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Foreword 

Sustainability theses should come with loops guaranteed. The 
journey to this one has a few. I am proud that this work was 
produced together with many co-authors from practice and academic 
backgrounds, in Kenya, Sweden, the UK, and the US. There are 
many more that had a hand in this; please excuse my clumsy attempt 
to thank those people here.  

My circuitous route to doing research has come via a good number 
of years in engineering practice. There are some key figures who 
encouraged me to think about infrastructure in a different way, and 
to ask questions that inspired and maybe required tentative steps into 
research. 

Firstly thanks to Peter Guthrie, Heather Cruickshank, and Dick 
Fenner at the University of Cambridge for the chance to spend a 
year putting engineering practice in context of social and 
environmental sustainability in 2006 and 2007 with students from all 
over the world. And to Professor Paul Jowitt, then President of the 
UK Institution of Civil Engineers, for bringing together a group of 
young engineers from Hong Kong, Ghana, Nigeria, UK, Zimbabwe, 
and the US through 2009 and 2010 in Durban, Paris, and London to 
work together on the role of engineering in development.   

Thanks to Byron Stigge, Sarah Sachs, Steven Baumgartner, Rob 
Moyser, Greg Tuzzolo and Ana Serra at BuroHappold for giving me 
the chance to play with, design, engineer, (and in some cases see 
built), various configurations of decentralised and innovative 
infrastructure in diverse places around the globe over five good 
years. Understanding these material and technological 
configurations, and seeing the social and political landscapes they sit 
in is a foundation I’ve built upon in this work. Byron, Sam Cohen, 
and Irmak Turan and others at BH all helped to foment the KDI 
approach even as we designed megacities from a desk in New York. 
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The question that came up through the experience of planning, 
designing, and building infrastructure was what does “sustainable 
infrastructure” mean in projects that were real-estate and 
international finance-led. A related question was how far top-down 
and “expert”-led processes could realistically work alongside shared 
decision making with residents and end-users.  

Peter Guthrie was again to thank in inspiring a thorough 
investigation of what participatory processes and engineering 
expertise could look like when they come together in small 
infrastructure projects; this led to the first paper in this thesis written 
back in 2009 and 2010 by Anna Tompsett and I. 

These discussions come with questions of starting points and world 
views, and my conclusion at that time was that the only way to work 
was from the ground-up. In the words of Nabeel Hamdi in Small 
Change:  

“Intelligent practice builds on the collective wisdom of people and organizations on 
the ground — those who think locally and act locally — which is then 
rationalized in ways that make a difference globally... good development practice 
facilitates emergence, it builds on what we’ve got and with it goes to scale”. 

The subsequent decade of practice and research with KDI has been 
a testament to this idea: to listen, to explore, to build, to test, and to 
repeat with residents in Nairobi, (as well as by my colleagues in the 
neighbourhoods of Los Angeles, and the Eastern Coachella Valley).  

Chelina Odbert, Executive Director of KDI, supported this 
industrial PhD with the idea that grounded research could be an 
important tool for objectively understanding and advancing equity in 
the public realm. I am incredibly indebted to Chelina - partner in and 
supervisor of this work - for making these studies possible. I am 
blessed to have shared the last 12 years of work, friendship, activism, 
and adventures with you, and now gearing up for more – I owe you 
one Chelina! 
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The research and data collection that underpins this thesis was 
carried out by and with many co-authors and colleagues. Thanks to 
all my co-authors from within KDI and outside, for joining and 
leading me in the work. I want to say a special thanks to Jamilla 
Harper for being a friend, partner and guiding light in our joint work 
over 7 intense years. For delivering and presenting this work all over. 
For taking forward the work back home, and for staying with us in 
spirit and divine presence!  

The leadership of the KDI Kenya office supported these work even 
as more pressing and dynamic situations presented themselves on a 
daily basis. To co-authors Tatu Gatere (KDI Board Member and 
founder of BuildHer), Vera Bukachi and Jack Campbell Clause of 
KDI Kenya - the Kenyan doers and thinkers who are taking the 
work and organisation forward – thanks for the ongoing fellowship. 
Special thanks to you Vera for being a peer, partner, and pioneer in 
current and exciting research to come. To Tatu for teaching me 
much and for always challenging and educating me in a very 
generous way that I don’t deserve.  

Special thanks and forever friendship to Pascal Kipkemboi and 
Amos Wandera who walked, mapped, geotagged, talked, taught and 
translated through so many aspects of this work, and who shaped 
the ideas and concepts herein. Also thanks to Ibrahim Maina, Prisca 
“Pim” Okila, Kezia Ojal, Priscilla Kabiru, Sabrina Ohler, 
Allan Ouko K'oyoo, and Manshur Talib for contributing to the 
delivery and development of the research and wider work. Franklin 
Kirimi is a co-author, designer, and landscape engineer for the ages. 
The Board Members of KDI Kenya and KDI US have been a great 
support to all of our work. 

