indicators have a certain level obf results in other studies even after applying the
subjectivity. For example, social indicators aresame methodology. This is because subjective
selected by a group of individual experts who wellbeing results should be specially handled on a

5.1.2 Subjective versus objective wellbeing
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caseby-case basis. Reliability of results in this studwith all of the selected constituents of subjective
is high because the process of identifyingyellbeing. It is in order to state that religion and
prioritizing and linking CES wellbeing was under spirituality are important in promoting wellbeing to a
the control of local people and the resourcemajority of the local people. It turned out that, ifo
management authorities in the area. Moreover, theinstance, hills and valleys were not good indicators
statistical tests point to significant values and higHor landscape aesthetics, at least for the study area.

confidence levels of the results. _
How are the CES and human wellbeing

interconnected?

6 Conclusion It was observed that there is a connection between

CES and human wellbeing. The means thinoug
R _ _ which the connections emerge is demonstrable
flecting our research questis, we can makethe  thrgugh community participation in CES and the

following conclusions: wellbeing indicator identification process, eliciting

How can the potential CES indicators in a study ar& CES flows to people in real time and assessment
be identified? of the impact on subjective wellbeing.

Cultural ecosystem services have a criticdilow are the intezonnectivities integrated in the
contribution to human We||being_ However, when DPSIR model and what is the communication to the
focusing on subjective wellbeing of people in a locdocal people, decisiemakers and ES research
study area, an aihclusive process of identifying, community?
valid.ating and prioritizing culltural ecosystemrpqo tripartite  (CE&uman  wellbeingDPSIR)
services should be adopted. It is noteworthy thafamework has revealed that CES supply could be
prior analyses of I|teratyre anq §|te_cond|t|ons Se?mpacted by both ecoand anthro-drivers when the
the stage for community participation. HOWeVer,gcosystem cannot absorb the generated pressures,
until validation and ranking of CES is done, the ligggs yiilisation by humans does not observe minimum
of CES remains amorphous and irrelevant. standards, and when the policy interventions do not
How can the potential CES indicators be sociallgll,mzII es;:alr?tlp " .Of the- |mpac_ts. _Altrr]loudghb the
culturally and psychologically qualified? reedom or choice 1s see_mmgﬂ;gsswe n the debate

of constituents of wellbeing, it is fundamental in the
Qualification of CES depends on a set of standarddentification of CES and wellbeing indicators by the
defined by an indidual or society. Individuals use local people and experts. In addition to the existing
their experiences and socitultural value systemsto WS O2434eaG4SY aSNBAOS OF aolol R
guide their choices and actions. This means thdtas displayed thefull array of an environmental
subjective feedbacks are to a greater extent golicy ¢from formulation to implementation stage.
reflection of social and cultural relations, networksThe confirmed benefits to human wellbeing is a boost
and institutions.The quality of a CES depends on théo ES research because it increases its accountability
real or perceived value or contribution to the and prove of the wide spectrum of benefits from
wellbeing of an individual or society. The subjectivecosystems to humas. Similarly, an improved human
method of qualifying CES is highly flexible and theellbeing can result into an active civil society that
modifications of indicator sets could be timely doneinforms environmental policy and decisiomaking.
to increase sasitivity to the social and cultural setting Therefore, the tripartite framework opens more
in a locality. The CES indicators show overlaps apdssibilities and opportunities from which ES research
positive correlations with each other. Some indicator@ind environment& policy could reinforce one
have equal contributions (same mean value) to a@nother.
certain  wellbeing constituent. Religious and
spirituality indicators of CES correlated strongly
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Abstract

Provisioning ecosystem services are investigated with a focus on their pateptibland demandy

local people Food, water and energy are the selected services for the study. The study assesses the
potential for the provisioning ecosystem seegién a perurban area using the land use/ land cover
(LULC) classes aslassified inLANDSAT images of the year 1990 and 2010. Each LULC class is
assigned a hypothetical potential value 680 accor di ng t o the ecosystem
To asgss the demand, survey exercisevas conducted tdirectly estimated the ecosystem service
demand in the area. The study further reviewsKhe n y ratdiral resource policyelated tofood,

water and energy, and relates the outcome to the ecosystene gmtgatial and deman8tatistical

analysis is combined with mapping of ecosystem servié@smographic results show two
relationships, one is between gender and ownership of a residential house, and the other is between
urban farming and family size. Tieeis a general decrease of ecosystem service potential for the
investigated servicas the areabetween 1990 and 201The consumed quantities of food and water

per capita in the area are comparatively below those reported in literature. The naturaerpsticy

provides sound ecological and management guidelines, but it has weak information dissemination and
inefficient implementation strategies. The study proposes an improved availability and accessibility of
the most updated multayered data for yrposes of generating the most accurate results for the socio
ecological studies.

Key words: Ecosystem servicpotential mapping, Ecosystem service demand, Demography, Natural resource
policy, Perturban landscape
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1. Introduction

The comept of ecosystem services (ES) is rapidly evolving. The number of ES studies
(Seppelt et al. 2011) and the number of countries adopting the ES concept has been increasing
since the early 1970s8iernandezMorcillo et al. 2013, Braat &e Groot 2012) the ime the

ES concept emerged in the broader field of ecology and environmental sciences. Its entry into
scientific debate was met with mixed reactions from scientists and practitioners who were
already discussing on how to define and operationalise ternis s'cs 61 andscape
(Wu 2014) , 6urban ecologyd and O6ur&Buch ecosy:
1997).

The contentions between the eaacde and anthropocentric views about the place of humans

in ecological studies have derailed resedrchrban and penirban ecosystems for several
decades, despite the fact that over 60% of the world population shall be living in urban and
perturban environments by the year 2025 (Mcintyre et al. 2000). The statistics raise concerns
after realizing thathe SubSaharan region has the highest urbanisation rate of 4.1% (Smart et
al. 2015). The concern is not only about population numbers and expected dietary changes
per se(Karabulut et al. 2016) but also on the unplanned developments (land use chaaiges) t
trigger the inability of the petirban landscape to provide B®afo et al. 2015)For example,

to ensure urban food security and sufficiency in Africa, a defined land tenure system, water
supply, access to farm inputs, training and capacity builthngrban farmers are required
(Smart et al. 2015). Insofar as management of urban ecosystems and landscapes are
concerned, they are also destined to benefit from the ES concept as a tool of interdisciplinarity

and inclusivity.

However, it is generallygaeed that the usefulness of ES as a resource management tool is
realized only when it is entrenched in natural resource management policies (Maes et al.
2012,Rosenthal et al. 201BJaczka et al. 2016). Although there are many definitions for the
termsyesd em s er v iMiler@urkhad\2005 pishes et al. 2009, De Groot

et al. 2012 Silvestri et al. 2013Wu 2014), this paper adopts the definition by Burkhard et al.

(2014) because they emphasize on the conspicuous impacts of humans ompdmsndsdahe

role of déadditional i nputso6é in generating E

(2012), it is vital to inquire the connection between ES provision in urban andrpan
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landscapes (i.e. areas of high human population density)thendelated natural resource
policies.urSianncée idGsp etrhie f odeufsi noefd tahsi sii tphaep ear, e
centralbuiltu p area that forms the transitiom bet we
5).

Provisioning ecosystem servicere ahe most investigated category of ES in Africa with a
score of 36.7%of the 109 ES types as compared to the scores faethdating, supporting

and cultural serviceéWangaiet al. 2016). However, the investigations of provisioning ES
have focused maly on the ES supply but with limited focus on their spatial distribution and
demand at local scales. Addressing this gap could unleash vital information and knowledge
necessary for assessing ES budgets (Nedkov & Burkhard 2012), ESaitggorical trade

offs (Turner et al. 2014) externalities and disservices (Dohren & Haase 2015).

On the other hand, there is paucity of literature on ES demand, which may conceal the role of
ecosystems in influencing soegwonomic wellbeing (Kroll et al. 2012) and démismaking
at local spatial scale. This has made it difficult to entrench the ES concept and tools in natural
resource management policy for more stable ecosgstemproved ES quality and quét
and to boost overall human wellbeing. Therefore, thepapns at assessing the provisioning
ecosystem service potential and demand at a local spatial scale, and analysing the
corresponding natural resource policy. In order to achieve the aim of the paper, the study
addresses the following three questions:

a) Which are the demographic details of the people in the study area?

b) How does the biophysical potential for provisioning ecosystem service change

over time?
c) Which is the revealed demand for the provisioning ecosystem service in the area?

d) Which are the strengtl@d weaknesses of the existing natural resource policy?

Therefore, the aim of the paper was achieved by investigating the three provisioning ES. The
paper is structured into five sections. Section 1 isrttreduction and the research questipns
which is followed by theecosystem services selectimnsection 2. Section 3 covers the
methodologySection 4 displays thesultsand section five presents tbescussion Section 6

entails the kegonclusionf the paper. Further readings are provided ireggendix and the

attached supplementary material 1
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2. Ecosystem services selectidor the study as guided bythe existing literature

The selection of provisioning ES for the study was guided by therpeewed literature,
Kenya government reports, Uatd Nat i onsd annual reports (e.
Water, Millennium Development Goals, UNDE$R nonstate organisation publications and
print and online media reports. After analysing the available literature and reports, it was
revealed that food, wer and energy are intertwined basic human needs and are core building
blocks for socieeconomic development (Karabulut et al. 2016, GoK 2H14N Watef?,

Endo et al. 2015, Chang et al. 2D1&odfray et al. (2010) also reckon that competing (new)
demandsonfront agricultural land, water and energy resources and hence exposing them to
pollution due to overexploitation and poor management. After reviewing the goals and
missions of various (inteémational organisations, (intgnational planning strategiesnd
policies, and the Bill of fundamental human rights, food, water, and energy are underscored

and tend to be addressed intricately to each Gther

Mor eover, the three ecosystem services wer
Millennium DevelopmentGoals (MDGs) and the current Sustainable Development Goals
(SDGSs). For example, by the end of the fiftg@ar period (200R015) of the MDGs, it was
reported that about 800 million people still suffered from hunger worldwide-NIIDXG

2015). The Sulsahara Africa and South Asia regions formed the largest portion of the
hungerstricken population. Kenya has a share of the challenge in food provisioning due to
land degradation and adverse weather and climatic conditions (Godfray et al. 2010). For
example, Knya produces about 2.5 million metric tons of maize per year (Alene et al. 2008)
against an annual demand of ~3.3 million metric tons
(http://faostat3.fao.org/download/FB/FBS/E). Ré&w agriculture tends to suffer the
consequence of reduced precipitatibue to effects of climate change, especially in the arid

and semurid lands. Land use change due to urbanization and competing demands for water,

40 hitps://www.un.org/development/desal/en/

41 The Government of Kenya (GoK) through the National Treasury policy statement, agriculture forms pillar 1l for ensuring

economic transformation through adsdsing food insecurity. Pillar 11l features low cost energy and access to water supply as
prerequisite inputs for reducing cost of business and malgreproducts competitive in the global market.
http://www.treasury.go.ke/component/jdownloads/sentiBfgetstatement/222014budgetpolicy-statement.html

2UN Water is ftheagUnnay dneNcahta minssmionnt eaxl | freshwater rel at ec
http://www.unwater.org/statistics/statistidetail/en/c/246966/

43 FAOQ strives to ensurglobal food security, with special attention to sustainable land and water management. WHO
approaches 6health for allé by ensuring right quantity and
constitution of Kenya protects the rightalf Kenyans to adequate quantity and quality of food and water (Article 43 ¢ and

d). Out of the six targets by the EU Biodiversity strategy 2020, agricultures and fisheries (mainly seen as food sources) are
discussed in detail under targets 3 and 4 resjedgtand are understood as sectors where sustainable management practices

could significantly revive, restore and sustain biodiversity in European landscapes and ecosystems.
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land and energy have reduced food production (Godfray et al. 2010). Food scarcity and
shortage have raisefdod demand, especially for the estimated 12 million (~26%) people
(according to FAOSTAT 20718 living in urban and petiirban areas in Kenya. Over time,
high prices of foodstuff have motivated urban and-pdsan residents to grow their own
foods in homegardens and backyards to reduce the food expenditure. However, only certain
food types could be produced in urbangetsuch as chicken rearing (meat and eggs) and
vegetable growing (kales, spinach, tomatoes, cucumbers) because they are neithaoispace

care intensive, as well as capitalizing on market proximity (Ellis and Sumberg 1998).

Kenya is a watescarce country (WB 2010). The per capita water availability in 2008 was
792 n? and it decreased to 4673nm 2013 (FAO 2008, WB 2013). Due to pdation
increase, the per capita water availability is further projected to drop to 23% 2025
(Marshall 2011%, and eventually the demand for water shall increase and consequently
increasing the water supply deficit. For example, the total daily wieteand for Nairobi and

its neighbourhooavas0.75 million cubic metres in 2010, but the value is expected to increase
to 1.6 million cubic metres by 20#0due to population growth. According to the Kenya
Demographic and Health Survey (KDHS 2014), urbamdezgs have eleven distinguished
sources of drinking water but only seven sources have controlled and known quality
standard¥.

According to FAO (2010), wood is the oldest source of energy for domestic and industrial
use. In Kenya, ibmass fuels are theast important source of primary energy where wood
fuel (firewood and charcoal) accounts for over 68% of the total primary energy consumption.
About 55% of this is derived from farmlands in the form of woody biomass as well as crop
residue and animal wastand the remaining 45% is derived from forests (Nation Energy

Policy final draft), which are maiplowned by the government (Wak395).

Although theabovestatistics for the provisioning ES reflect the national outlook, the quantity
and quality of foodwater and energy provisioning E& local scaleare assumed to vary

along the ruraperiurbanurban gradien{Kroll et al. 2012 Hou et al. 201p This could be

4 http://www.fao.org/faostat/en/#country/114

45 http://www.american.edu/cas/econigs/ejournal/aHarticlestitle.cfm

46 http://www.businessdailyafrica.con339546/958756fitem/1+/wo5d3ez//index.html
47 https://www.opendata.go.ke/Water/DrinkigaterSource/2gdmem
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due topopulation density, land use and land cover change and the effectiveness of rules and

regulations guiding natural resources in such areas

3. Methodology

3.1Study area

The study area comprises parts of Nairobi and Kiambu Coftfhti€serefore, research
interests rather than administrative boundaries define the study area. The study area borders
Machakos County in the East and Mur angoa
Constituencies and County Assembly WA&Pdwith similar demographic and physical
infrastructural patterns. It has an estimated area of 793.15 km? and an approximated
population 1.6 million®™®. The area is characterised by cool highland climate and fertile soils
conducive for farming (Makachia 2011) with
and Olima 2007), an estimated annual rainfall o-8000mm and about 9010 rain Gys per

year (Opijah et al. 2007). The sowilestern part encompasses Karura forieg}. (1), which is

apublic forestprotected according to the Forest Conservation and Managémen2014/15

in Kenya.

48 http://www.iebc.or.ke/

4 http://www.iebc.or.ke/

50 population esthates are based on the Kenya Population and Housing Census 2009 report by the Kenya National Bureau of
Statistics (http://www.knbs.or.ke).

51 http://www.environment.go.ke/
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Study area

Land use_2010
[ ] settiement
B Forestiana
- Cropland
[ Grassiand

0153 6 Kilometers I:l Otheriand

Lo bl
[ ] wetiand
Coordinate system: Arc_1960_UTM_Zone_37S

Source: Regional Centre for Mapping Resources for Development
(RCMRD)

Longitude: 36°40'12" East to 37°8'60" East
Latitude: 1°3'0” South to 1°19°12” South

Figure 1: Geographical location of the Nairolliambu perurban area in reference to
Kenya and Africa.

3.2Research design

A case study methodology was adopted to investigate provisioning ES in -arlmeari
ecosystem adjacent to the city of Nairobi, Kenya. The study was mainly based on survey
method of reearch. To prepare, execute and coordinate the survey plan, the area-was sub
divided into six sukareas (see Fig. 1). Each satea enclosed at least one administratively
defined Constituency unit and several-suiits referred to as Warts In the area,here were

an estimated 480,008otential intervieweds, who also met théegal adult age‘criteria in

Kenya. Since the legal adult population is exclusive (18 years old and above), it differs

significantly, on the lower side, from the population figure jed in section 3.1. Since the

52 A Ward is the smallest electoral unit in Kenya, and it forms the basis of thevel@w@bunty governments.
http://www.iebc.or.ke/

53 The population estimatiopercentre s based on t he d&popul alyiAtice 8q(iepathe 6 appr oac
Constitution of Ke npeaConstiuerey (feyempMardsarakemstituanaymssumées an equal
distribution of people by dividing the total national population (at any given time) by the capped 290 constituencies
(Constitution of Kenya 2010However, the number of potentiatervieweeger centre is determined by tHiscriminative
approach targeting only individuals aged 18 years old and above. A sampling frame from the Independent Electoral and
Boundaries Commission (IEBC) was use.