Thanks to the enumeration teams who have been part of data 
collection efforts since 2015, in particular Zena Mohamed and 
Bonface Omwanda who have been there throughout. Your 
knowledge and navigation of Kibera and the perspectives of 
residents has enriched this work. In the wider Nairobi I can’t forget 
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the holy trinity of Jane Weru, Jack Mackau, and Joe Muturi. Jane 
thanks for keeping us on track, feet on the ground, and with our eyes 
on scale. 

To the CBOs, friends, and partners in the Kibera Public Space 
Project who inspired the research questions and informed the 
findings. To Felister “Ann” Kanini Ndunda, Jackie Kiamba, Mary 
Nasimiyu, Meshack “Patch” Imboyoka, Nicholas Onyulo - the 
characters and drivers of the KPSP Network – we’re together. And 
to Beatrice Ojwang, Muzei Mutua, Mandevu, George Onyango, 
Nyambane, and most of all to Eric, we will be together.  

I can’t write this today without acknowledging the moment we’re in 
with respect to the Covid19 pandemic, and the systemic injustices it 
has uncovered in many places, and most certainly in the two places 
where our organisation is grounded (the US and Kenya), and where 
my friends and colleagues continue to work and struggle for justice.   

KDI was founded with the explicit and deliberate goal of improving 
conditions and opportunity in and in partnership with underserved 
and disadvantaged communities. In Kenya we have been working 
with marginalised neighbourhoods whose origins trace back to the 
colonial regime and racist planning dictates. The disproportionate 
action and brutality enacted by the current police in the name of 
Covid19 lockdown measures (with more than 100 Kenyans missing 
since the beginning of this year) is enabled by the same security and 
military infrastructures and practices that were employed by the 
British colonial regime to put down the “emergency” and Kenyan 
independence movement in the 1950s. So in fact this has to be more 
than a moment and the struggle for racial, social, and environmental 
justice has to continue on multiple fronts and in all places. It feels 
strange and even awkward to be writing about myself and this work 
even as I have tried to be in a place of listening and making space for 
others in the last months and years. As I wrote in the early draft of 
this cover essay, I am in the midst of figuring out my own place, and 
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the place of “north-south” research in this. There is much work for 
me and others to do. 

Producing this research from the supportive and stimulating 
environment of KTH has been one of many incredible privileges I 
have benefited from. A key person that connected me to KTH was 
the prescient and wonderful Dr. Jackie Klopp at the Center for 
Sustainable Urban Development at Columbia University. In 2014 I 
was spending half my time on Columbia’s Morningside campus 
corralling my two young and roving sons while my wife Anna was 
working on finishing her own PhD, and the other half in the Avery 
library working with colleagues in Kenya and L.A. on the next stage 
in KDI’s development. During that period Jackie invited Anna and I 
to talk about our work on ICTs and WASH and it was there that I 
met Anna Kramers of KTH. When we moved to Sweden a year later 
Anna Kramers was the one of the few people I knew and who so 
kindly introduced me to folk (including Mattias Höjer and David 
Nilsson) at KTH and encouraged me to pursue these studies.  

At KTH and SEED I want to thank my colleagues, staff and 
leadership at FMS and now the Division of Strategic Sustainability 
Studies. In Mattias Höjer I have somehow found a supervisor who 
combines inspiring research, critical thought, and pragmatic 
administration in the most compelling and supportive way. He 
joined this enterprise because “it could be fun” – I hope it was (at 
times!). David Nilsson thanks for your always on-point 
interventions, and for your scholarship on water, colonialism, 
development, and infrastructure that had been in significant part 
missing from my home education.  

Solidarity and thanks to PhD journey folk: Tina Ringenson, 
Eléonore Fauré, Daniel Ddiba, Nathalie Bergame, Nicholas Francart, 
Vishal Parekh, and Hampus Mårtensson. To Fredrik Johansson for 
always being (physically) in my corner, and for his friendship. To 
MD Ahasan Habib: it’s good to be with you for one more ride after 
more than 10 years of shared journeys.  
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A note of special thanks to Sara Borgström for paper reviews, ideas, 
and super helpful and constructive critique and commentary. I hope 
I get to work with you again. Thanks Maria Malmström, Rebecka 
Milestad, and Nils Johansson of SEED for your leadership; in these 
last 4 years I have been lucky to make connections across the 
Department, Urban and Regional Studies and the wider ABE, and I 
hope the links may continue. 