54 At the age of 18 years, a Kenyan citizen can apply to be issued with the NatiamtilyICard, which is the legal official
document for identifying and transacting with all government offices and the legally registered instnti@mitiesn the
republic of Kenya (http://www.immigration.go.ke/AboutUs.html)
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guestions were targeting part of the basic human needs (food, water and energy), the
following standards were set to calculate the sample size; margin of error (5%), confidence
level (95%), and response distribution (90%heBet standards resulted into a sample size of
139, In the end, a sample size of 113 individuals was interviewedintéeviewees for the

survey were both male and female at the age of eighteen years and above. The distribution of
the target sample sizeer Ward nevertheless depended on the number of Wards and their
estimated population density in the saiea. Interviewees from each of the six-sunda were
selected using random sampling for the survey. The interviews were conducted in the daytime
and he respondents were selected without discrimination by age (but all were eighteen years
and above), gender or occupation (e.g. students, farmers and business people). Primary data
was collected through questionnaires, interview schedules, matrix tabl&sldrabservation

sheets. Peandpaper method was used to record feedbacks from the interviewees. In cases
where a respondent had limited time for the interview, the Olympus Digitiae recorder

DS-75 was usedrFrom the interviews, questions about agceconomic and the demand for
provisioning ecosystem services such as food, water and biomass/ fuelwood energy were

presentedsee example Table 1)

Table 1: Example of the interview questions for water provisioning ecosystem services

1. From where do yo get freshwater for useftargeting sources of freshwaty

resources apart from the commonly assumed piped water source)

2. For which purposes do you use the freshwafea®yeting different aspects in whig

water is utilized in the area)

3. Approaximately, he@ much freshwater do you uger monthfor the mentionec

purposes?targeting the demand of water per household)

Secondary data (mainly on ES quality and existing natural resource management policy)
originated from publications, reports, statistics péidals and land use maps. The exercise

for collecting both the primary and secondary data was conducted in two phases. The first
phase was conducted between July 2014 and January 2015 (survey exercise) and the second
phase from November 2015 to February@{updating and acquiring additional secondary
data). Data analysis was conducted using the Statistical packages for Social Sciences (SPSS)
and Excel. Both empirical and qualitative results were organized and presented in form of

tables, figures and congtial frameworks.

55 http://www.raosoft.con/samplesize.html
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3.2.1 Mapping ecosystem service potential

Using the European Union CORINE land cover (CLC) classes and their definitions, we
selected the land cover classes that best marched the land use/ land cover (LULC) classes for
the case study. The sel¢ ed CORI NE LULC <cl asses were the
format according toBurkhard et al. (2014) (Table) 2n order to show the biophysical

potential of each LULC class for the selected provisioning serygss Supplementary Al

for a complete maitx of ecosystem service potential3)he similarities in the description of

the LULC classes for both the case study and the CORINE land coversckssen
Supplementary 2and A3

Table 2 (a) A crosssection of the ecosystem service potential maBixkhard et al. 2014) and (b)
LULC classes on the-gxis and the selected provisioning ecosystem services from the case study on

the xaxis (sealetailed selection criteria of the services in sectijin 2

5 %’E‘(a]
B 88§
W @ B =5 =
S g & g 2 E£3°S
£ s = ® =
5 c 5 B |% A w2 = 8 5|E
] = k] = w . = & &2 a5 =R o S &K
@35 & 8 = > Sgp@2 = =2 5 ES . EBsssegs3 =
EfFoR"Es 55 @ @8 £ = @ o gg gcﬁ‘azméw“’
ﬁ"EE=E"EﬁE 2 = @ & =3 D en 22385 %e
528788228 25 m |8 |s 3 Sl 2383358 EE
PEEC EPPH S g3 |8 = = Eo B85 2a03coa=il
2= E=E5/ 253588 = ES S8 EE OS50 2
=28t 2Esss 8% 858 _sS838s2ee SF523ET
L s 555 B & W I ' = =5 B = S| =
2 Ro2Eesd 3Ex o £ = ® -gz n"ém“-‘c = SN2 5
SE8CEEE8258% £532E5E88:228822 g:z23%%
oS9s=z==z8=z&8¢ SHELITELFELEf=aLsd eSELS=
Confinuous urban fabric nio:ofoioioi2ioioi1iol ioioloioioloiooioioioioioi1i i3iai2a2i1io
Discontinuous urban fabric 0:0:i0{0{0:0{1:0:1£1:0 1;0;{0{0:0{0;0;0;0;Di{D30;0¢1 $13:32:2:2:2:0
Industrial or commercial units pioiojojo{oi@Eoinf1io; jojojoioioiojoioiofojojojoi1i {oioio DE,JD
o~
=
- % (b)
s | 2
w = - . .
= 2| 5| B scale for assessing potential
o sl | E
g 2 = 5| 5 0 =no relevant potential
= a3 — .-— o
S = 2|l =] =
= = = . e .
LULC classes E z : = @ _% 1=low relevant potential
Sl 2l = c| B &
(case study map) [LULC classes (COLINE) | £ | S |=Z| 2| S| & | ¢ botential
- - - 2=relevant potentia
Settlements Discontinuous urban fabric 1| of 0o o 0 P
Cropland Non-irrigated arable land 0 0 0 3 =medium relevant potential
Forestland Mixed forest 0 1] 0
Grassland Pastures 0 of 1| 0 - 4 =high relevant potential
Wetlands Water bodies 0 0f 0] 1
Otherland Sparsely vegetated areas of 1f of o o - s =very high relevant potential

3.2.2 Ecosystem service demand

In order to assess therdand for food, water and energy (section 2), indicators were selected
based on literature and the piloting exerci®ee consumed cereals (kg/ year), vegetables (kg/
year), milk (litres/ year) and eggs (tray/ year) indicated the food. Cereals comprestdtesf

or a combinationof maize Zea mayy rice and beans, or cereals in form of wheat and maize
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flour. Vegetables comprised various varieties such as cablBgessiCa oleracea capitala
kales Brassica oleracea acephgland spinach§pinacia oleraea) The indicator for milk
was in litre/ year. The discrete data for the consumed quantities were further converted to

categorical data.

The indicator for domestic water demand (e.g. cooking, bathing, washing and cleaning) was
estimated in litres per omth. Due to the unreliability of water metre readings (e.g. shared
piped water among households, faulty water metres, multiple water sources etc.) in many
households, we instead relied on the number of twiinéywater containeP§ consumed per

day, andthen calculated the approximated number of litres consumed in a month. Using the
interview inquiry, the water quality was indicated by the physical characteristics such as
odour, colour, taste, turbidity, transparency and suspended solid particles.plersy the
interview based quality assessment, five rivers were selected to test both chemical and
physical water quality standards using experimental method. Due to time and resource
limitation, the five rivers specifically targeted tKarura forest cathment which is a small

water catchment within the study area. Each river was divided into upper, middle and lower
catchment (Fig. 7). Water samples from the upper catchment were collected just before the
rivers entered the protected Karura forest (FjgWater Samples from the middle catchment
were collected inside the forest, and the lower catchment water samples were collected at the
point the rivers exited the forest. The distance between the sampling points (i.etoupper
middle-to-lower catchmentjanged from one to three kilometres depending on the length of
the river transection between the upper and lower sampling point. During the short rainy
season (Octobebecember 2015), three samples were collected from each river (i.e. upper,
middle and lover catchment) and at the same time and date. The time, date and GPS locations
were recorded accordingly using Garmin GPSwith an accuracy of 0.0000The same
procedure was repeated during the dry season (JaNMach 2015), and each time the
samples wre collected at the same point of the river in reference to GPS sample points that
were recorded in the rainy season (Fig. 7). A detailed list of sampling points and data

recorded are provided in Supplementary A4.

56 The twentylitre water container ia popular water transportation and storage doetan Kenya. The container ¢slled
mtungiin Kiswahili language and it is made of plastit the traditional setting, people fetched water fronrivers, streams
and sand dams and carried it home using the cont&loerever, during water shortages in the urban andysban areas to
date, the water vendors usgungias the unit of measuie selling water to the residents.
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In order to minimize the error of theperted quantities for food and water, the inquiry
guestions targeted the consumption per day or week, and further calculated the consumption
per year.

The indicator for energy was firewood and charcoal (defined by the frequency of use per
week and rankingf importance). In order to assess the externality of the charcoal (wood
fuel) and firewood (biomass energy), the reported cases of Upper Respiratory Infections
(URI) were used as a proxy to indicate the prevalence of the externality. We assumed that
wood energy in the area is a major cause of indoor air pollution as reported in literature
(Ezzati et al. 2000, Kammen et al. 2001, Smith 2004, Desai et al. 2004, Suryawanshi et al.
2016), which in turn causes URI. Therefore, we obtained monthly data ofeeémases of

URI at Kiambu, Thika and Ruiru Stdounty hospitals between the year 2010 and 2016.

3.2.3 Analysing natural resource policy on food, water and energy

The study adopted the framework because both Kenya and New Zealand exercise a British
system of geernance and hence the policy structures are similar. Secondly, the framework
captures the sociecological concepts, which are prime for the ecosystem services cascade
(Potschin & Hainesoung 2010) and for the practical application of ecosystem seragas

concept and a tool in natural resource management (Hearnshaw et al. 2014).

The New Zealand Natural Resource Framework was adopted (Hearnshaw et al. 2014) to
review policy guidelines that impact on food, water and energy. The conceptual framework
analses policies under three pillars. First, the saological and institutionatoncepts
(people, institutions, multiple perspectives, integrative thinking) that are located at the inner
core (red in colour). Second, theerspectivesof comprehending a gén policy (social,
cultural, politica] economic, environmentadyre codified by dlackring around theoncepts.

Third, the actuatomponentsf identifying gaps and recommending changes (identify, reveal,
establish, assess, integrate, advise) (greeolour). The doubldeaded arrows indicate the
connections and interactivity of the three pillars. The first three components (identify, reveal
and establish) are present eds deas Fsidhegandetseudl t s
fia d v icempanentare covered in the discussion. The summarized framework in Fig. 2 and

Box 1 provide more details.
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Reveal pr . Establish

Integrate | } Assess

Figure 2: Integrative framework for the analysis and review of natural resource policies (@dodifi
after Hearnshaw et al. 2014he figure is built byhree interacting pillarsconcepts perspectivesnd
components.Conceptsrefer to what policy evaluators and auditors use as benchmarks of assessing
policyés sui t abecdlogidalycontems. l thid cadeegrative thinking is the entry
point in ensuringp e 0 p | e 6 s (satiel,l etohomic mrgl environmental), ecological integrity, and
strong institutions that ensure sustainability of these aspettse five perspectivesoffer a detailed
checklist of various dimensions covered in naturesource management policies before actual
evaluations take plac&he gray boxes provides an example of the information to look for in a policy
pertaining a giverperspective Each step shows what need to be undertaken. Faentvionment
perspectivefor example, the evaluator needitientify the biophysical information such as the land
use change, ecosystem integrity and biodiversity distribufitne. componentsentail six iterative
stepsas follows;identify, reveal, establish, assesstegrate and advise In summary, the aim of
natural resource policy is identify issues that require attentiavealall the complexities involved,
establisha holistic approach in the analysis of the issassgsghe gaps between the desiredi@o
options andthe status quoThenintegrate earlier analyses to identify tradeoffs and synergies that
guide in adopting the most viable option, and finally package the final choiceshfiming policy-

makers on thgarious possibilitiesMore details are in Box 1 .
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Box 1: Guidelines of the application of concepts, perspectives and components in the analysis
of natural resources policy.

Concepts; Are the key concepts of the integrative natural resource policy incorporated?
How are the concepts articulatedross different, but related, policies?

Perspectives; Are all the perspectives visible in the policy?
Are the perspectives partly or conspicuously visible, or missing?

Components; Identify the target policy issue is on natural resources connexfedd, water and energy.

Reveal stakeholder conflicts and power struggles to utilize, control, manage and transfé
stated resources are revealed to indicate interdependencies or frictions among differen
groups, resources at stake and sources oftineds.

Establish focus on the adaptability of the policies to both possible future resbasesl
outcomes and human behavior change. For example, considering possible incentives ¢
disincentives associated with water privatization in the futurethf@olicies flexible by
providing a oO6policy |ifespand after wh
embrace possible future changes due to change in technology, human cultures and be

Assessassessment of the level of awages about the rights, obligations, and duties for
various stakeholders. For example, it would be useful to assess the level of knowledge
opinions of users of land, water and energy resources, with an aim of establishing certg
about possible futurgociceconomic behavior changes. Does the policy provide for
community capacity building on matter of food production, water and energy access an
utilization?

Integrate the understanding that a wivin does not mean a 50/50 share of benefits and
losses. This is because due to given different uses of the same resource, impacts gains
from the resources may be different. The strength of the policy would then be its ability
develop a convincing and logical narrative to reconcile tradeoffs amdiog gains through
integrative thinking. How are the possible compromises handled by the policy to ensuré
equity?

Advice in this case, advice refers to policy recommendations based on the findings in t
analysis process. Unreconciled tradeoffs mélyfaadifferent policy options.

NB: The natural resource policy review and analysis in this paper is passive rather than
because it is based on literature instead of real stakeholder process.

4. Results

4.1 Demographic and socieconomic details

Twenty two percent of the respondents picac periurban farming (Table )3 Likewise,
77.0% have no farmland, whereas 16.0% own a home gaftienhouseholds with four or

five family members comprise about 20.5% each. Approximately, 35% of the households
have either twar three family memberg\bout 70% of the people in the area are betwhen

ages of 240 yearsThe overall mean score of the household size is 4.57.
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Table 3: Demographic and socioeconomic details of the interviewees (n=113)

Age category (Years) Frequency Percent Cumulative
Percent
20-30 44 3848 CER:]
31-40 34 301 69,0
41-50 14 12,4 814
51-60 9 g0 a89.4
=G0 12 10,6 100,0
Muclear family size
1 2 18 1.8
2-3 39 345 36,3
4-5 46 40,7 770
g-7 17 15,0 gz2.0
g-9 4 3.5 956
10-11 5 44 100.0
OQccupation
Farmer 3 27 27
Vocational 3 27 53
White collar 12 10,6 15,9
Business av 32,7 437
Casual 36 3149 805
labourer
Unemployed 22 195 00,0
House ownership
Owned 44 384 KER]
Rented &g 61,1 100,0
Peri-urban farming
Mon-practicing g8 77a 77a
Practicing 25 221 100,0
Addition farming inputs
e.qg. fertilizers
Mo inputs G 53 53
Use inputs 19 16,8 221
Maon-farmers 88 77 A 1000

Figure 3 pesents occupation types for different age groups. People betweéh @éars

dominate in the business, white collar and casual Pl B.usi ness® occupation
hi ghest score (32.6%) and the categg.3. of Oc
Unemployment in the area stands at 19.5% of the population. Only 5.3% of households have
between nine and ten members. Results show that 60.7% of the total male respondents owned

a residential house as compared to 31.8% of total female respgnderelationship was

revealed betweehouse ownershi@mnd gender The observed house ownership for males
(owned=17, rented=11) and females (owned=27, rented=58) were analysed uShig a

square goodness of fit test. The null hypothesis was reject&{l) = 7.424, p < 0.007.
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Likewise, results confirmed that the family size was dependent of people undertaking farming
activities atx?(1) = 5.232,p < 0.02.

207 Age
category
(Years)
M20-30
157 M31-40
- [J41-50
2 Ms1-60
g [1se0
T 107
2
18
5_

Casual
labourer

Vocational White collar Business

Farmer

Unemployed
Occupation
Figure 3: The distribution of occupation type by age category (n=113).
4.2 Ecosystem service potential
The biophysical changein the area between 1990 and 2010 are identified in the land use

change analysis results in Table 4 below.

Table 4: Biophysical changes reflected in the land use changes based on the size by 1990

Land useclass Land use change in 2000 | Land use change in 2010

based on the ara in 1990 | based on the area in 1990
(+/-10) (+/-10)

Settlements + +

Cropland + -

Forestland + -

Grassland - -

Wetlands + +

Otherland + 0

(+) =increase, {) = decrease, (0¥ no change

NB: The change is only in referencethe land use size in 1990. The table does not communicate how

0bigb or

6smal |l 6

i's the
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From the above spatiotemporal biophysical changes, the ecosystem service potential of

provisioning servicealso change accordingly as described in the methogdlagle 2.