To my partners on the “Community Responsive Adaptation to 
Flooding” project (which funded this PhD) - thank you. To Anna 
Tompsett for leading the work. To Dr. Luke Olang and Juma 
Benard at the Technical University of Kenya and Ana Varela Varela 
of NYU; thanks for a fun and productive partnership so far, and for 
advancing the technical robustness of this transdisciplinary work. 
More to come. And to Professor Christine Wamsler at Lund and Dr. 
Stephan Barthel at Gävle University for opening many new research 
routes and ideas. To the Swedish Research Council and Sida, thank 
you for funding the research and the studies of myself and Juma. 

Others further afield also taught me a lot about transdisciplinary 
work, and were behind the research projects and efforts that led to 
papers in this thesis. In particular Ellika Hermansson Török and 
Thomas Elmqvist at Stockholm Resilience Centre; Janani 
Vivekananda (now of Adelphi) and Shreya Mitra (now of FCDO); 
Mark Pelling, Hayley Leck, Maud Borie and Faith Taylor of Kings 
College London; and Dr. Priti Parikh at UCL who’s work on “slum 
networking” is very important in my own work.  

Thanks to co-authors and friends Rosie Jewell and Bukonola Ngobi. 
Rodoula Gregoriou and the Water Team at BuroHappold in Bath 
for ongoing fellowship. Nayoka Martinez-Bäckström, Elin 
Andersdotter Fabre, and Cecilia Andersson, for friendship and 
support in Stockholm and Nairobi. And to Andrea Gadnert for fun 
collaborations, and for helping with the sammanfattning. Look 
forward to continued ventures together all.  
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In late 2019 I was able to re-visit with Dr. Klopp at CSUD (thanks 
to support from the Volvo Research Education Foundation) now as 
a student of KTH, and where I also penned the first real draft of the 
cover essay for this thesis with Jackie’s very critical input. It felt 
fitting to be back in Morningside again where the link to KTH had 
first been made 5 years before.  

On a personal note I want thank my folks, and my brother, who 
have always put people, community work, building, and environment 
at the centre of their work and approach to life. And thanks to my 
Mum and my Mum in Law (Hilary Tompsett) for very useful read 
throughs of this cover essay.  

Above all I want to thank my wife and partner Anna Tompsett for 
all the support of this work in a myriad of ways: advising, co-
authoring, critiquing, leading. Thanks for being my life partner and 
friend. Up to this year we were only in the same city for what felt like 
less than half the time, being together this year has been a real joy.   

Love to my sons Paddy and Jack who have grown up with this work. 
From Jack being a chubby baby at Kibera Public Space Project 01 in 
2010, Paddy on site for design workshops at KPSP05 with Pim and 
Anna in 2013, and now up to Jack doing his Swedish homework on 
the sidelines of a community workshop on flooding in Andolo, 
Kibera led by my colleagues in Swahili in late 2017. At that point I 
came to realise the journey had been long and with many loops. 

JM, Stockholm, September 2020 
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Sammanfattning  

Inledning 

Komplexiteten och omfattningen av den globala stadsutvecklingen 
de närmaste årtiondena kommer att kräva radikalt nya 
tillvägagångssätt för att åstadkomma en hållbar utveckling. 
Ytterligare 2,5 miljarder människor beräknas befolka världens städer 
år 2050 och 90 procent av denna ökning förväntas ske i Asien och 
Afrika. Städer i Afrika söder om Sahara, där mycket av forskningen i 
denna avhandling har bedrivits, står inför åtskilliga sammankopplade 
utmaningar, såsom snabb urbanisering, informella regelverk och 
fattigdom, begränsad planeringskapacitet, förlust av grönytor och 
snabba klimatförändringar. Denna avhandling undersöker processer 
för design och planering av infrastruktur som kan bidra till en mer 
rättvis och hållbar stadsutveckling i snabbväxande städer i samband 
med klimatförändringar.  

Det går inte att tala om afrikanska städers utveckling utan att beröra 
informella bosättningar, vilka ofta karaktäriseras av låga inkomster 
och begränsad tillgång till grundläggande samhällstjänster. Ett 
växande antal forskare och utövare menar att informella områden 
inte bör betraktas som laglösa platser som bör elimineras, utan 
istället som framväxande samhällen vilka bör stöttas genom stegvis 
uppgradering. Många hävdar att hybrida (formella och informella) 
kombinationer av samhällstjänster kan möjliggöra en övergång till 
inkluderande och hållbara infrastruktursystem. Det är därför 
nödvändigt att förstå hur framväxande informella samhällstjänste 
kan påverka och integreras i processer för uppgradering och 
formalisering. 

De flesta artiklarna i denna avhandling behandlar 
planeringsprocesser och infrastrukturåtgärder för hantering av 
översvämningsrisk och förbättring av dränering i informella 
bosättningar. I många städer i låginkomstländer står de fattigaste och 
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mest utsatta människorna inför en ökad översvämningsrisk på grund 
av klimatförändringar och den snabba urbaniseringen.  