The ecosystem service potential for freshwater, energy biomass (firewood), food crops, and
wood fuel (charcoal) are displayed in Fig. 4. In 1990, 0.4% of the area had very high relevant
potential for water, energy biomass (36.5%), food cr@&s506) and wood fuel (5.1%). In

2010, areas of very high relevant potential were as follows; water (0.8%), energy biomass
(36.1%), food crops (36.1%) and wood fuel (4.7%). Besides, the area with low relevant
potential for energy biomass was 52.1% in 198, the area decreased to 25.8% in 2010
(Fig. 4 b1/b2). Similarly, the area of low relevant potential for food crops was 10.8% in 1990,
but the area increased to 37.2% in 2010. The area had no relevant potential for freshwater
(~99%) and wood fuel (~95% 1990 and 2010 (Fig.4 al/a2 and d1/d2). Between 1990 and
2010, the potential for food crops in the area increased (Fig. 4 c1/c2).
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Freshwater Potential 1980 Freshwater Potential 2010

a2 -~

Energy Blomass Potential 1990

Crop Potential 2010
c2

Crop Potential 1990
c1

[Woodtuel Potential 1990 1 [woodtuet Potential 2010 .
a1 @2

€ 12 18 24 A

3
™ o ™, Kilom eters Coordenate System. Arc 1960 UTM Zone 375

3

2 4 b
cotour s e B .

Figure 4: Comparison of hypothetical spatial representation of ecosystem service potential between
1990 (on the left side) and 2010 (on the right side). The colour scale is interpreted as fatlows 0
relevant potential; ¥ low relevant potential; 2 relevant potential; 3 medium relevant potential; 4
= high relevant potential; & very high relevat potential.
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4.3 Ecosystem service demand

4.3.1 Food
Figure5c¢ shows tha61.7% of households consume a maximum of 100 kg of vegetables per
year (n=94). However, only 5.3% of households consume above 250kg per annum, and that
33% consume equal to or less than 5@y year. Fig. 5d reveals that 42.1% households
consume between 150kg of cereals per year, whereas 28.9% consume below 100kg per
year (n=76). Only 2.6% of the population that consume above 300kg per year. Results show
that an estimated 40.5% of the seholds consume 6120 eggs/yedf, 41.9% consume 150
270 eggs/year, and only 10.8% consume above 270 eggs/ year (n=74). The results indicate
that 20.6% of the households consume less than 150 litres of milk per year. The highest
consumption (33%) of milkanges between 35400 litres per year. Only 7.2% of households

that consume above 400 litres of milk per year (n=97).

30~ 40

i

29,5%)|

i
-5 2%
= 31%

T T T T
02 24 57 79 >g <150  150.200 201-250 251-300 301350 351400  >400
a) "How much eggs do you consume (trays) per year?" b} "Hew much milk do you consume (Ltr) per year?"

8

21 6%

Frequency
Frequency

5]
1=
a
=
-

4 40

[
3

3

Frequency

Frequency
3
2

2

ha
(-5 51-100 101-150 151-200  201-250 >2E() 50-100 101-150 151-200 251-300 201-250 =300
c) "How much vegetables do you consume (kg) per year?" d) "How much cereals do you consume (kg) per year?"

Figure 5: (a) Estimates of eggs, (b) milk, (c) vegetables and (d) cereals consumed by households per

year.

57 A standard eggray contains 30 eggs and it was used as the unit of measure in the interview.
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4.3.2 Water
The main sources of ater for domestic use in the area are rivers, piped water (municipal
water supply), boreholes, wells and rainfall (precipitation). Domestic freshwater consumption
ranged between 1800 and 6600 litres per month. Fig. 6A show an approximated 65% of the
populdion consuming less than 4200 litres per month. This translates to 140 litres per day.
High domestic water consumers above 6600 litres per month comprise ~3% of the population.
About 98% of the residents have access to piped water and an approximatedf 11886
people also use river water (n=113). Using the physical characteristics of water (colour,
odour, taste, turbidity, transparency and suspended particulate matter), the quality of river and
piped water is displayed on Fi§B and C respectively (se@upplementary AJor definition
of qualitative definition of water). Although borehole water was used by only 4.4% of people

in the area, 80% of the people rated its qua

water quality as oO0cl eanbé.
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Figure 6: Percentage of respondents in thaxys and their category of domestic freshwater consumption in litres per month caxise(&), the percentage of
respondents and the physical qualityigér water(B) and the physical quality giped water(C).

Figure 7 below shows the chemical water quality using the pH, hydrogen carbonate ion concentrati®yy (H&@ical oxygen demand (COD)

and nitrate ion concentration indicators. Fig. 7a compares results during dry and wet season and Fig. 7b cartpdoesseenples collected

from the upper, middle and lower river catchments. Fig. 7c displays-sestibn of the land use map with the location of the five rivers and the
water sampling points. Fig. 7a shows that at 95% CI there was no significargrdiffén indicator values for water quality in dry and wet seasons.
Except for the pH that was constant the value of 7.4, the concentration of the other quality indicators increased ftomigoiieecatchment, and

the concentration of quality indicakodecreases further towards the lower catchment. For example, the COD concentration at the upper, middle,
and lower catchments are 1.5Mg/ L, 2.7Mg/ L and 1.7Mg/ L respectively. In the upper catchment the rivers flows througts enoghlauman

settlemerg. In the middle and lower catchment, the rivers flow through the forest and further through human settlements (Fig. 7c).
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Figure 7: Comparison of river water quality in dry and wet season (a), change in river water quality
using samples drawn from thepgw, middle and lower river catchment (b), and asediion of the

study area showing rivers, land uses and the water sampling points from upstream to downstream river
catchment (c)Units of measurement are as follows; pH= no units, EHIEQIg/L, COD = MdL,

Nitrates = jartsper million (ppm)

4.3.3 Energy
By considering the three main sources of energy, charcoal, paraffin and electricity occur
frequently in the combinations (Fig. 8a). Firewood, charcoal and paraffin are the most
favoured sources of energy fooaking and heating. Witlhundefined energy usgas and

paraffin have a score of 20% each, and their level of importance is ranked third after firewood

167



[Mapping Ecosystem Services] [Resource Management] [Humabaig]] By: Peter W. Wangai

(27%) and charcoal (28%) (Fig. 8b). Wittefined energy usdirewood (31%), charcoal
(28%) and paraffi(21%) are the most favoured sources of energy for cooking and heating
(Fig. 8c). Majority of residents alternated between firewood and charcoal for cooking and
heating, because the two energy sources were selected by 59% of the respondents.

4.3.4 Externality elated to energy use
Moreover, the number of reported cases of the Upper Respiratory Infections (a proxy to
indicate the indoor air pollution from the use of firewood and charcoal) in the area have been
increasing from July 2010 to July 2015 (Fig. 9a & Alhough monthly scores vary each
year, the month of July has generally higher number of reported cases than the other months
in each year (Fig. 9b). Kiambu Seabunty hospital has the lowest monthly mean score of
2188 and 2784 reported cases of URI difec patients below and above five years
respectively (Fig. 9c & d). On the other hand, Thika -8Babnty hospital has the highest
monthly mean score of 4000 and 4860 reported cases of URI affecting patients below and

above five years respectively (Fig. &d).

Fi d
by Gas
Firewood Firewood

2%
31%

Charcoal

B Paraffin

Charcoal \ /" Charcoal

28%
28%

Figure 8: Sources of energy ranked by the overall combination tendency with others (a), the five most
important sources of energy for undefined use (b), and the four most important sources of energy for

cooking and heating (c).

At 95% ClI, the rported cases of URI for patients below five years at the KiambtcQuiitry
hospital were statistically different from Thika and Ruiru for the same category of patients
(Fig. 9c). Similarly, at 95% CI, Thika Sutountry hospital was statistically differefiom

Kiambu and Ruiru for the URI cases reported by patients above five years (Fig. 9d).
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Figure 9: a) The annual mean of reported Upper Respiratory Infections (URI) casgb) the
montly trend of reported URI cases). The errorbar showing the memaand variability of URI cases
for patients below five years of age, and d) the doeor showing the mean and variability of URI
cases for patients above five years of age in threec8uity hospitals between January 2010 and
September 2016.

4.4 Natural reource management policy review; food, water and energy

Refering to the six steps in the methodology Figure 2, the following analysis results are
drawn:
Identify; The Kenya natur al resource policy could
natural resource policies confined within several government ministries, institutions,
authorities and serviceReveal;the hybrid version of policy present a complex issue to deal

with conflicts between profitiriven and conservatiedriven inteests and opiniapertaining

a givenpolicy. Establish; although realizing a holistic approach in such complex matters is
difficult, the assesment of the updated water, food and energy policies after the new
constitution of 2010 shows a declining number of gaps and uises. The Kenyan
governmentttempts tantegrateapproach in drafting natural resource policy and law. This is
because of the knowledge that various natural resources (forest, rivers etc.) are involved in
generating a single provisioning ES such as wate
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The concepts of sustainability and ecological integrity resonate in all the reviewed policies
(Appendix 1). However, certain perspectives such as community participation, economic
gains, cultural heritaget ceteraare entrenched in some policy documserbut no legal

backing in the respective Acts of Parliament. Although the cases of conflicting mandates and
overlapping functions of the sectoral organs in the policies are few, some policies
acknowledge and address them accordingly. For examplé&otiesvord SectiorPart (C) of

t he National Forest Policy 2014 cleardvisienof t hat
responsibilities bet we e Mppendixbl) iThe impatanteoaf i nst
distinguishing bet waegrd dabwe résMagnhatgbe, memR &g url oalt
also emphasized in the water, forest and land policies. For example, after the inauguration of

thenewConstitution of Kenya in 2010, t he o6 Wa:
(WRMA) in Article 7(1) of the Waea r Act 2002 has since been
Resources Authorityo (WRA) in Ar tWRMAStI 9( 1) ¢

appear in the Irrigation Act 2015 and the Draft Nation Irrigation Policy 2015 report. Some
statements across differertligies are ambiguous. For examglee Draft National Land Use
Policy 2016only20% aftthe dandtatea ¢an be classified as medium to high
potential land and the rest of the land is mainly arid orsemii d o ( Appendi x 1)
does no specify the type of productivity potential (farming or pastoralism) in focus. Some
policies cluster together and tend to reinforce each other in the management of a given
resource. For example, land, irrigation and agriculture policies share much entcantd

focus on food productivity (Appendix 1). Water catchments se®rbe the link between

forest and water resources since both policies emphasize on protection of water catchment
areas. The concept ¢dnd potentialappears in théraft National LandUse Policy 2016,

which has a similar meaning with the ecosystem service potential in the matrix approach.
Participation of private sector in fordsased economic activities is low due to the low market
valuation of forest products (wood and nenod prodaets), and Section 18 of the Forest Act
2005 created a fund to support forbased projects and businesses. In all policies, there is
lack of a defined method on how to sensitize the public about the content and interpretations
of the new (or revised) paly. Given the strength and weakness in the evaluated policies,

science camadviseon the most viable policy options that are rational and practical.
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5. Discussion

5.1 Demographic and socieconomic details

The details in this section serve two purposesHerarticle; to give a descriptive information
of demographic and socieconomic realitiesn the area, and tbhnk demographic details to

ecosystem service demaiithe former purposes in elaborated in section 5.3.

It is interesting to note that the rai&unemployment in the area (19.5%) is higher than the
national average rate of 17.4% as reported by the World*8anR014. Similarly, Odhiambo

and Manda (2003) found a trend of increasing urban poverty in Kenya, and that in 1997 an
official survey foum that 49% of the urban population in Kenya are poor (Mitlin and
Satterthwaite 2013). However, Mitlin and Satterthwaite (2013) criticised the methods used in
assessing urban poverty because a similar survey in 1998 reported urban poverty at 1.2%.
They arged that the two statistics are irreconcilable and cause confusion in acquiring
accurate representation of urban and -peoan demographic and socioeconomic reality.
Although the study did not inquire about the formal skills of the people, the high
unemployment could be because of the increasing number of people without formal skills in
the study area and this affects their employability. For example, the age category between
twenty and thirty years comprises of 50% of the unemployed people. Moreoverjtdrégym

of people under the age category are likely to be-working and in school, because the
Kenya National Bureau of Statistiéseports that the average number of years spent in formal
education has been increasing in the last decddeslow p value of 0.007 for the Chitest

indicate a very strong evidence of a relationship between gender and house ownership.
Similarly, the family size has a significant association with households that practiced farming

T similar to the findings by Gallaher et al. (B)1However, this study did not distinguish the
direction of association (i.e., whether big family size increased or decreased the engagement

in farming).

Sehttp://data.worldbank.org/indicator/SL.UEM.1524.ZS?locations=KE

59The Kenya National Bureau of Statistics (KNBS) indicate an increasing number of enrolments in primary schools and
increasing number of transition to tertiary education (college and University) between 2007 and 2013.
http://www.knbs.or.ke/index.php?option=com_phocadownload&view=category&id=71:education&Iltemid=1124#
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5.2 Ecosystem service potensal

The ecosystem service potential of biomass, wood fuel and foodadedrslightly between

1990 and 2010, whereas over 90% of the area has no relevant potential for water in the same
period. Although there was no empirical data available to display actual values of supplied
ecosystem services (e.g. kg/ha for maize), theotigtical matrix values are informative of

the role of ecosystem properties and function for the provisioning ecosystem services
(Burkhard et al. 2012). For example, within the period of twenty years, the area of low
potential for energy biomass decreagehalf and seemingly increasing its demand. One
advantage of this assessment is that the relationship between ecosystem service potential and
demand in the petirban area is mainly direct and with minimal intermediate actors
(Burkhard et al. 2014). Thag,ithe produced food, water, wood fuel and energy biomass have

a ready demand and are consumeditu (Fisher et al. 2009). However, results show that
since 1990, the potential for water and wood fuel has been explicitly low and hence the

importation of hese services could be inevitable.

5.3 Ecosystem service demand

5.3.1 Food
Despite the small percentage of people who own a farmland in therrpan area, food
production mainly from backyards and hogerdens still make a considerable contribution to
the totalfood consumed. This finding concurs with the results of a similar study at Nakuru,
Kenya (Foeken & Owuor 2008). In order to optimize crop yield, 76% of farmers confirmed
the use of additional inputs such as fertilizers and pesticides as a way of inbgn#iyd
production. The use of additional inputs in urban farming emerged in a similar study at Kibera
estate in Nairobi (Gallaher et al. 2013). Although we attempted to quantify the additional
inputs applied in the homrgardens, the question returned fi@msponses that were insufficient
for generating results. Although more than fifty percentage of households consume over 50kg
per year, the value is below the Kenyads pe
reported in 201% and 37.8kg reported 2013 (http://faostat3.fao.org/download/FB/FBS/E).
The relatively small quantities of the annual vegetable consumption could be attributed to the
ocency biasd ( Stteeaniuerce af eecent 8venis®irrent deciseon and

responseshecaise part of the interviews were conducted after the dry month of September

80 hitps://www.statsmonkey.com/hbar/205@st-of-counties-by-vegetableconsumptiorper-capita.php
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2014. The dry weather conditions cause a temporary shortage in the supply of vegetables and
milk, which raise the price per product and hence reduce the quantities consumed by
houshol ds per day. The O6recency biasd6 could h
and milk reported by the interviewees in re
rather than the normal average across the year. For example, although apptpXifhat
percentage of the households consumed more than 200 litres of milk per year, the per capita
consumption (averaged by the number of individuals in a household) is generally below the

per capita milk consumption in Kenya by 26b7However, an estimted 40% of the
population consume above 93 litres per capita, which is close to 95 litres per capita reported

in 2013 by the FAOSTAT (http://faostat3.fao.org/download/FB/FBS/E). Our indicator for

eggs consumption (Number/ year) was different from thatd usg the FAOSTAT
(kg/capita/year)and hence comparison was impossible.