Det finns ett akut behov att gå från respons till en integrerad och 
proaktiv strategi för hantering av översvämningsrisk i snabbväxande 
städer. Detta gäller bland annat Kenya som till stor del är i fokus i 
denna avhandling. Hantering av översvämning och dränering i 
informella områden är en infrastrukturfråga som tydligt illustrerar 
begränsningar av, och fördelar med, medborgarledda processer och 
statligt styrda interventioner. Utvecklingen av infrastrukturlösningar 
för översvämningar och dränering i städer studeras i denna 
avhandling för att skapa kunskap som är relevant även för andra 
infrastrukturområden. 

Mål och metoder 

Det övergripande syftet med denna avhandling är att öka förståelsen 
för potentialen i inkluderande planering som engagerar flera olika 
intressenter (multi-stakeholder participation) i utformning och 
planering av hållbar infrastruktur, med fokus på möjliggörande av en 
hållbar omställning i socialt och miljömässigt utsatta områden i 
snabbväxande städer. 

De huvudsakliga forskningsfrågorna för avhandlingen är följande: 

1. Hur kan involvering av flera olika intressenter i 
infrastrukturutformning och planering stödja övergången 
till hållbara utvecklingsvägar i områden som saknar tillgång 
till grundläggande samhällstjänster, och som hotas av 
klimatförändringar? 

2. Vilka planeringsverktyg kan förbättra hanteringen av 
översvämningsrisker och urban dränering för socialt och 
miljömässigt utsatta områden? 

3. Hur kan metoder för urban dräneringshantering från socialt 
och miljömässigt utsatta områden påverka framtida 
infrastruktursystem? 
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För att undersöka dessa frågor bygger forskningen på fallstudier, 
panelundersökningar, intervjuer och observationer från deltagande i 
projekt och planeringsprocesser i informella områden, med särskilt 
fokus på den informella bosättningen Kibera i centrala Nairobi, 
Kenya.  I avhandlingen sammanförs ett antal studier av "bottom-
up", framväxande system för boendeförvaltad vatteninfrastruktur, 
och "top-down" statliga infrastrukturprojekt för "uppgradering". 
Avsikten är att undersöka hur en blandning av dessa kan möjliggöra 
innovation och överbryggande av kunskap mellan grupper. 
Omfördelning av makt i beslutsfattande samt att värdesätta och dela 
kunskap ligger i fokus.  En tvärvetenskaplig forskningsmetod 
används för ändamålet att samla kunskap och expertis från invånare, 
utövare, formgivare och akademiker i utformning, leverans och 
tolkning av data och resultat. Genom denna forskning undersöks 
och testas planering och infrastrukturdesign där invånare och 
tekniska experter har haft gemensamt ansvar för resultaten. 

Resultat 

Avhandlingen utvecklar konceptuella modeller för att engagera 
tekniska experter och invånare i infrastrukturdesignprocesser. Den 
undersöker fördelar och avvägningar för civilsamhällestyrda och 
decentraliserade infrastrukturprogram, särskilt för hantering av 
översvämningar och dränering. Resultatet omfattar teoriutveckling 
för inkludering av flera olika intressenter i infrastrukturplanering, 
analys av verktyg för deltagande i hantering av översvämningsrisk i 
urbana miljöer samt nytt underlag om fördelar med och 
begränsningar av framväxande metoder i lokal 
infrastrukturhantering. Informationen som forskningen bidrar med 
kommer att ha särskild relevans för Kibera, dess roll i Nairobi, samt 
för delområden inom Kibera. Samtidigt kan flera av de förhållanden 
som finns i Kibera; en kombination av till exempel fattigdom, 
översvämningsrisk och sårbarhet för klimatrisker, vara relevanta för 
andra låginkomstområden i Nairobi, liksom för andra snabbväxande 
städer i Afrika och i andra regioner. 
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En slutsats i avhandlingen är att urbana, informella 
låginkomstområden kan vara platser för innovation och 
transformering av infrastruktursystem i ett förändrat klimat. 
Resultaten som presenteras visar hur invånare i resurssvaga 
stadsdelar med låg tillgång till grundläggande samhällstjänster har 
djupgående kunskaper om översvämningsrisk och lokala 
klimatrisker, förmåga att snabbt och effektivt agera för att möta 
akuta klimatrisker, samt har tydliga prioriteringar för utveckling på 
lång sikt. Vidare diskuteras hur utveckling av infrastruktur i 
informella områden kan vara en väg för att skapa ett nytt socialt 
kontrakt, antingen genom expansion och formalisering av befintliga 
och framväxande metoder för leverans av samhällstjänster, eller 
genom utveckling av ny kommunal infrastruktur. Begränsande 
faktorer inkluderar brist på resurser och teknisk kompetens på lokal 
nivå och brist på samspel och legitimitet på kommunal nivå. I 
resultaten presenteras exempel på hur framväxande 
infrastrukturmodeller från Kibera faktiskt har integrerat och 
informerat kommunala system. Här presenteras också fall där de 
decentraliserade systemen har misslyckats eller till och med inneburit 
ytterligare bördor och risker för redan resurssvaga grupper, på grund 
av brist på kapacitet eller finansiella resurser. 

För att dessa experiment i mindre nischer ska kunna bidra till 
utveckling i större skala och åstadkomma transformation krävs 
politisk vilja som byggs på kunskap, teknisk erfarenhet, robust 
underlag samt att organisationer som representerar invånare snabbt 
kan samlas. Resultaten visar också exempel på hur "top-down" -
strategier har splittrat sociala nätverk och missat möjligheter att 
skapa mer motståndskraftiga och hållbara resultat. En strategi för att 
tillämpa detta förhållningssätt i större skala i framtagandet av 
integrerade utvecklingsplaneringsprocesser för låginkomstområden, 
som bidrar till både sociala och miljömässiga mål, kan vara 
integration av grön och inkluderande infrastruktur som ett 
organisatoriskt ramverk för fysisk planering.  
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För att ta sig an grundläggande sociala och miljömässiga utmaningar 
och möjliggöra mer gångbara utvecklingsvägar krävs en ny agenda 
för inkluderande infrastruktur inom både forskning och politik. 
Denna agenda, vilken drivs av beslutsfattare på nationell och 
kommunal nivå, bör ha fokus på rättvisa och hållbarhet. Den bör 
också grundas i en förståelse för lokala förhållanden och 
klimatrelaterade risker. 

Forskning har en viktig roll i att belysa och objektivt granska dessa 
metoder, med tillämpning och replikerbarhet i åtanke. Forskare 
baserade i höginkomstländer (som jag själv) med intresse för dessa 
frågor bör söka samarbete med nationella universitet och lokala 
forskningspartners, för att aktivt bygga upp kapacitet och samverkan. 
De bör samtidigt överväga sina egna motiv, privilegier och 
perspektiv på utveckling av forskningsfrågor i låginkomstländer. 
Samproduktion av forskningsagendor är också grundläggande för att 
dessa länders perspektiv på stadsutveckling ska kunna utvecklas och 
vara i framkant i att definiera frågorna. 

Samtidigt fortsätter invånare i resurssvaga områden att bygga 
framtidens städer på egen hand. Denna avhandling utvecklar 
konceptet hybridmodeller som fångar den framväxande och 
transformerande kraften i samordnade insatser från invånare och 
civilsamhällesgrupper, samt ger mer livskraftiga och flexibla 
utvecklingsvägar för utsatta områden i låginkomstländer.  
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Abstract  

This thesis is concerned with the processes of design and planning 
of infrastructure in rapidly urbanising cities that can lead to a more 
just and sustainable trajectory of urban development in the context 
of a changing climate. The thesis draws on case studies, panel 
surveys, interviews, and participant-observation of both top-down 
and bottom-up planning processes for infrastructure development 
and flood risk management in the context of urban informal areas, 
with a particular focus on the large informal neighbourhood of 
Kibera in central Nairobi, Kenya. The research herein employs a 
transdisciplinary approach to bring together the knowledge and 
expertise of residents, practitioners, design professionals, and 
academics in research design and delivery, and in the interpretation 
of the data and results. The overall aim of the thesis is to generate 
new understanding on the involvement of citizens and technical 
experts in the design and planning of urban development initiatives, 
and in particular for building flood resilience in informal, 
underserved and under-resourced neighbourhoods. Outputs include: 
theory development for multi-stakeholder participation in 
infrastructure planning, the analysis of participatory tools for flood 
risk management in urban contexts and new evidence on the benefits 
and limitations of emergent practices in local infrastructure 
management. Results show how informal areas can be sites for 
innovation, transition, and integration of infrastructure systems at 
multiple scales. The data and cases presented show how residents in 
underserved and under-resourced neighbourhoods have 
sophisticated knowledge about local climate-threats and have clear 
priorities for longer term development that should be at the centre 
of infrastructure and upgrading. This thesis puts forward a model of 
inclusive infrastructure development that aims to capture the 
emergent and transformational properties of concerted efforts by 
resident and civil society groups, alongside routes to scale and 
replicability, and to provide more viable and responsive development 
pathways for underserved neighbourhoods.
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1.0 Introduction 

1.1 Climate Change and Urbanisation 

The complexity and scale of global urban development over the next 
quarter of a century will demand radically new approaches to move 
towards sustainability (Elmqvist et al., 2018). Forecasts suggest that 
by 2050, an additional 2.5 billion people will be added to the world’s 
urban population with 90 percent of the increase expected to occur 
in Asia and Africa alone (United Nations, 2019). Cities in sub-
Saharan Africa (sSA), where much of the research in this thesis is 
situated, face intersecting challenges of rapid urbanisation (UN-
Habitat, 2014), high levels of informality and poverty (Kessides, 
2006; Smit et al., 2017; Hove et al., 2013), inadequate planning 
(Lusugga Kironde, 2006), loss of green space (Mensah, 2014), and 
the impacts of climate change (Du Toit et al, 2018).  