Although the study did not assess the quality of food consumed in the area, other studies in

the area found o be a potential health riskFor example, Inoti et al. (2012: 45pcet that,

Aur ban grown vegetables take up the heavy
contaminated urban streamso. Mor eover, about
regions of Kenya contained aflatoxin levels above allowable limit gg@Daccording to the

Kenyads regulatory standards (Lewis et al. 2

5.3.2 Water
The area residents have multiple sources of water for domestic use and about 98% of the
residents are connected to piped water. Although the proportion of residents usimgjebore
water is smaller compared to that using river water, the Kenya Demographic and Health
Survey?c |l assify borehole water as O6i mproved sou
domestic use. Supplementary A6 and A7 provide the quality classficafi other water
sources for domestic use and treatment methods for urban and rural areas. Since only 31% of
the residents experienced a constant flow of piped water for seven days in a week, it is
inferred that there was an existing gap in meeting wierand in the area. The estimated per

capita water withdrawal for domestic use in

61 The per capita consumption of milk in 2007 \@&s64 kghttps://www.statsmonkey.com/hbar/185it-of-countriesby-
milk-consumption.php

62 hitps://data.humdata.org/dataset/keagarcesof-drinking-waterin-ruratandurbanareas/resource/6ff49deB2a4ada
bbb70d8569df372b
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of ~73 m3 (FAO 2016¥. This is probably due to the alternative water sources that cater for
the gap even with the knowledgeoai their unreliable quality standards. It is worth noting

that in spite of the study area being located in a region with precipitation for surface and
underground water recharge, there is a gap in accessing adequate and safe water for domestic
use. The dicrepancy between the survey and experimental assessments of water quality
reveal the need to combine the two methods to ensure safety of domestic water. For example,
the water pH ranged between 72125, which is safe for drinking water. However, abdwe t

pH 7.2, the effectiveness of water chlorination as a method of water disinfection in the area
declines (WHO 2008). The water quality results indicate dynamics in indicator concentration
from upper to lower river catchments. For example, the water aipgper river catchment
(dominated by settlements and farmlands) has high concentration of quality indicators
(hydrogen carbonates, nitrates and chemical oxygen demand), but the concentration of the
indicators decreased as the water flows through the pedtdorest to the lower river
catchment. This trend of change in indicator concentration imply a critical role of different
land uses in influencing water quality (in this case from settlements and farmlands to
forestland). Due to the few water sampledemiéd for the water quality test and the short
inter-seasonal time of sampling, it is impossible to establish the trends or draw major
conclusions. However, Fig. 7 provides a snapshot of water quality variations at the given time
and location, which raiseuriosity to undertake a detailed monitoring over long periods in

order to establish and confirm trends of water quality in river waters.

5.3.3 Energy
People in the study area use multiple sources of energy at the same time. Electricity emerged
the most impodnt complementary source of enerdyirewood resulted to be the most
important form of energy for cooking and heatiitpwever, charcoal is the most important
single source of energy for general purposes. Although this result generally concurs with
Mwampanb a6 s (2007) study that charcoal i's the
areas, firewood emerged to be of similar i mp
surmise that the difference was because-ydran residents do have lifestylegth higher

rural impacts than do the urban residents. Although firewood and charcoal are very important

63 FAQ. 2016 AQUASTAT websité=ood and Agriculture Organization of the United Nations (FA@bsite accessed on
[yyyy/mm/dd]. http://www.fao.org/nr/water/aquastat/countries_regions/Profile_segmentsyflBNeng.stm
http://www.fao.org/nr/water/aquastat/maps/Wekdp.ww.cap_eng.htm

< http://www.fao.org/nr/water/aquastat/main/index.stm

ChartsBin statistics collector team 201Total Water Use per capita by CountGhartsBin.com, viewed 28th October,
2016, <http://chartsbin.com/view/1455>
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sources of energy in the area, they are a source of indoor air pollution (Ezzati & Kammen
2001), which could have contributed to the reported casésppér Respiratory Infections
between the year 2010 to 2016 (Fig. 9).

Since the referred indoor pollution is not a direct output from the ecosystem, it is neither a
disservice nor a tradeff, but rather anegative externality (Cornes and Sandler 1996)
Therefore, besides the benefits accrued from ecosystems, there could also be unintended
negative externalities. Negative externalities emerge from the manner in which people utilize
an ecosystem service. In this case, they are either a result of techalodwggocioeconomic
choices rather than an ecological concern. For example, instead of using firewood in open
stoves, the use of improved lesmission cooking stoves (MEP2015) as an appropriate
technology can reduce the intensity of exposure to indoliutjom in developing countries
(Ezzati & Kammen 2001). Similarly, the increased domestic consumption of electricity
(KNBS 2015), and the increased geographical coverage in electricity connectivity in Kenya
from approximately 30% by 2013 to 80% by 2017 svadso expected to reduce the reliance

on firewood and charcoal as the primary sources of energy, and hence an expected reduction
of indoor air pollution. Surprisingly, Fig. 9 does not confirm the expectations. However, cases
of indoor air pollution for chidren below five years at Kiambu Swounty hospital differed
significantly (95% CI) from both Thika and Ruiru Saobunty hospitals. This point to a
probable higher adoption of clean energy in Kiambu -8&umnty for domestic use and

preventative care to dtiren below the age of five years.

5.3.4 Connecting demograph¥S potential and ES demand using milk as an
example

By considering a population of about 1.6 million in the study area in 2009 and a per capita
milk demand of 93 litres of milk for about 40% diet people in the area, an estimated
5.95x1d m® of milk would be required per year in the area. This demand is even higher
because population might have increased since the 2009 Census. On the other hand, Table 4
shows a declining area of grasslands, whidmainsources for livestock foddeFhis means
that as more grasslasmdreconverted to settlements, the potential to produce enough milk for
the people in the area will declimeie to thedecliningability to sustain dairy livestocK:his
example reticts the trend for the demograpb$ potentiaES demand relationships for the

other investigated provisioning ecosystem services.

64 Kenya Ministry of Energy and Petroleum 262317 Strategic Plan reported in the year 2015.
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5.3.5 Waterfood-energynexus
Literature has cited the inextricable relationship between the three terms in the domain of
ecosysten science and policyKfbaroglu and Girsoy 2015, Endo et al. 2015, Chang et al.
2016) Indeed, one cannot make a decision on food production without energy and water
considerations. Energy, whether in form of wood fuel, biomass or feldobricity, depend
on water in adequate quantities and volumes. This makes water accounting and assessment of
water footprints a complex endeavour. For example, one kilogramme of beef requires 15000
litres of water compared to 130 litres of water required to produce oogr&ihme of
lettucé®. The per capita beef consumption in Kenya is 12 kilogrammes (Bett et al. 2012).
Referring to the study area with an estimated population of 1.6 million people qeetesn
3.1), the people would consume a total number of 19.2 mikimgrammes of beef per year.
The beef would thus require 2.88%t@ubic metre of water, thereby putting more pressure on
water and energy resources. It is from these interactions that an ecosystem service approach
become proper andf curutch api lalsaro@@ ddEdc o Dyattem S
20169, which goes beyond the single service accounting or the single payments of an
ecosystem service, while establishing the best estimates for the demand, valuasfsrade
synergies and the spdti@lations of the three key ecosystem services for development and

human wellbeing.

5.4 Natural resource policy

The policy analysis points to both strengths and weaknesses existing in the regulation, control
and management of the selected natural resaurGemnerally, there is undisputed
consultations across different government ministries in designing and formulation of policies
aimed at addressing interrelationships among various natural resources. The ecological
principles, stakeholder participation, gmultural, economic, and diversity of political voices

and interagency inclusivity resonate in all policies (though at differing intensities). It is
noteworthy that the Constitution of Kenya 2010 invalidated all policies that came to effect
prior to itsamalgamation in August 2010. However, after it created two levels of government
(County and National), all government ministries have developed new (or revised the old)

natural resources policies to comply with the constitutional guidelines. The pblsiesput

85 http:/AMvww.unwater.org/topics/watendfood/en/
86 http://www.sciencedirect.com/science/article/pii/S2212041616300092
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measures to ensure the flow of provisioning ecosystem services, for example, the Acts of
Parliament created the various authorities such a¥dter Regulation Authoritgnd Food

Authority. The action corresponds to the Constitution of Kenyai&@edt3(1) (c) that states,
Afevery per s dmbe flee Fomthimger, and tp indve adequate food of acceptable
gual i tgecgt iaond 43 (1) (d) provides that ARever )
water in adequat e gtudgashowed thatthedomajority mfvwpeople were t h e
concerned by the O6cleanliness6 rather t hat
Despite that t he s-abdydaarteéa ziosnei,n tdedwa twer
interruptions in the flow of pipevater. That means there is supply (availability) of the ES

(high precipitation and constantly recharged aquifers), but the ES does not flow to the
consumers. The findings invoke the definition of ecosystem services by Burkhard et al (2014)
about the role oadditional inputs in ensuring flow of ES from the service providing units to

service benefitting areas (Syrbe and Walz 2012), especially in urban andhaariareas.

Due to the autonomy, and the different timelines and priorities set by the government
ministries to comply with the Constitutionds
some ministries were yet to complete the process of repealing or merging institutions
accordingly. This has resulted to conflicting information and reducedrgigseamong

different ministries. Although various policies created funds to offer incentives to
communities and private partners for adopting best practices in natural resource development,
certain conditions are discriminative. For example, the minimeea af 0.5 hectare set to
define a oO0Oforestdo in Section 2 of the Fores
government funding), exclude smaltale farmers with langarcels that are smaller than 0.5

hectare, and who were also willing to partrwith the government in the afforestation
progr amme. Not abl vy, t he Wartbearn Awat e20 1s4e rrve cco
forest Act 2015 recognizes establishment of recreation parks in new settlement and ensuring a
5% forest cover within the urbaand perurban areas. However, neither of the two Acts

defi nedrd adjp mapmla that could derail the afforestation work by the County
governmentsFor example, by 2010, the study area had a forest cover of 4.7% (below 5%
mark). However, wliout a declaration as an urban and -peban area, the County
government may fail to implement the 5% forest cover with impurityall policies, it was

unclear of the measures to put forward to sensitize the public of the content and interpretation

of the new and/ or revised policy documents. Therefore, the policy documents could remain
relevant only to the technocrats and a few people with advanced legal knowledge and

understanding.
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5.5Uncertainties and limitations

Due to the low resolution and high gealization of the satellite maps, some physical features
and infrastructures such as roads, rivers, pods and parks were not reflected. This had an
implication on the output maps of ecosystem service potential. Similarly, the rapidly changing
land use in than and perurban landscapes is outgrowing the frequency of spatial data
capture via satellites, and therefore the analyses from such maps have a margin of deviation

from the reality, which need to be tolerated.

There is the question on the suitabildaf/the European Union CORINE land cover classes,

and the matrix values for assessing ecosystem service potential in a tropical region. The
CORINE land cover classes may have slight differences with land cover classes in a tropical
orientation. However, #h classes resemble land cover classification in other continents, but
may differ in the size of the Oomini mum mapp
satellite image represent land cover during summer, and at the time, the European vegetation

cower resembles the evergreen vegetation at the tropics.

The study assumed the accuracy of reported demand for food, water and energy. This is
because the study relied on the questionnair¢gsteng exercise as the only test of validity of

the survey dataollected. Secondly, we could not get spatial data for the distribution of people
in the area. This made it impossible to generate spatial distribution of ecosystem service

demand, hence hindering spatial comparison between potential and demand.

Althought he t er ms o6cer eal 6 -categdriesOtheestuaytwasbuhabls ® h av
treat the slt at egori es independentl y. For exampl e,

mai ze, and O6vegetabled could refer to either
Due to the few wter samples collected for the water quality test and the shorsedsonal

time of sampling, it is impossible to establish the water quality trends, model quality trends or

make major generalization across the case study.
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6. Conclusion

The study show an interesting relationship between family sizes and the type of occupation.
Majority of people in the area are either satfiployed in private businesses or employed in
temporary wages. The pariban assessment of provisioning ecosystem service @dtant
demand have revealed key information for the residents, decision makers and urban planner.
To the residents, the need for the housel®lé! interventions to save energy, and minimize
food and water wastage has become apparent. To the -pmdikgrsand urban planner, a
sustainable urban development will be informed by the revealed impacts of biophysical and
land use change on provisioning ecosystem services. From the study area description in
section 3.1the area is comparatively a watdundant @ane, and with high potential for food

and dairy livestock productivity. Besides, the study area is close to the high population city of
Nairobi and a ready market for the agricultural products such as cereals, vegetables and milk.
Therefore, the area has lagh potential for selbufficiency in provisioning ecosystem

services, as well as a potential exporter to the city of Nairobi.

To realize the dream of a sustainable jpeban area, there is need for a robust natural
resources management policy. The @dd framework to analyse the natural resource policy
has provided a comprehensive information that can guide improvement of existing policies.
Through the adoption and application of the framework, the study identified three broad
strengths of the naturedsource policy in Kenya. First, the interconnectivities among national
policies that promote best practices in the regulation and management of the natural
resources. Second, the integration of sustainability principles and support of international
treaies on best practices in land, water and energy management. Third, the attempt to
harmonize and ensure coherence in esesdoral resource management laws. Besides, the
study identified three broad weaknesses. First, there is lacking definitions ofriagptothat

are necessary for managing resources within seoidogical systems. Second, in the context

of massive policy restructuring to comply with the national constitution, there are no clear
mechanisms for conducting civic education and public avem®and hence the influence of
the O6newbd policies in adopting best practi c
with the progress policy guidelines, the implementation agencies have a fuzzy implementation

strategy of the policy directives @in several cases it is difficulty quantify the achievements.

Concisely, the local scale study indicate that the ecological and socioeconomic dynamics in

periturban and urban ecosystems could have been misreported ofrecksented in the
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national andnternational statistics. The study confirmed that the concefznaf potential

exist in the natural resource policy, although its operationalization was unclear. The study
recommends similar studies to assess the degradation and fragmentation ofpsewddeg

units, and gather details on service benefiting areas, where science guides policy on how to
operationalize the concept of ecosystem service potential and demand. As resource planners
and managers strive to ensure provision of ecosystem seraisgstems approach should be
adopted to identify possible negative externalities emanating from the service utilization,
which could affect other constituents of wellbeing such as health. In order to increase the
accuracy of mapping and assessment ofdt@system service potential and demand, the
governmentfunded research centres, statistical offices and technical parastatals should jointly
work to ensure availability, transparency and accessibility of the most updated data (i.e.
social, economic, landover/ land use, ecological, geological, and climatic data) for socio

ecological studies.
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Appendix 1: A policy review based on the New Zealand natural resource policy framework (Hearnshaw et al. 2014), in relation to feod] erategy

Table 1: Natural resource policy analysis in relation to food, water and energy provisiayEggten services

Ecosystem | Selected Socioecological Perspectives Policy analysis components

services natural concepts visibility
resource
policies

Food Agriculture | The Draft Nation Irrigation Policy 2015 appli¢ The Draft Nation Irrigation Policy The issuesraised by the Draft Nationg
Land integrative thinking by n ¢ o r p arigaioniwater| 2015 stipulates guiding principles al L a n d Use Policy
Irrigation harvesting and storage, -field water managemen| concepts that encompass, amdq urbanization, inadequate land U

protection of water catchment and riparian areas,| others, social inclusivenesg planning, unsustainable agricultural a

fertility management, pest and disease control
ot her appropriate agro
Clause 36) in dosting agricultural productivity.

The Draft Nation Irrigation Policy 2015 is key
support institutional reforms by extension, there
working closely with, among others, the Natioi
Environment Management Authority (NEMA) Secti
3.2.4 Clause 95).

Besides, the lIrrigation ACT 2015 also demonstrg
the spirit of integration and collaboration with oth
sectors, for example, through

Inter-Governmental Relations Act 2012 (to harmon
decisionmaking structures),

The Technical and Vocational Educatiorddrraining
Act 2013 (to build capacity of farmers)

The Draft National Land Use Policy 2016 embra
socioecological concepts of finiteness of la
resource, land as core for economic development,
as a cultural heritage, and need for sustain
utili zation and management of land resource (Sec
1.5)

Some concepts such as |
etc are still not clarified e.g. The Draft National Lan
Use Pol i cy Ody®a¥of thedandhatea s
can be classified as medium to highemdial land and
the rest of the land is mainly arid or seant i d . 0

Water Act 2002 was repealed but still appears in th

environmental sustainability equity,
transparency and good governan
participatory process, professionalig
and fairness under (Section 30).

The Irrigation Act 2015 provide

tailor-made trainings for community
based smalécale &rmers anoc
sustainable environmenti

management (Clause 10).

The core principles of the Dra
National Land Use Policy 2016 cover
whole spectrum of perspectives such
food security (human physical need
the rule of law (resource politics ar
transpaency), access to land ai
equity (economic needs of peopl¢
public participation (social and cultur;
inclusivity), ecological sustainability il
land use and management (ecosys]
approach and integrity).

The Agriculture, Fisheries and Foc
Authority Act 2013, establishes the Foc
Authority in Section 3, whose functions &
Il isted under Secti
the production, processing, marketing,
grading, storage, collection, transportatio
and warehousing of agricultural and
aquatic product 0.

industrial production methods, po
environmental managemgrpoor cultural
practices, inappropriate ecosystq
protection and management g
commonplace and require appropri
policy t dand oRedaenatior|
Draft Policy 2013 points to the concern
|l and fragmentati on
in food product n é 6 ( Sect i
Draft Nation Irrigation Policy 2015 aim|
at ensuring that every Kenyan enjoys
const i trightito me lfree from
hunger and to have adequate food
acceptable quality
Article 43(c)).

In assessment afonflicting mandates ir
exercising authority on regulatin
irrigation development, Section 3.4 Clay
106 recommends policy change to
devolve fAservice (¢
Irrigation Development Service (NIDS
and County governments, leaving t
ministry responsible for irrigation to cari
out policy review, regulation, oversigh
overall planning, guidance and capad
building among oth
The NIDS is established under Section
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Irrigation ACT 2015

WRMA still appear in the Draft Natior
Irrigation Policy 2015.

6(1) of the Irrigation ACT 2015 Chapter
347 Laws of Kenya.

Water

Water
(surface &
underground
resources)

The Water Bill 2014 emphasizes on devolved

institutions to manage water resources at local leve
For example, Article 146 provides for a transition

from the authority, rules and regulations in the

previousWater ACT 2002 to the new institutional
framework in harmony with National and County

governments structures.

Perspectives enshrined in the GRDM
policy 2016 are states in the executiy
summary as fApol it
socialcultural, economic, and
eological (environmental)

i mper ativeséo.

Fourteen issuerelating to groundwater
resources are identified under the
Executive summary of the GRDM 2016
National draft Policy, and policy
objectives are displayed beside each isq
The government aims at a tedfective
way of addressing groundwater quality,
which fAcan be affe
remediation is ver
1.4.2).

Water is strongly interrelated to irrigation
and hydeelectricity strategic plans.
Human impacts on water affect its tjtya
and the Water Bill 2014 provides penalti
associated thereof in Clauses 145,

It is revealed that despite the revocation
WRMA that was established in the Wate
ACT 2002, conflicting mandates in
exercising authority to manage water
resources 8t exist. For example, in the
Fourth Schedule Article 1 & 2 of the
Water Bill 2014, requires a permit from
the Water Resources Authority (WRA),
instead of the County government in
charge of resources County resources.
Interrelationships between forest astter
natural resources are recognized. For
example, protection of critical catchmen
for water also appear in the Forest ACT
2015 and in the Environment Managem
and Coordination (Amendment) ACT
2015.

Energy

Forest

Section 2.5.1 points to the caibiution of forests to

-Conspicuously presented in Forest

The identified issue in th€orest policy
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peopl ebs ener gipvee mam dos
Kenyans rely on wood biomass for their energy
requirements f.

Integrative thinking reckons the interlinkages betwe
forests and other resources. Section 3.3 b) states t
fi aintegratedeosystem approac
adopted [¢é] for the ben
Kenya. 0

In the Forest Act 2005, Kenya Forest Service (KFS
was created under Section 4, community participati
in forest management is anchored in Section 46.
Communities (via a®ciations) around forests have
thus a right to be at the center of key management
decisions.

policy 2014 Sections 4.3/5.1/6.1
(Socioeconomics and property rights]
4.4 (environmental processes e.g.
carbon sequestratipmicroclimates of
cities), 7.2 (political/governance via
jointly institutional arrangements by
the County and National government
-However, although community
participation in the management of
forests is provided for, the visibility of
culture and indienous knowledge in
protecting community and public
forests is low and scantly mentioned
Article 51(1) b & c of the Forest Act
2015.

Article 39(3) provides for the County
g o v e r n nestablish andmaitairn
a recreational park in every market
centrewt hin its are
The concern is that, neither had the

l and been all ocat
for recreation facilities/ parks.

2014i s t hat péricolaehs t s
agriculture, fisheries, livests, energy,
wildlife, water, tourism, trade and indust
that contributes between 33% to 39 % o
the country's GDPO
Section 1.2.2 reveals that land stakeholg
conflicts that affected forest status in the
country.

Article 2 of the Forest &t 2015 defines
forest as fimeans a
0.5 hectares, with a tree canopy cover o
more than 10%, which is not primarily
under agricultural or other specific nron
forest | and us-scal®
farmers who want to partner with
governmentjthey cannot get technical
support and funding as described in
Article 35 of the Forest ACT 2015.
Section 4.5 of the Forest Policy 2014
reveal the relationship between forests 3
agricultural productivity.

Section 39 (2) sets a minimum of 5%
green space of the total housing
(settlement) development area. One
concern would be th@% can be
consideredtoosmall i f c omp 4
percentage of green space area elsewh
in the worl dés hun
cities. For example, majority of the citieg
in Europe have an averagel®.9% green
spaces (Fuller & Gaston 2069)

It is established that low valuation of
forest products makes the sector to havg
poor economic performance and low
growth (Section 2.4). Therefore, no
incentives to private investors venture
in the sector, which derails achievement

57 http://rsbl.royalsocietypublishing.org/content/roybiolett/5/3/352.full. pdf
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the goal fpartnershipspando
collaboration with the state and netate

actors to enable the sector contribute in
meeting the countr
all eviationod (Sect
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6. Main discussions and conclusions

In the introduction of this thesigcosystem servicésapproach was presented as a concept
and a tool to address loss of biodiversitggradation of ecosysteraad the ultimate decline

of human wellbeing.Focus was directed to tharbanization and peri-urbanization
processe<Critical issueswere then identified concerning the urbanization phenomenon, and
the way peri-urban ecosystemsare emerging asnteresting areas of socieecological
studies That is, theresource production and utilization systemby urban societies of the
Iron Age in Africa was compared to the resource production and utilization system of the
contemporary urban societies The shift from therbn Age to the contemporary system of
resource production and utilizatioled to emergence ofperiurban areas with spatial
characteristics that become part of the emerging congeloeconomic challengesand
ecological concernsn theurban areas Afterwards, the reader was guided through literature
to understand and synthesizekey concepts, methods, tools and frameworks that provide
guidelines for applying t inestigatmgpandaddiessmg s er v i
the emergingcomplex socieecologcal systemsin perturban areas. In the end, the
objectives and questions of the thesis were presented. Each objective and its respective
guestions comprised one of the four chapters shateededhe thesisintroduction The
chapters haveontributed to the assessmenof different ecosystem serviceg periurban
areas of varyinglata quantity andquality. Therefore, the conclusions presented here follow

the order of the chapters two, three, four and five respectively.

6.1 Chapter 2: A review of studies orecosystem services in Africa

Africa is making progress in ecosystem servi
regulating, supporting and cultural ecosystem services. Just like in the preWidas

revi ews of ecosys hevaarasekeal 2010¢c Segpélt etsat 2041 | Maginet Vi
Harms and Balvanera 201®lalinga et al. 2015, Englund et al. 2Q1the number of studies

in ecosystem services in Africa under each of the four categories differ. One conspicuous
similarity between thdindings of this chapter and the previous reviews is the low nuotber

studies investigatingcultural ecosystem services. On the other hand, one interesting

189



[Mapping Ecosystem Services] [Resource Management] [Humabaiel] By: Peter W. Wangai

differenceis that unlike in the named previous reviemigere studies akegulatingecosystem
servcesdominate studies ofprovisioningecosystem services ad®minatingin Africa. In

this scenario, it isarguedthat in a continent where governments struggleruavide basic
humanneeds such as food, clean wated energyresearch and policy aligely to focus on
more pressing andritical humanneeds, which unsurprisingly belong to the category of
provisioning ecosystem servicess a guide to the main discussions and conclusions of this
chapter, Table 4 presents the objective and questions raiged introduction specifically
for the chapter.

Table 4: Recap of the objeste and questions of chapter two

Objective Questions

To assess the extent to which studies| Are ec osy st em stusliesr vomageogsly
ecosystem services are conducted in Afric| distributed across local, regional and national sp

scales in Africa?

Are the numbers of studies referring to quantificat
and qualification, mapping and economic valuat

of ecosystem servicés Africa similar?

Which are the methods @tools applied in the stud

of ecosystem services in Africa?

Africa is a vast continentomprising of fiftyfour sovereign countries. From south to north,
the continent has heterogeneous climatic zones and landscapes, different natural resources
and lam cover types, and varying social, culturgbolitical and governance systems.
Observably, the study afcosystem servicdzeganin the year 2005, and after one decade
(200520014) the distribution of the studies differed significantly in the contineat.
example, SouttAfrica has the highest number of studies, and the number declines as one
moves from the south to the north of the continent. Although the studies of ecosystem
services are heterogeneously distributed, and portray a-sotthdeclining tend, there is an
overall increase in the number of studies in the continent since 2800%ss the continent,

the number of studies at thecal scaleis the lowest and comprisesly 19% of the total
studies Therefore, ihoughthe importance anémphass on local spatial scale etosystem
serviceresearch and actismare emerging strongly iditerature {ihervaara et al. 2010

Perrings et al. 201 B5eppelt et al. 20)1the gap remain unresolved in the contin&ntther,
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the chapter associates the ercepresentation of ecosystem services value in Africa to the
assessments based mainly on monetary metlholss hough t he o6t agging of
via monetary methods has been criticize elsewhere (Spangenberg & SetteleC2G18)za
(1997), de Grmt (2010) and the TEEB(2010) inter alia have reported the meritsf
monetary valuation of ecosystem services. However, the context and characteristics of a
study area should determine the extent to which monetary valuation methods are applied. For
exampe, there isrecognition that many communities in Africa continue to trade wealth (i.e. a
product of direct conversion of natural capital from locally available ecosystem seimices)
nonmonetary currency, thus calling for an appropriatebiased complenmearity between
monetary and nonmonetary methods of valuating ecosystem services in the continent.
Besides, dr the fact that ecosystem service research is multidisciplindhnerivaara et al.

2010 interdisciplinary (Baldwin et al. 2016), the dominatioh multiple methodology

approaches never came as a surprise.

After analyzing the conceptual, theoretical and methodological aspects of ecosystem service
research alongside the biophysical, geographical, social, economic, demographic and
politico-historicd characteristics of Africa, the chapter proposes the folloviwag broad
recommendations. First, an initial step would be to create awareness among resource planners
and managers, policymakers, research institutions and the citizenry (service consamers) o
the merits of ecosystem service approach in addressing complexesotogical challenges.
Second, the realized social, political and intellectual impetus can ultimately support the
building of capacity (financial and technical) of institutions aexpets working on
ecosystem serviceesearch.Therefore,in order to adopt, enhance and sustaimobust
momentum ofresearch on ecosystem services in Afrite, chapter issued sevesgecific
recommendationssome of which are presented in Box 2, domestitén the case study and

addressed in chapter three, four, and.five
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Box 2: Some specific recommendations for the adoption and sustenance of ecosystem services

approach in biodiversity protection and natural resources management in Africa.

a) In order to achieve a holistic understanding of results and potential applications, ecosystem
studies in Africa need to assign equal attention to ecosystem sequenatification and qualification
ecosystem services mapparyd economic valuation ecosystem services.

b) Ecosystem services assessmentggibnal and local scaleare urgently needed to directly contriby
to policy making at local levels

c) There is an urgent need fédrican scientiststo contribute toecosystem services assessment
researchin order to couple expertise with logrm environmental and soe&zonomic experience
thereby offering responsive solutions.

d) As Africa has aich diversity of cultural and social capiteh list ofindicators and proxies for culturg
ecosy®m services is required order to raise their relevance and enhasquaication potentials for
future cases studies

€) More precise assessment adethand)poeptal sgpplyahd actwalal
(flow), is vital due to the heterogeity of ecosystem services distributions across Africa. This cou
useful in assessing tratffs, synergies and SPEBA relationships throughout the continent.

6.2 Chapter 3: Quantifying and mapping Land Use Changes and regulating

Ecosystem Service Potdials in a data-scarce Region in Kenya

Chapter 2 recap: Given the small number of studies on ecosystem services research in Africa, effg
further assessments and mapping of ecosystem services are proposed. The chapter recommends
ecosptem services research at regional and local spatial scale for purposes of ensuring relevance of

the local people and to precisely contribute to the natural resource policy in the study areas.

In response to the questions of the chaeeTable 5), it is observed that land use and land
cover changes within various classes occurredumiformly in the area between 1990 and
2010. The changes are either incremental (e.g. for settlements) or detrimental (e.g. for
grasslands) to the size of sffeed land use and land cover classes. For example, the
declining size of grasslands in the study area corresponds to the general decline of grasslands
in Africa as reported bthe FAOSTATS, albeit at a higher rate of decline in the study area
than the eported national rate. Further, the chapter present a general obsdahattitere is

a strong relationship betwedsnd use and land cover classes and the regulating ecosystem

service potentias, and that theecosystem servicematrix approach is apprapte in

58 http://www.fao.org/ag/agp/agpc/doc/grass_stats/estes.htm#link(12.05.2017)
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establishing theseelationships. It has been notédt changes itand use and land covare

highly likely to cause a drift inthe potentiat of an area to provide regulatirgcosystem

servicesA recap of the objective and the four questiohthe chapter is presented in Table 5

below.

Table 5: Objective andesearch questions of chapter three

Objective

Questions

To investigate the siatemporal

changes of land use and lacmerHow could interviews with local people be used to obtain potential

and the influence on regulating

ecosystem
the periurban area.

'To what extent have the LULC changed over time?

of various LULC classes to provide regulating ES?

samv

How do the LULC changes influence the potential & #nea to provig
regulating ES?

Can the matrix method of mapping regulating ES potentials reliably
in datascarce area?

From the chapter, interesting land use and land cover dynamics involving settlements,
croplands and grasslands are idestifiAccording td 6 Ma r a gra8s@rdd dccupy 37%

of t he

nhabitable terrestrial earthodés surfa

areadecreased from 46.6% in 1990 to 20.2% in 2010. Although intensive and extensive

agriculture have ke n

associated with the disappearanc

2012) and nationally (Egoh et al. 2011, Ridding et al. 2015), cropland size in the study area

remained almost constant for the tweggar period. Instead, settlements are noted to highly

encroach on the grasslands in the study area. This observation calls for attention to the role of

urbanizationin the diminishing size of grasslands adjacent to urban aneugeem areas

locally, nationally and globally. For example, since land is ae€fimgsource, theapid

increase in settlemenbetween 1990 and 2010 occurred at the expense of other types of land

use and land cover classes in the area, which are crucial for the provisiegutHting

ecosystem servicesn literature, the level ofirbanization and expansion o$ettlements,

which are key drivers of land use and land cover change, in an area are mainly defined by the
human population densitieflLi et al. 2016 ) . Li et al 6s (2016)

characteristic of the case study tbe thesis because the population of the Nairobi urban area
increased from 140,000 in 1950 to 3.9 million in 20BBgire et al. 2017)and the results

show that settlements have also overwhelmingly increased in the area. The finding concurs

with the revebed role of urbanization in sealing land for buildings and physical infrastructure
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development in metropolitan areas (Zhu et al. 2017). However, settlements for example,
could increase with @&tagnatingor declining population growtHFerreira and Condessa
2012). Similarly, it can be inferred that arcreasing population growtin an area, could

also result into a correspondistagnatingor declining spatial area of settlementsom the

three latter statements, there are three possible scenarios inraadX3table comprising of
population as a driver of change in three colunpmpqlation increasepopulation constant
population decreagein the xaxis and three possible outcomes associated with settlements
(settlements increassettlements constgrdettlement decreageAddressing thipopulation
settlements matrils complex and it was outside the scope of the chapter. However, the thesis
introduces one approach and line of thought. First, the approach and line of thought is based
on themotivatiors that attract people in tharban and perurban areas(pull-factors) éee
Nguyen et al. 2013 and Table 6, column 1 and 2) on one hand. On the other harterthe

to which each type of the motivatiors likely to increasethe spatial area of settlensris
presented as arobability based on the survey responses for eachfactbr (Table 6,
column 5) (see Appendikfor further descriptions).