In many African towns and cities development actors have been 
slow to plan and manage the projected rapid urban growth (UNH, 
2020). Consequently, the poorest and most vulnerable face increased 
exposure to multiple risks, in particular flood risk (Bischiniotis et al., 
2018; Jha et al., 2012). The inclusion of an explicitly urban 
Sustainable Development Goal (SDG 110F1) in the 2030 agenda 
signals a hopeful departure from policy neglect that has accompanied 
urbanisation in parts of the global south in recent decades (Parnell, 
2016). With around two-thirds of the projected urban area in 2050 
yet to be built (Fragkias et al., 2013), many cities have a window of 

 

 

 
1 Sustainable Development Goal 11: “Make cities and human settlements 
inclusive, safe, resilient and sustainable” (UNSD, 2020) 
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opportunity to address these complex challenges and to forge radical 
new pathways for urban and national development.  

1.2 Urban Infrastructure and Sustainable Development   

Infrastructure systems form the backbone of every society, providing 
essential services that include energy, water, waste management, 
transport and telecommunications. Infrastructure can also create 
harmful social and environmental impacts, increase vulnerability to 
natural disasters and leave an unsustainable burden of debt. Cities 
have a co-dependent and intertwined relationship with their 
infrastructure systems which, to a large degree, determine and lock-
in patterns of resource use (Guy et al, 2010; Hodson et al, 2012; 
Roelich et al, 2015) and influence urban resilience in a changing 
climate (Linkov et a, 2014). Thacker et al., (2019) find that 
infrastructure either directly or indirectly influences the attainment of 
all seventeen of the SDGs, including 72 percent of the targets. 

Many neighbourhoods and cities in Africa are not yet locked into the 
unsustainable technology of the twentieth century (UN-Habitat, 
2014). Non-traditional and emergent infrastructure systems that 
often undergird service provision can be both more inclusive and use 
less resources than conventional approaches (Hyman and Pieterse, 
2017) as well as creating crucial sites to re-think spatial distributions 
of power in the postcolonial city (Kimari and Ernston, 2020). 
Considering different configurations of networked infrastructure 
(both from a physical network and governance perspective) in 
African cities may provide an opportunity for transitioning towards 
sustainable development pathways (Cartwright, 2015; Jaglin, 2015).  

1.3 Infrastructure for (and with) whom? 

Top-down development in the 1970s and `80s was found to be 
“deeply disconnected from the needs of the poor, the marginalized, 
and the excluded" (Mansuri and Rao, 2013: page 15). In response to 
this, a trend in development and infrastructure financing for low-
income countries has been a growing imperative for the involvement 
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of voices and knowledge beyond traditional disciplinary experts in 
project development and delivery. “Participatory development” has 
been widely adopted and touted as a solution but “still driven more 
by ideology and optimism than by systematic analysis, either 
theoretical or empirical" (Mansuri and Rao, 2013, p 3). 

In urban contexts, it has been argued that a single disciplinary 
approach to infrastructure is no longer an adequate response to 
contemporary complexities (Beall et al., 2010). The development of 
cities requires expertise in the technical aspects of infrastructure 
systems, and in policy and planning, as well as management know-
how for the functioning of city infrastructure systems.  

An important question then raised is how best to reconcile 
participation in decision-making with the role of external actors 
bringing technological expertise to a project.  There is an implicit 
assumption that ‘more participation’ is a good thing, although this 
may not always be the case. This is highlighted in a study by Khwaja 
(2004) which found that increased community participation in 
technical decision-making was detrimental to the robustness and 
impact of project interventions. While it is considered easier to 
integrate citizen-engagement in small projects it becomes more 
complicated in larger infrastructure development; this is particularly 
the case in areas where land-rights and tenure are unclear (Manroth 
et al, 2014). To tackle this question the six papers in the thesis draws 
on the study of different infrastructure and urban development 
processes, with multiple cases in the context of urban informal areas, 
where collaboration can have very specific dynamics and imbalances. 

1.4 Informality, Urban Transition, and Infrastructure 
Governance  

Within any conversation on development in African cities low-
income and informal neighbourhoods are a fundamental 
consideration. In colonial cities in Africa racial segregationist urban 
policy left a legacy of skewed urban land and services allocation 
leading to massive inequalities across cities, with slums and wealthy 
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suburbs the most visible forms of these gaps (Klopp and Paller, 
2019). Projections show that the 400 million urban dwellers currently 
in Africa will triple by 2050 (UN-DESA, 2019). sSA continues to 
have the highest prevalence of “slum” conditions globally, with the 
majority of new city dwellers expected to live in slums (ibid). The 
lived realities of residents of informal neighbourhoods vary greatly 
from place to place, as do national government policies and local 
practices that affect squatters’ rights and development strategies 
(Mitlin and Satterthwaite, 2004). 