Table 6: Probability of occurrence and impact of piattors on settlements in the study petian

area (=113).
Pull Description Response: Percentage Probability Impact
Factors (%) (0-10) (0-10)
(PF)
PF1 Business 102 90,27 9 8
PE2 Employment 102 90,27 9 6
PF3 Urban farming 40 35,4 3,5 3
PF4 Recreation & tourism 46 40,71 4,1 1
PF5 Education 80 70,8 7,1 3
PF6 Sociephysical security 55 48,67 4,9 4
PE7 Health services 63 55,75 5,6 3
PF8 Information Technology 69 61,06 6,1 4

Secondly, the probability ofmpact of the human mobilityto result into permanent or
temporary stay irthe urban and periurban areaswas assigned to each of the phalctors

(column 6, Table 6)seeSupplementaryl for explanations). The two values for each pull

factor (probability of occurrence and probability of impaare used to compile Figure 6

Although somec | as si c al mo d e | smi gu @iRavansteint1836 & H8BH, ws o f

Or uwrrablan wage gapb6 (Haranidsothheand@NeTw dEBaa @n olndi 7c

194



[Mapping Ecosystem Services] [Resource Management] [Humabaiel] By: Peter W. Wangai

Mi grationd (NELM) ( St ar)lexpldirt Shle, t Shtedorpgoplé f B lfio o
migrated, the focus has been on wage deficits and monetary considerations. However, the
indiscriminative pulifactor approach used in the chapter also incorporates motivations based

on comparative neamonetary advantages such as physical security, which is publicagood

a responsibility of the government.

2 ® PF2
I
® PFS
z e
= E ® PF7 )
8 2
S E ® PF6
° * PF4
o. ® PF3
=
S
Low Medium High
Impact

Figure 6: Comparative potentials of different pdidictors to convert other land use and land cover
classes to settlements based on the probability and likelihood impact.

As a first step, it is possible to digguish pultfactors with varying probability of occurrence

and impact that have a combined potential to increase the size of settlements in urban and
periturban areas. For example, although a higher number of people move to urban area for
such of qualityeducation(PF5) as compared to those moving $mcciophysical security

(PF6) reasons, the impact eflucationon settlements is lower compared to thasotic

physical securityOne reason for difference could be because education can be temporary or
pemanent depending on where people find jobs after completing their study, and that
students are accommodated to the already established school physical infrastructure (classes,
dormitories, officesnter alia). On the other hand, people seekingdociophysical security

are likely to move permanently, with a probable ldegn goal of building new houses as
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homes, business premiseser alia. Therefore, the chapter has initiated a further intellectual
debate of interrogating distinctive pdidictors, as avay of guiding planners and decision
makers in identifying priorities and attention to be given to each of the existintaptars.

Since anthropogenic actions &ey drivers ofthe land use and land cova@range especially

in the increasingly urbargd society, human beings need to be activielolved (as
stakeholders) in reflecting spatiemporal trendsand changes in the landscapes and
ecosystems, and in finding sustainable development and urbanization Ppaighsactive
stakeholderparticipationis embedded within thecosystem servicematrix approach itself

and is a strength and an opportunity todmimized Concisely, the chapter has led into
answering ontological questions concerning the real spatiporal changes in land use and
land cove and how the changes enhance or diminish the potentials of the study area in
providing regulating ecosystem services. The biophysical approach used in the chapter in
guantifying and mapping land use and land cover changes on a-tepapioral scale is
recmmmended by Weng (2007) becaugernal variabilities are factored in, hence improving
accuracy of results. In the conclusion, probable uncertainties on biophysical data and the
ecosystem services matrix are provides, with an aim of guiding future fesetacded to

apply the provided methodology.

6.3 Chapter 4: Contributing to the cultural ecosystem services and human wellbeing

debate: a case study application on indicators and linkages

Chapter 3 recap; Following the discussions and conclusions in chafiteee, a set of ontological questio
about the changes of the biophysical environment and regulating ecosystem services in the study area
answered. Besides, attempts were made to offer explanations pertaining the identified changes. Che
chapter offered valuable information to the local people, deeisimkers and planners on how to address sd
ecol ogical syst ems 6 -orbanédrdaefmapié Wophysealapdkusea aad land/covierna
sociodemographic changes

In chapter 4, the thesis displays a set of questions (see Table 7). On the one hand, the
guestions focus on thaxiological understanding-theory of value based on subjective
judgement of the contribution of cultural ecosystem services to human wegillbed on the

other hand, the questions focus on pnaxeologicalunderstandingtheory of how enhanced
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wellbeing could lead to actions aimed at improving natural resource management in the study

area.

Table 7: Focus objective and questions of chajberr.

How cancultural ecosystem servidedicators be identified?

To explore opportunities for log — — -
people in selecting indicators yHow cancultural ecogstem servicendicators be qualified using soc

are relevant to establish linka(cultural and psychological sciences?

between cultural  ecosyst{How arecultural ecosystem serviegnd human wellbeing interconnecte
services and human wellbeing. What do the interconnections communicate to the local people, de
makers an@cosystenserviceresearch community?

In order to respond to the above questions articulately, the chapter aspidestity and
prioritize indicatorsof cultural ecosystem serviceand human wellbeinghat are relevant to

the local people in the area. Firgtetchapter identifies the indicators by building a database

of cultural ecosystem services and human wellbeing and shown in the chapkerland
Supplementary?2 respectively. Second, the database is presented to the local people and
experts for priorization. The qualitative process of identifying and prioritizing cultural
ecosystem services and their benefits to human wellbeing is suppgr@tan et al. (2012).

One reason is that by engaging the local peopletrémsparencyand @mprehensibilityof
selected indicators is boosted. Although a participatory process with stakeholders in
identifying indicators of ecosystem services has been proposed (Potschin et al. 2016), the
thesis has used this chapter to demonstrate the proposition in practiceerAsadtbnt but

often overlooked constituent of human wellbeing covered in the chapter isedumm of
choices and action@VA 2005), which is anchored within the normative process. Therefore,
freedom of choices and actioissan overarching constituenf buman wellbeing reflected

not only in other dimensions of wellbeing, but also in priorities, values and preferences
assigned to different cultural ecosystem services by the local people. It is noteworthy that
cultural ecosystem services derive freoosgtem structures and functi@md actualized via

t he O6ecosyst em s eYoung & Rotsahia20T08 wheréas flukhaniwellbeing

are extensively and intensively discussed in social and human sciences (Neugarten et al.
1961, Biedenweg et al. 2014)e8ide, human inputs through reverence and special values
assigned to certain parts of an ecosystem and/ or landscape such as forests, rivers and springs

play a crucialrole of developing a perspective of both natural ecosystems and human
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wellbeing and life satisfaction. Thereforeidentifying and analyzing linkagesbetween
cultural ecosystem servicasid human wellbeingeven after identifying priority indicators

rely much on theecosystem servi ce -PrassucStatebnpact a nd
Response (D®IR) models (Nassl & Loffler 2015). In this thesis, it was noted that the
Responsecomponent of the DPSIR model has been previously superficially addressed.
However, recent work by Spangenberg et al. (2015) elaboraté&tegponseomponent into
prevention mitigation, restoration and adaptation measures. Reflecting on the case study,
Karura foresta public forestwas grabbed, encroached (illegally and irregularly allocated to
private persons and companies) and deforested in 1997 beyond the will ofcéhe lo
community and citizens (TJRC 2013). Nevertheless, in 2002 the grabbed part of the forest
was reverted to &6épublic st at ugedporsgOwingste o f
the fact that an approximated 60% of all ecosystems globally aredeeigi@ varying degree

(MA 2005), several sociecological projects are focused omtigation, restoration and
adaptationefforts. Although Spangenberg et al. (2015) plaué&gation under preventive

policy, it can as well be viewed to belong to theative policy actionsbecausanitigation

also occur where pressures exceed safe threshold levels that lead to impacts on both
ecological and human systems. For this reason, and for purposes of capturing management
actions after restoration or reforestation lodé tKarura forest, the chapter preferred the term
sustainability policy actionsThe term refer to collective societal actions undertaken jointly

by the Friends of Karura Forest (FKF) and the Kenya Forest Service KFS. Unlike the
preventive and curative policies, sustainability policy actions rely heavily on timely
monitoring to ensure ecological stability of the forest ecosystem and flow of cultural
ecosystem services (CES) to people. Although MA (2003) recognizes that drivers ef socio
ecological changes ginate from both natural and anthropogenic sources, anthropogenic
sources have been frequently used in literature to demonstrate the relationship between the
components of the DPSIR model. In this chapter, a conceptual model was developed to
illustrate the re-alignment of the DPSIR components whenever pressures originated
simultaneously from both natural and anthropogenic source, that is, from the right and left
side of the bdbecosystem service cascadebod.
points; frst, the confirmed benefits to human wellbeing is a boost to ecosystem service
research because the confirmation rationalizes the approach and substantiates the claim of a

wide spectrum of benefits from ecosystems to humaesGdémezBaggethun & de Groot
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2010) Second, an improved human wellbeing can result into an active civil society that
informs environmental policy and decisiomaking. Third, the tripartite framework of CES
human wellbeingDPSIR opens more possibilities and opportunities from whidsystem

services research and environmental policy could reinforce one another.

6.4 Chapter 5: Assessment of provisioning ecosystem services and policy guidelines
in a peri-urban landscape of NairobiKiambu transection

Chapter 4 recap: The chapter speciallfocused on how indicators of cultural ecosystem services cg
identified and prioritized to meet the research needs of the local people, and policy and-dedisin The
outcomes of the chapter are in form of increased axiological understanding obhownetary and intangibl
benefits to human wellbeing accrue from the biophysical and cultural environment on the one hand

boosting praxeological understanding of how boosting human wellbeing could lead to viable acti

contribution toward th betterment of the biophysical and cultural environment on the other hand.

Chapter 5 extends the concept of indicator identification and prioritization to investigate
provisioning ecosystem services in the study area. Since demographic andcencot
dynamics are part of the primary focus in the urban andupleanization debate in Africa
(Potts 2009), thewre presented in this chapter alongside the ecosystem service potential of
food, water and biomass energy on the one side and their demanre atheh side. Table 8

refers to the focus objective and questions of the chapter.

Table 8: Focus objective and questions of chapter five.

'Which are the demographic details of the people in the study area?

To examine the relationshiHow does the biophysical potential for provisioning ecosystem s
between provisioning  ecosysthange over time?

service potential, demand and —— — —
natural resource pay in the peﬁwmc: is the revealed demand for the provisioning ecosysteriteénthg
urban landscape. area:

\Which are the strengths and weaknesses of the existing natural

policy?

Although the area show a population increase from 192016 (Bosire et al. 2017), the-in
mobility ratio of urban to rural origins is 1:2 for the studga That is, about 33% of new
immigrants to the study area within a sixte@ar period (1992014) originated from other

urban areas and centres. To some extent, this observation reveals that a population increase in
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a periurban and/ or urban area at#b scale does not necessarily originate from the rural
areas as generally portrayed or emphasized by literature orurbead migration (De Brauw

et al. 2014). Secondly, since the average unemployment rate in the area is higher than the
Ke ny a 0 s averade,itre intrmation on the high chances of employment in the urban
and periurban areas should be conveyed sensitively and onbyasase basis. Concerning

the discrepancies in poverty rate reportingflin and Satterthwaite (2013) criticize the
methods (and probably indicators) used in assessing urban poverty. For example, composite
indicators of measuring poverty are highly aggregated and oversimplified, leading to lose of
important information of the originahdicators (Diener and Suh 199{Beechapter 4 for
elaborated discussion). Poverty in urban and-pdyan areas are partly caused by the
inaccessibility and unaffordability of basic needs such as food, water and energy, which
belong to the category of ecosystem services. On the otherdsatity settlements consume
forestland, grasslands and wetlands, the effort to access and transport the materials to the
urban and penirban area increases. Consequently, the scarcity of water, wood and biomass
fuel increased because of the huge budgatisdan their supply and demand. This in turn
increases the cost of energy and raw material inputs for the manufacturing companies that
lead tocostcutting measuresincluding retrenchment of employees, hence exacerbating the
unemploymensituation in the than and perurban areas. In order to prevent this chain of
downspiraling events, mapping ecosystem service potentials between 1990 and 2010
provides opportunities to take proactive policy interventidfa. example, although the
results showed that bitass energy was theost importansource of energin the area, the
potential of the area biomass energy within the twgebr period decreased and hence
increasing its demand. One advantage of this assessment is that the relationship between
ecosystem eyvice potential and demandin the periurban area is mainly direct and with
minimal intermediate actors (Burkhard et al. 20 Bgsides the ecosystem service potential

and demand, assessment of negative externalities associated with the manner @f utilizin

wood and biomass materials was conducsegKigure 7.
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Benefit | (iii)
(Ecosystem/
Humans)

Overall benefit
{curve A)

Benefit (use of
wood/ biomass
material for energy)

(iv) {curve B)

(i) |

- Wood/ biomass
quantity
&
indoor air quality
(curve C)

(i)

=

Optimal (E) Environmental impact/degradation
(social optimal (declining wood/ biomass
benefit) & indoor air pollution)

Figure 7. Benefits (meeting energy demand) and environmental impacts (declining wood and
biomass resource and poor human health) associated with the utilization of wood and biomass
resources. Rots (i) = zero benefits to humans, (i) = zero environmental degradation or high
environmental quality, (iii) = optimal social benefit with zero or minimal negative externalities, (iv) =
maximum private benefits for logging companies and winedl users,(v) = highest environmental
degradation. Curves A = overall marginal benefit from wood energy utilization to the entire society, B

= increasing private benefits with no consideration to negative externalities to the society, and C =
declining environmentatjuality with continuous wood and biomass extraction through curve B.
Figuread apt ed and modi fied after Ayres & Kneese 196
Jochen Kantelhar@t lecture code WZ4182 year 26@809 at the Technical University of kioh™.

Despite that wood and biomass catered for about 60% of the energy demand for cooking and
heating in the area, the number of reported cases of upper respiratory infections (URI) have
been generally increasing between 2010 and 2015. Figure 6 shatwa Hituations where

ecosystem services are improperly utilized, they can result into other unintended

69 hitps://forschung.boku.ac.at/fiskshen.person_uebersicht?sprache_in=en&menue _id in=101&id in=5802
0 hitps://www.forst.wzw.tum.de/en/stuglyograms/sustainabl@sourcemanagemenmaster/
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environmental burdens. Sinéec u r \visethe Auinmation o6 c ur vaed6 B G r ytee CO
wider the gap betweeih ¢ u r arnel6 BwWr afeer the équilibum point (iii), the higher the
externality and hence the lower the overall societal benefit from the utilization of an
ecosystem service. For example, unsustainable harvest of wood and biomass materials can
cause depletion of the resource stock, and that poor ventilated houses and indoor
accumulation of wood smoke can lead to additional medical expenditure due to rising cases

of respiratory diseases. In order to optimize societal benefits from ecosystem services,
policymakers had a task to address tlegative externalitiemand optimize thepositive
externalities. In this assignment, identifying possible tremfés and synergies in policy
guidelines for wood and biomass, food and water services, for example, became crucial in the
chapter. Wangai et al2016, p. 235) advise that to address tradeoffs and to optimize
synergies, all stakeholder interests must be incorporated in demisking byifanal yzi ng
relationship pathways of di fferent stakehol
coverage b stakeholder interests is best reflected within the existing policy framework,
investigation results on the existing policy framework on food, energy and indteated

that the ecological principles, stakeholder participation, sociocultural, economic, a
diversity of political voices and intexgency inclusivity resonate in all policies (though at
differing intensities). However, majority of people in the area focused more on resource
guantity than its quality and safety for use, in disregard of the &gl constitutional rights

to access of high quality and safe services.
of provisioning ecosystem service potentials and demand as urgent. It also directs that, as
resource planners and managers strivertgure provision of ecosystem services, a systems
approach should be adopted to identify possible negative externalities emanating from the

service utilization, which could affect other constituents of wellbeing such as health.

6.5A T a-koene messagefrom chapter two, three, four and five

Urbanization and petirbanization process will continue globally, in Africa and in the study
area. Since the rate of urbanization in the study area and in the African continent is above
3%, it is expected to pose a thage in the urban planning and in the provision of ecosystem
services to the urban residents. A continuous monitoring of urban andrpan ecosystems

through mapping and assessment of ecosystem services is thus needed to ensurélate up
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data andinformation on the ecosystem services. Since urbanization andirpanization
processes are inevitable, majority of future human populations (also for developing nations)
will live in urban areas. Consequently, there is expected shift from the curceist dowhy
people movéom rural to urban areaso why people move from one urban area to another
Therefore, the most attractive urban areas shall be those capahlstahablyproviding
people with the above presentecbsystem serviceboosting alitypes ofhuman wellbeing
guaranteeing migrargoughtsocial, economicand environmentalsecurity, and find anew

platformwhere aradaptive socieecological systermanoperateon.
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7.1 Supplementary material 1: Qualitative responses of interviewees on the various motivations at the destination (pull factaa)dbdt
them to settle in the study area, hence additional settlements are likely to occur.

Table 1: A list of pull factors and the responses that selected it, and additional remarks from the interviewees

Employment 90.27 Respondents were very categorical that there were more@wmght opportunities in urban and parban than in
the rural areas. In addition, to balance between convenience and cost, they decided to settidbamparea with
relative low overall cost of living compared to urban areas. Some respondents ddbattdiaey are the secon
generation since their forgarents relocated in to the areas in the early 1940s in order to work in the coffee
that were owned by the British colonial administration. Since then, and especially after independence
employment became diversified in the manufacturing and processing industry, government offices, an
private service sector near or around the central business centre of Nairobi.

Cleanliness 26 23.01 Respondents referred to the physical appeardrbe @area. Regular garbage collection, regular tarmac road r
or at least allveather roads, drainage and sewerage system maintenance signified the 'cleanliness' ef
urban areas.

Transport system 28 24.78 Respondents reported good road nekimy and accessibility. Respondents noted that even after the collag
the railway sector in most parts of the country, the area is still serviced by the cargo and passenger trains.

Business 102 90.27 Respondents argued that businesses in the urbas heese a higher probability of success. Although
probability was not quantified, one respondent was quoted as saying, "l operated this business for two ye
rural trading centre without much growth, but one year after | relocated the busitiEssarea, | realized doubl
the profits | made in rural neighbourhood".

Social amenities 55 48.67 Most respondents who mentioned this pull factor associated it with near homogenous distribution of :
hospitals and special needs institutions sagkhildren homes for destitute/ orphans, as well as care centres |
aged people. Availability of social amenities was associated with social security where majority of ins
companies that insure health, assets and liabilities were centralizechiear perurban areas.
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55.75

33.63

40.71

70.80

13.27

61.06

In response to better health services, respondents noted that despite the devolution of health services to th
county authorities, health equipment and facilities were still well distribotaedban than in rural hospitals. Son
respondents also quoted medical statistics that majority of qualified medical doctors and hegitvecangere
concentrated in cities and around city peripheries.

Respondents maintaindtat the cost of public transport tand from perurban areas is relatively cheap in Keny
shilling (Ksh) per kilometre. Some residents gave an example that the transport fare for an adult from
Nairobi city centre (approximately 24 km) was K8B. Comparatively, from Kasarani to Nairobi city cen
(approximately 14 km) it was Ksh 50. When one also compares house rent of the two residential areas, a
resident pays approximately double the price paid in Ruiru for the same size of house.

Respondents argued that perban areas offer a 'lively life'. Entertainment, recreation activities, cultural centre
and theatre activities provide exceptional benefits to residents.

Quality education emergess a strong motivation to move to urban areas. This was reported by responder
were particularly looking for specialized training and international education systems and curricula. For exe
was noted that only in or near perban areas wheieertain foreign languages were taught, as well as availat
of full basicto-tertiary education curricula/ systems. Some respondents added that reliance on primary pre
in the rural land utilization was becoming untenable because of land fragimenand change in climati
conditions, and it was only quality education that seemed as the best investment for young people.

Most respondents that recorded this pull factor had moved from rural areas elsewhepetieutioan area. They
further explained that they used to travel daily from rural areas to work places in the urban centre. However
considering the travel cost and time spent on the daily travels, they decided to relocate teutthapetieas. &
has eventually saved them money and time resources that they invest elsewhere.

Access to information and technology is cheap and updated in urban areas. Some respondents recalled tl
mobile technology in the country in 1290when only people living in urban areas could utilize the "
technology'. Most respondents lamented the exploitation and high dearder information and technolog
services in the rural areas by unscrupulous business people. Respondents kegrthahowy technology oftel
benefit the urban residents first, and then spread to other areas later. It was the feeling that those pe
grasped the business opportunity offered by the new technology s8tM ga Jamii, MPesaetc, had made stroni
business empire. Some believed that living in urban anelpean areas would increase their chances of graspi
new technology and make economic success from it.
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Where pipe water connection works, water demand was met Wwitinath pressure. Due to the spatial extent of 1
area, more options for water connectivity exist and water rationing is minimal when compareddertsig city
residential estates.

Until year 2000, most of thgeriurban land remained idle without much settlements and development of any
nature. However, this land was mainly under ‘freehold title' ownership and most of the landowners resided i
rural or urban areas by then. 'Freehold title' means that thevVemers were not required to pay land rates to the
local municipalities, and that the owner had prerogative to set up any type of development venture such as
building residential houses, commercial houses etc. When the country's economy irfrpravgehr 2000 and
beyond, the demand for periban land rose and most of the owners secured bank loans to set up new invest
in their land such as agbusiness, hospitality services (hotels, restaurants, bars, leisure parks etc.)

A few respondents argued thatperr ban ar eas are 'peaceful ' . After
respondents elaborated that pafdan areas have little noise pollution compared to urban areas. Respondents
confident hat the open spaces, and the considerable distance from the city centre explained the area with r
low level of air and noise pollution, relatively high number of open green spaces and the overall aesthetic vi

The respondents explained this response from botpullveandpushfactor position. As a result of thpalll factors,
respondents who are referred to as elites and wealthy people by the other rural residents decided to reloca
of high standardsf living. This is because despite their economic capability to pay for electricity, sewerage
service, health services etc., these services never existed in the rural areas for a long time in the past (alt
scenario is gradually changing withetmassive rural electrification and establishment of other social amenitie:!
Therefore, these people were prompted by the necessity to relocate and live as per their economic status. |
the push factors, the rental costs of some residential @statecity became too high beyond the economic
capacity of some residents. These residents were everjuahgdy market forces from the costly residential
areas to affordable pewrban areas.

It was argued that althoughiminal acts were committed anywhere, there was more proactiveness and swift
response to reported crime in parban areas. In addition, high number of state police guarding important
installations and maintaining law and order, as well as high numipeivate security firms in petirban areas
increased the security personnel/citizen ratio. In addition, residents enjoyed what they referred to as "wind 1
effect'-meani ng t hat though the security pe yisdrectyechréds
away any organized gangs who would otherwise cause security harm to residents.
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Plot & land
ownership

20

17.70 Most respondents reported that their dream was to own land or land plot at some time in their life. The histc
Kenya is ¢&s0 clear that the main reason they revolted against the colonial rule was to get their land back fro
colonial government. Some respondents argued that due to population growth, land prices had increased.
land prices in the city became exorhiig expensive, some respondents decided to buy small pieces of land ir
perirurban areas, where they constructed their own private homes.

Table 2: Pullfactors and their likelihood to cau&® permanent(b) temporaryor (c) either of the twpresuting to additional settlements

(a) Likely to cause
permanentliving

Examples

Business

Characterized by physical relocation to a new secianomic environment with a plan to adjust, adapt and fit in the established system of
socal interaction, lifestyles, climatic and weather conditions. There is creation of new social networks, business pamvedfa;eagroups.
There is familiarization with relevant legal authorities as well as with the geographic terrain of the new, logtitia view to apply for certain
certifications as well as understanding the distribution natural resources and real estate property for possible fata® phrete are
arrangements for market research for foreseen investments. There are piangéoezonomic status; ‘framalkingto-work to driving-to-
work’, 6 fenteml mouséo own house"fromrented officdo own officg and ‘frommoneysavingtoi n v e s t Timeremate pléns for change

in social status; 'from single housecupant to muiple houseo c cupant s', 6from private medi cal
Argument Likelihood impact on settlements Likelihood
impact value

Most business follow the economic modal of production wharel, ~ Construction of own house and own office; constri 8
Labour& Capitalare mainmandatory requirements. Land means house to accommodate business staff/employees
spatial requirement. Businesses are mainly localized and only additional space for the business assets such-as «
succeed under close supervision. Business expansion, in most ci parking; additional recreation structures for the ste
entails spatial considerations (what size and where market for the members e.g. gym facilities

goods/ services are).
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Employment

Urban farming

Education

[Resource Management]

Employees are accommodated in already existing offices. The wh
c o | IMandaytp-B r i Jempldyees have limited time to invest
and monitor | oc ailonszcerda tbcuhséi nbeus:
higher risk of failing and hence attracting losses. Thus, nityajuf
people under formal employment decide to invest in stock markei
shares and security bonds instead of real estates. Such investme
are unlikely to attract spatial considerations

Buying and renting land is one way to expand-agsiness in the
perirurban area. The price of land decreases as one moves away
the urban centre. However, the cost of transpoféing products to
the urban market increases as one goes farther away from the cit
The farmer has to find the optimal distance away from the urban
centre that will give the best return of the investment. Alternativel
the farmer may practice intensivarining e.g. using greenhouses.
This requires higher capital than extensive farming. Therefore, mi
smaltscale urban farmers prefer extensive mode oflagginess,
which demands large spatial area, which is under crop cover.

The search for quality education causes population increase in ut
andpedfur ban areas. As it was no
education remains strong investment for the future of yoeoglp.
The number of schools remain relatively the same for a long perit
time. This is because learners come and go, creating space for n
learners. The sizes of physical facilities remain relatively the sam
and what changes is the quality of theilities. Again, when the
learners graduate they are likely to add to the number of people
starting their fAempl oymento a
spatial area that may be additionally put under settlements is alre
mainly reflected in the exting physical infrastructure, and this
avoids double counting. However, from time to time schools may
up additional facilities which cause moderate spatial growth.
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Construction of own house; investing in spatial re:
estates; likelyo invest in the stock market (no
spatial dimension)

Land occupied by urban farngns likely to be
unavailable for settlement. Investment by pehan
farmers on buying or renting more land contribute
to multiple regulating ecosystem services. Althou¢
the farmer may construct seérmanent houses fo
farm-caretakers in the varioysscattered pieces of
land, on overall, additional settlements may be
insignificant or only part of the positive externality
(minimal addition of new settlements). Whenever
urban farming is not feasible, the opportunity cost:
such as businesses may thraral hence converting
the land into settlements.

Additional stream of classes, new laboratory, new
information and technology centres.

6
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Sociephysical The contribution of Aperesasiwaak. s Construction of living houses, pets and livestock 4
security This is because insurances for property, health and liabilities as r  sheds by the immigrants. Construction of new or

by respondents may as well work remotely. That is, one needed « expanding and equipping the existing security

to register with a insurance company and continue paying premiu coordinationcentres in an area.

from any part of the country. However, when this was combined \

Aphysical securityid, there wa
cannot be guaranteed remotely. The physical presence of securit
pesonnel and their operationst¢

physically present to control security situations, which are spatiall
expanded to cater for the growing population. It is for this reason
some residents confirmed that they sold their prgpesewhere and
relocated to the petirban area for fear of their lives and their
families. This was interpreted to mean that to settle the family in ¢
new place, there is laAgllying involved and later construction of
houses as per the ability of the nemtrant (big or small size of hous
determine the size of the new land converted to settlement).

(b) Likely to cause  Although urban areas attract large population of human beings, not all attractions are permanent. Temporary relocatiamtopatrban

temporary living areas may rage from a few days to maximum of one year. The relocation have specific agenda such as meetings, conferences, works
exchange programmes, tourism, recreations and visits. People normally bring with them all personal items they intarttiéccosed of the
short stay. In cases of business meetings, there is a theoretical economic gain from the exchange of ideas, whictedrefaetutile
individual returns to his/ her permanent place of residence. The people use public transportatiostitdtierdarea. They are accommodat
in existing hotel, motel and lodges. They eat from restaurants and have no plan to establish home gardens for growihig tvenuidaan
area. Their interactions with other people in the new location are intensiedoutThere is neither time to form social and welfare groups nc
investment companies. The familiarity with the people's culture and heritage is mainly for learning, basic interactiieg@ndent.
Familiarity with public and legal offices is m&jrfor receiving specialized health services and official legal/ travel consultations.

Examples Argument Likelihood impact on settlements Likelihood
impact value

Recreation and Periurban tourism creates demand for visitors' preferences such It is characterized by logistical requirements to 1

Tourism national parks, picnic grounds, arboretums, botanical gardens an ensure security, travel, accommodation and

forests. Tourists may lead to conservation of dams, river, lakes ai comfortable stay of visitors in the urban and peri
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other surface water reservoirs. This increases the aesthetic beau

the city too. This demand may motivate city auitiws to set
conservation policies that safeguard maintenance, enhancement
multiplicity of such tourists' attraction sites. Such policy help in
controlling the density of settlements and reduce the area under
permanent concrete cover. Even when iné&vitable to increase
settlements in the pedrban area, that increase per total area may
insignificant at the margin. This is because for every additional
square metre of settlements, policy may direct an equivalence of
openspaces and green spaces.
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urban areas. Tourism business is a service indust
with higher mobility than physical structures.
Carbon footpint is associated with the industry.
However, ecgourism in urban centres could
safeguard the fragile ecology and reduce emissiol
Tourism and recreation has a great impact on puk
utilities such as sewerage system, clean water suj
system and garbagellection. When the drinking
water is from the underground source, increased
water extraction does not have spatial implication:
However, if the city withdraws water from surface
sources such as rivers, dams and lakes, there is
likelihood for spatial inplications.
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(c) Likely to cause A combination description of both permanent and temporary living
either temporary

or permanent

living

Examples Argument Likelihood impact on settlements Likeli hood
impact value

Health services Health services could be viewed from two perspectives. First, it w Construction of clinics, chemists, pharmacies and 3

noted that due to the inadequacy of health services in rural areas dispensaries.
most people in need of specialized health care seek medical attel
in urban and eri-urban areas (although this scenario is gradually
changing due to the positive impact of the new County governme
on health). Whenever they do so, they only stay temporarily for tt
time they have medical appointment. Some respondents reportec
same rural residents came to stay temporarily with their relatives/
friends in the city for the few days they sought medical care, and
eventually return to their rural homes This means that on overall,
there is little impacts caused on settlements by thpl@apecifically
seeking medical attention. Second, due to the influx of people sel
in periturban areas, there was noted motivation for private medice
practitioners to establish private clinics, chemists, pharmacies an
dispensaries. This means titas from this latter phenomenal part o
fhealth serviceso that i mpact
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Information & Technology is acturally minimizing the spatial workiggace people Construction of additional communication signal 4
Technology require. Taking an example of one computer with a capacity to stt boosters, creation of digital villages amew

digital documents, which in spatial terms they require a big physic residential and social facilities for employees.

space to store the hardcopy documents. However, in developing

countries such as Kenya physical ICT hubsikkeges are quicky

spreading. These instations are permanent and create new jobs.

new installations and new employees require additional physical

settlements.
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7.2 Supplementary material 2 Selected fieldwork tools, descriptions and statistieallts used in chapter four of the thdsischapter 4
Table 1:Matrix linking indicéors of cultural ecosystem services to Constituents of \Weihg

Indicators of selected five (5) Cultural ecosystem services

o
£
8 @
= S
Q 2
" = 5 3
g c ) E =l
‘B % 0
>0 = c| 3 =)
2 3 o) 5 8 . 2| 5 2 3 g & & S
T| 9P = 0l g =l 2 B
c>ts 3 %) E o o 9 c % D) g O o
%) ol 5| E gl 5| © =l ol © ] a <
S T s o 5 S| o B gl L 2 3 @ 3}
. . o g 2 © a1 S Bl &l T 5| o 8 sl € =
Constituents of WeHbeing I ®2 & Zl S| =S = 8 £ 3l 3 = gl &5 &

Personal hapiness

Physical health

Indigenous/contemporary knowledge

Peace & harmony

Sense of belonging

Symbolic instrumental value

Psyschological nourishment

Social concretization

PXPXPX XXX XX Religious retreat & pilgrimage

XX XXX | XXX | X | andscape aesthetics
XA XR XX XXX Cultural heritage & identity

PR XXX XXX Cultural ceremonies
PXRX XXX XXX Recreation & tourism

Emotional support

Modified after MA 2005, Daniel et al. 2012, Tengberg et al. 2012
No relevant importance

Very low relevant importance
Low relevant importance
Medium relevant importance
Relevant importance

Very relevant importance

gl (W (N |- |O
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Table 2: Score description translated in Swabhili for theal people

Scale

Meaning (Kiswabhili)

Score

No relevant important

Haichangii/ haisaidii kamwekulete/ kunipa raha; afya ya mwili; ujuzi wa kiasili au wa kisasa, utulivu
kutambulika na jamii

0

Very low relevant
importance

Huchangi&kidogo sanaulete/ kunipa raha; afya ya mwili; ujuzi wa kiasili au wa kisasa, utulivu,
kutambulika na jamii

Low relevant importance

Huchangi&kidogokulete/ kunipa raha; afya ya mwili; ujuzi wa kiasili au wa kisasa, utulivu, kutambu
jamii

Medium relevant
importance

Huchangikiwango cha wastankulete/ kunipa raha; afya ya mwili; ujuzi wa kiasili au wa kisasa, utu
kutambulika na jamii

Relevant importance

Huchangiakulete/ kunipa raha; afya ya mwili; ujuzi wa kiasili au wa kisasa, utulivu, kutambulikenina

4

\Very relevant importance

Huchangiasanakulete/ kunipa raha; afya ya mwili; ujuzi wa kiasili au wa kisasa, utulivu, kutambulik
jamii

5
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Table 3: Definition of selected Constituents of Human wleing

No Constituents of Welbeing Meaning

1. Personal happiness Feeling of joy and satisfaction elicited by both natural and smeae environmen:
conditions such as weather, socioeconomic status, freedom and security (Dodge
2012).