In Nairobi, capital of Kenya, the County Council and the formal 
private sector have been unable to deliver services to most parts of 
informal neighbourhoods (where more than half of the urban 
population resides), which corresponds with the emergence of 
alternative providers of solid waste disposal (Njoroge et al., 2014), 
water and sanitation, as well as illegal power connections (Anyamba, 
2011). Government has either ignored or pursued a “raze and 
replace” approach to informal areas, a strategy that exacerbates 
underlying inequities (Odbert and Mulligan, 2015).  

A growing number of scholars and practitioners suggest that slums 
can best serve citizens and nations if treated not as outlaw places to 
be eradicated, but as emergent communities to be supported through 
incremental, in-situ, slum upgrading processes (Cities Alliance, 2014). 
Lindell (2008) sees the ‘‘multiple sites of governance’’ in sub-Saharan 
cities as advantageous to experimentation and innovation in service 
delivery.  

Hyman and Pieterse (2017) argue that de facto hybrid (formal and 
informal) service delivery systems that undergird African cities can 
unlock a transition to future infrastructure systems that are 
progressively inclusive and sustainable. On the other hand, Ramos 
argues that the heterogenous institutional capacity and orientation of 
government institutions in so-called developing nations can limit or 
constrain the pathway for innovative practices (Ramos-Mejía et al., 
2018). A related challenge highlighted by Douglas (2017) in the 
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context of urban drainage is that multiple sites of governance can 
lead to confusion, inefficiency, and public health risks for residents, 
if not properly coordinated.  Resident and civil society action may 
build local resilience to the impacts of climate change, without 
addressing or in some cases worsening larger scale resilience (Tanner 
and Mitchell, 2008). Hence there is a strong call for community 
action to be oriented towards working with local governments, 
rather than attempting to fill the gap created by local government 
inaction (UN-Habitat, 2018). The thesis brings together a number of 
studies of both “bottom-up” systems of resident-managed 
infrastructures, with “top-down” government “upgrading” 
infrastructure projects, to understand further the dynamics of these 
interactions.  

1.5 Flood Risk Management and Urban Drainage in Informal 
Neighbourhoods 

In cities in low-income countries, the poorest and most vulnerable 
face increased exposure to flood risk due to rapid urbanisation and 
climate change (Bischiniotis et al., 2018; Jha et al., 2012). In colonial 
cities such as Nairobi this condition was created through selective 
settlement by European colonialists of higher lying areas, leaving 
low-lying, riverine, and swampy areas to “natives” (Hake, 1977) with 
an urban environmental form still heavily shaped today by “divide 
and rule” policies and exclusions (Kimari, 2020). 

While the scale of flooding in urban Africa is not as catastrophic as 
in some Asian cities, continuous small-scale flooding can cripple the 
capacity of many residents to improve their conditions and move 
beyond merely ‘coping’ with risk (Bhattacharya and Lamond, 2011). 
At this neighbourhood scale, urban drainage – consisting of 
stormwater and wastewater management – is at the critical interface 
of the public, the environment, and physical infrastructure and 
governance systems. In response to a lack of municipal presence or 
responsibility for what is typically a public infrastructure service 
residents often attempt to make improvements themselves, or in 
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collaboration with civil society organisations (Reed, 2004; Armitage, 
2011; Douglas, 2016). Mguni et al. (2015 and 2016) subsequently 
make the case for starting with “niche experiments” at the “local 
community scale” to demonstrate how innovative urban drainage 
practices can work in the informal context and to influence larger-
scale planning and design practices. These patterns and possibilities 
also play out in other infrastructure domains including wastewater, 
water supply, energy supply and solid waste management.  

1.6 Research Aim and Questions 

The aim of this thesis is to understand the potential of multi-
stakeholder involvement in the design and planning of infrastructure, 
with a focus on enabling the transition of underserved and climate-
threatened neighbourhoods in rapidly urbanising cities towards 
sustainability.  

Urban flooding and drainage management in informal areas is an 
infrastructure domain that starkly illustrates the benefits and 
limitations of resident-managed practices and of state-led 
interventions. As such, the development of infrastructural responses 
to urban flooding and drainage is studied in this thesis with the 
intent of drawing learning relevant also to other infrastructure 
domains.  

The main research questions for the thesis are as follows:  

1. How can multi-stakeholder involvement in infrastructure 
design and planning support transition to more sustainable 
pathways in underserved and climate-threatened 
neighbourhoods? 