2. Physical health Stable state of human plijology characterized by lack of pain, full of energy and vig
for undertaking both physical and mental activities (Alkire 2002).

3. Indigenous/contemporary knowledge Knowhow generated from the environment either imparted using traditional mean
modern methodologies (Semali & Kincheloe 2002).

4, Peace & harmony State of personal or interpersonal ability to manage conflicts for harmonious living

5. Sense of belonging A feeling of one having a stake in the society, fully appreciated by thetgoand
attached to the cultural landscape (Chan et al. 2012).

6. Symbolic instrumental value An object that has common and deep meaning shared by a people/ society and th
an appealing characteristic to people of a common belief or culture (Chah 2012,
Fox et al. 1981).

7. Psychological nourishment Means of enhancing mental health and stability for purposes oftsmiscendence
enhancing actualization of own aspirations (Ryff 1989).

8. Social concretization Strengthening societal tieand enabling social synergy in performance of duties
responsibilities (Keane 2003).

9. Emotional support Resilience and resistance against emotional breakdown emanating from materiz

non-material losses, misfortunes and natural calamities (Kuéh&umar 2007).
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Table 4: Ranking ofCultural ecosystem servigedicators by local people and experts (n=17)

Ranking exercise (scorel1D) for CES indicators
Respondent Hills&  Rivers & Forests Museums Artefacts Monuments Wedding Traditional Cemetries Sport Social  Arboretum Shrines Churches, Retreat
Valleys Streams gardens  music grounds halls & wildlife & Mosques  centres
theatre viewing sacred &
places  Temples

1 6 4 8 7 3 6 5 4 7 6 6 8 8 7 5

2 9 8 7 5 4 5 6 4 6 7 4 7 7 8 6

3 8 5 6 4 5 6 7 6 4 8 4 7 8 8 5

4 4 6 5 3 6 6 8 6 3 7 6 6 7 8 4

5 5 5 9 4 5 5 7 6 4 8 5 7 6 9 6

6 8 7 7 5 5 7 5 5 3 7 4 8 7 7 5

7 6 5 8 6 5 4 8 4 2 8 3 9 6 8 3

8 3 4 8 4 7 3 7 7 5 6 2 7 7 9 5

9 6 6 8 5 3 6 4 6 5 8 5 4 5 10 6

10 7 4 6 6 6 5 7 4 4 7 4 5 6 7 7

11 4 6 8 8 6 5 5 7 5 5 3 3 7 8 8

12 6 4 6 4 4 5 7 5 4 7 4 4 8 9 6

13 5 7 7 5 3 5 5 7 5 6 5 7 5 8 6

14 7 7 9 7 2 6 8 5 6 8 6 8 6 6 6

15 4 6 8 6 1 4 7 3 3 7 5 7 7 7 5

16 6 6 6 4 6 6 4 4 3 6 4 6 8 4 6

17 5 1 5 5 2 5 5 3 3 5 7 5 9 3 5

Mean 5.82 5.35 7.12 5.18 4.29 524 6.18 5.06 4.2.4 6.82 4.53 6.35 6.88 7.41 5.53

Median 6 6 7 5 5 5 7 5 4 7 4 7 7 8 6

Geometric 5.60 4.97 7.01 5.02 3.87 5.14 6.02 4.88 4.03 6.75 4.34 6.12 6.80 7.15 541
mean
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Correlation Matrix

220

Wedding_ Music_ Sports_ Arboretum_
Hills_Valleys | Forests | Museums| Monuments | Gardens Theatres Grounds Nationatparks | Shrines Worship Places
Correlation Hills_Valleys 1.000 413 .365 .389 .240 .353 .342 .393 122 147
Forests 413 1.000 456 .340 .283 344 311 373 .243 .216
Museums .365 456 1.000 .769 415 456 .255 .559 .347 237
Monuments .389 .340 .769 1.000 .389 .504 .280 579 .366 172
Wedding_Gardens .240 .283 415 .389 1.000 415 .354 422 .340 311
Music Theatres .353 344 456 .504 415 1.000 .323 498 416 232
Sports_Grounds .342 311 .255 .280 .354 .323 1.000 372 179 .253
Arboretum__
.393 373 .559 579 422 498 372 1.000 449 .303
Nationalparks
Shrines 122 .243 .347 .366 .340 416 A79 449 1.000 .219
Worship_Places 147 .216 .237 172 311 .232 .253 .303 219 1.000
KMO and Bartlett's Test
KaiserMeyer-Olkin Measure of Sampling Adequacy. .857
Bartlett's Test of Sphericity =~ Approx. ChiSquare 1919.890
df 45
Sig. .000
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Table 6: Cultural ecosystem serviaedicators showing different loadings towards the first and the second principal component
Pattern Matrix@

Component

1 2
Hills_Valleys .895 -.259
Forests 712 -.020
Museums .583 .340
Monuments 571 .344
Sports_Grouds .505 124
Shrines -.092 .800
Wedding_Gardens 171 .609
Worship_Places -.062 .601
Arboretum_Nationalparks 444 491
Music_Theatres .383 AT72

Extraction Method: Principal Component Analysis.
Rotation Method: Oblimin with Kaiser Normalization.

a.Rotation converged in 12 iterations.
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Supplementary Al: Complete table of ecosystem service potential according to Burkhard et al. (2014)
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7.3 Supplementary material 3 for chapter five
The

[Mapping Ecosystem Services]

O/rosy = no relevant potential;
relevant potential; 4/blue green

Glaciers and perpetual snow
Inland marshes
Peatbogs

Beaches, dunss and sand plains]

Agniculture & natural vegetation
Bare rock

Industrial or commercial units
Road and rail networks
Sport and letsure facliies
Non-imgated arable land
Annual and permanent crops
Complex culfvation pattems
Agro-forestryareas
Sclerophylious vegetaton
Transitonal woodland shrub
Sparselyvegetated arcas

Bumtareas

Fruttrees and bemes
Olne groves
Pastures

Mixed forest
Natural grassiand
Moors and heathland
Saltmarshes

Salines

Coastal lagoons

Water courses
Estuanies
Seaand ocean

Pemanentlyimgated land
Broad-eaved forest
Coniferous forest
Intertidal fiats

Water bodies

Contnuous wban fabric

Mineral extraction sites
Dump sites

sites
Green urban areas

Port areas
Airports
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Supplementary A2 Definitions and similarities between the European Union &R and cover classes and land cover classes from the study area. The
similarities motivated the adoptiaf the ecosystem service potential values for the CORINE land cover classes into tlwvédarudbasses of the study area

Land cover classes

Description and cited similarities between CORINE and Study area land cover classes

CORINE class 1:
Discontinwus urban
fabric

Urban fabric where between 30 % and 80 % of the total surface consists of artificially impervious surfaces. Remaining {
mainly consist of vegetation not defined as green urban areas. The class includes urlcafrdaprivate housing estates wit
a relatively large amount of greenery to denser block of flats with less greenery. Apart from resident houses thereffice af
buildings, cemeteries and leisure homes, depending on the percentage of impendémes.surf

Study area class 1:
Settlements

Residential houses and apartments that are separated by intermittent spatial areas covered by natural and/ or maiage
A few of the intermittent land percels have exposed soils without vegetation cogaslah include mainly alleather road
network with minimal tarmac and partly impervious road services. In some areas, the settlement are patterned and clus
whereas in other areas the settlements are randomized without a defined pattern. Themmaraalacentres for shopping and
recreation, which are located along the busy main highways or connecting roads.

CORINE class 2:
Nonirrigated arable land

Ploughed arable land with cereals, oil seeds, root crops and potherbs, fruitearids excluded. Pastures and hayfields unde
rotation, old abandoned arable land, coppice, greenhouses and areas with greenhouses are also included in this class.
Clarification: Strawberry plantations are included in this class. Seed orchards areatat@d. Nurseries surrounded by arab
land are included in this class. If the nursery is surrounded by forest the surface is classified-éadlekbarea. If the sur
rounding consists of mixed areas the class of the nursery is determined bydogrimant land type.

Study area class 2:
Cropland

Cultivated land mainly with cereals e.g. maize and beans, tubers e.g. potatoes, roots e.g. sweet potatoes and casgava,
e.g. coffee. The sizes for the cropland are mainly betw@&nl000 ha. About 10km from Nairobi city centre, there is ease of
finding greenhouse farming. There is about one greenhouse in an approximated € eaahrke kilometre.

CORINE class 3:
Mixed forest

Areas consisting of treestia total crown cover of more than 30% of the surface, where neither-teaaed forest or
coniferous forest constitute more than 75% of the crown cover. Tree height is more than 5 metres with the excepti@th of
low growing forest where lower trégight is allowed.

224



[Mapping Ecosystem Services] [Resource Management] [Humabaieg]] By: Peter W. Wangai

Study area class 3:
Forestland

Forest covers about 5% of the total studay area. Karura forest covers about 1041 ha. This contributes to 25% of ¢lsé tot
cover in the area. The canopy cover of Karurasfioisemore than 70%, with characteristic indigenous (&agton megalocarpus
Brachyleana huillensis, Warburgia ugandensiad exotic (e.gAraucaria cunninghamii, Eucalyptus saligna, Grevillea roblis
tree species. The forest area outside Karura farésimainly private forest, dominated by exotic commercial tree species af
significant reduction in canopy cover.

CORINE class 4:
Pastures

Grass land used for (or have been used for) grazing or haymaking, not under rofaties.and shios cover less than 30 % ol
the surface.

Study area class 4:
Grassland

The grassland is characterized by grass species upto 50 cm tall, and scattered shrubs and trees of upto 5 metréghtadif T
both grass and the shrubs is constantly managié grassland is not commercially used for grazing or haymaking, but rath
owners prospect to construct commercial or residential building in the future.

CORINE class 5:
Water bodies

Lakes and weirs with open surfaces and surfaoggred with vegetatioGlarification: Included in the class are floating
vegetation such as waterlilies, penged and duckweed. Included are also water vegetation such as reeds, sedges, rush
bulrush and unbranched bueed.

Study area class 5:
Wetlands

Water pods, swamps and rivers form the wetlands. Apart from some rivers that at some point flow through settlements
vegetation, swamps and pods are surrounded by vegetation and plants such as waterliliesand papywaterqealis are
mainly artificial for fish farming and storing water for crop irrigation and food crops are commonly found nearby.

CORINE class 6:
Sparsely vegetated areas

Sparsely vegetated areas with little or sparsely developed groundtiegdayer. The vegetation layer has a coverage of
between 10 and 50 % of the surface. In the bare mountain region above the tree line the class mainly consist of snow b
gradients to these. Below the bare mountain regions above the tree lindgpaggtated heaths and alvar are included.

Study area class 6:
Otherlands

This class comprises of abandoned mining quaries for construction materials. The sites have been colonized by vegdtal
is unstable and grows in poor, sandy or rocky shilsovers about 1% of the study area.
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Land use classes
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Supplementary A4 River water sampling points and the quality parameters assessed

P04
Season pH Ec K Na HCOs COD TDS TSS NOsN P
Code (dS/m) (ppm) (ppm) (Mg/) (Mg/l) (Mgll) (Mg/l) (ppm) (ppm)
GF1 Wet 7,4 0,3t 3 4C 0,81 2,2 462 66( 1,66 0,1€
GF2 Wet 7,4 0,5 2 48 34 1z 624 66( 2,66 0,6¢
GF3 Wet 7,2¢ 0,4 3 4€ 2,6 2, 50z 79z 36  06E
GF4 Wet 7,2 0,2t 4 5¢ 3,5 3,2 487 79z 21 02€
KF1 Wet 7,3 0,3t 4 3¢ 2 1z 451 66( 24 02
KF2 Wet 7,5¢ 0,4 1 3€ 3,6 1E 327 39€ 2,48 0,26
KF3 Wet 7,3 0,3t 4 3€ 0,5 1€ 351 66( 2,8 0,26
RF1 Wet 7,3¢ 0,3t 3 3c 2,8 3,6 321 22( 28 0,1€
RF2 Wet 7,3¢ 0,2t 2 2€ 2,2 3 54¢ 66( 46 021
RF3 Wet 7,7¢ 0,3t 2 3c 2,6 0,€ 21¢ 36( 1,28 0,21
TF1 Wet 7,12 0,4 4 5¢ 4,1 0,€ 25€ 39€ 28 02t
TF12 Wet 7,2 0,4¢ 1 44 32 028 43¢ 52¢ 3 o1
TF2 Wet 7,2 0,3C 3 42 2,91 2, 11¢ 132 2,2¢  0,4¢
TuF1 Wet 7,22 0,4t 4 48 2,€ 1,7 10¢ 132 2,64 0,1€
TuF2 Wet 7,17 0,4t 4 48 4.4 1€ 21C 264 3,62 0,52
Mean 7,3 0,37 2,9 40,8 2,7¢  28¢ 360,10 4874 2,7: 031
GS1 Dry 7,4 0,3t 4 5¢ 0,61 1€ 128 20( 2,28 0,2¢
GS2 Dry 7,14 0,5¢ 4 52 0,6 1€ 17¢ 26¢ 28 0,4¢€
GS3 Dry 7,3¢ 0,4¢ 2 42 0,11 0, 31¢ 39€ 1,68 03¢
GS4 Dry 7,0¢ 0,5 2 54 14 0,1¢ 29¢ 39€ 1,88 0,27
KS1 Dry 7,61 0,4¢ 3 42 1,88 08¢ 31z 38( 26 021
KS2 Dry 7,61 0,4¢ 2 4c 2,4 1€ 43¢ 52¢ 286 021
KS3 Dry 7,7¢ 0,4¢ 3 5€ 38 2 65¢ 792 1,7¢  0,2€
RS1 Dry 7,61 0,3C 1 3C 2,8 1€ 352 39¢ 24 0,1¢
RS2 Dry 7,5¢ 0,3¢ 2 3C 3 0,7 46¢ 52¢ 44 03¢
RS3 Dry 7,61 0,2t 3 31 0,8 0,4 43¢ 52¢ 1,6 0,11
TS1 Dry 7,5¢ 0,4¢ 4 5C 3,6 0,6 32t 52¢ 31  0,2¢
TS12 Dry 7,5z 0,4¢ 2 5€ 3,7 0,7 35¢ 19¢ 1,28 25
Tus1 Dry 7,15 0,4¢ 2 44 35 02 21¢ 264 26:  0,€
Tus?2 Dry 7,41 0,3t 3 4¢ 4,6 2% 19¢ 26¢ 328 04z
Mean 7,46¢ 04 2,642¢ 4528t 231920 1,09 3331 404,40 2464 0,42¢
Supplementary A5: Definitions of water quality terms used in the survey
Term Definition Score
A | Very dirty Very high turbidity, odor and not suitable for domestic use 0
B | Dirty Turbid, with visible physical particles & odor 1
C | Not clean Clear but with visible physical particles & odor 2
D [ Quite clean No visible physical particles but with odor 3
E [ Clean No visible physical particles neither odor 4
F [ Very clean Chlorinated/ treated 5
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Samplementary AG Rural and urban water sources and the quality categorization

Source: Kenya Demographic and Health Sur{z§i4)
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