2. Which planning strategies can improve urban drainage and 
flood risk management in underserved and climate-
threatened neighbourhoods?  

3. How can emergent urban drainage management practices 
from underserved and climate-threatened neighbourhoods 
influence future infrastructure systems? 
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This thesis brings together a number of studies of both “bottom-up” 
systems of resident-managed water infrastructures, with “top-down” 
government “upgrading” infrastructure projects, with the purpose of 
examining this in-between space as an opportunity for innovation 
and bridging. It develops conceptual models for the involvement of 
technical experts and residents in infrastructure design processes, 
and considers the benefits and trade-offs in civil society governance 
of local and decentralised infrastructure schemes, in particular for 
urban flooding and drainage management. In doing so, the thesis 
puts forward more inclusive models of urban infrastructure 
development for communities and cities that could shape the 
imaginaries and development pathways of the world’s future cities. 
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2.0 Research Context 

The following section further explores key concepts and definitions 
regarding the interlinked aspects of infrastructure, urban transition, 
climate change and resilience, flood risk management, and co-
development as context for the research questions, results and 
discussion in this thesis. 

2.1 Urban Infrastructure 

There are no uniform or uncontested conceptualisations of urban 
infrastructure (Beall et al., 2019). Many standard definitions focus on 
the ‘hard’ utilities and the material networks that underpin service 
provision (Estache and Fay, 2009) e.g., infrastructure as 
“the basic structure of an organization or system which 
is necessary for its operation, esp. public water, energy, 
and systems for communication and transport” (Cambridge, 2009). 
Edwards (2003, p187) defines infrastructure “as those systems 
without which contemporary societies cannot function”, noting all 
the while that the notion of these systems as smoothly functioning 
background apparatus only applies in the so-called “developed 
world”. Infrastructure can also refer to the informally built toilets, 
clandestine electricity systems or social networks of support in 
popular neighbourhoods, often on the margins of urban life (Silver, 
2014).  

In the context of studies of infrastructure in colonial and post-
colonial societies, Ramesh and Raveendranathan (2020) following 
D’Souza (2006) show how in colonial India the varied uses of public 
works projects served to embed a capitalist transformation of nature. 
In this colonial context infrastructure can be understood more 
broadly as a socio-material and technical assemblage of practices and 
institutions, which enabled new forms of governance, appropriation 
and dispossession (Nikhil Anand, Akhil Gupta, and Hannah Appel, 
2018) and a material force that implants colonial economies and 
socialities (Deborah Cowen, 2017). In post-colonial Kenya Kimari 
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and Ernston (2020) remind us that modern grand infrastructure 
projects (in this case the recently China-built “Freedom Express” 
railway) can be interlaid with neo-colonial and segregationist systems 
embedded in the planning and governance culture of the elite and 
their international finance and delivery partners.  

In urban infrastructure research it is clear that questions of technical 
responses, social dynamics, history, and political power will intersect, 
suggesting a need to bring together different research disciplines 
(Beall et al., 2010). In their study of infrastructure interfaces in 
southern cities Beall et al. (2019) set out to engage multiple 
disciplines in the analysis of a case study of transport and sanitation 
in Addis Ababa, Ethiopia with the aim of uncovering the validity and 
practicalities of interdisciplinary infrastructure research. They 
distinguish the research priorities of different disciplines with respect 
to infrastructure, roughly categorising them as “techno-policy” (e.g., 
architects, engineers, planners and economists) or “socio-political” 
(e.g., anthropologists, geographers, political scientists and 
sociologists). Socio-political researchers in particular have been 
active in extending analysis to the very local scale to consider the role 
of civil society in the governance of infrastructure and the 
implications for formal government actors (ibid).  

Following these broad groupings, the research approach in this 
thesis takes a predominantly techno-policy research perspective (the 
lead author is an engineer, and many of the co-authors are architects, 
urban designers or design practitioners), but it also incorporates and 
complements the research of geographers, sociologists, and 
practitioners in community work, and has a specific focus on how 
civil society organisations engage in infrastructure governance. It 
certainly builds on an optimism found in the techno-policy 
viewpoint described by Beall et al. (2019) – that things will be built 
and that actors can influence how they turn out.   

Beall et al. (2019) go on to identify four “infrastructure ideals” from 
the assembled literature that inform infrastructure investment and 
interventions: i) universal networked access, ii) connecting 
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competitive space (concerned with economic growth, productivity 
and the effective deployment of scarce resources), iii) ecological 
modernisation (concerned with sustainability transitions in the face 
of the global environmental crisis) and iv) new self-sufficiency and 
post-networked infrastructure (recognising decentralised,  hybrid and 
emergent practices).  

Lawhon et al. (2018) build on research relatable to the post-
networked “ideal” described in Beall to develop a concept of 
Heterogenous Infrastructure Configurations (HICs). This concept 
expands the consideration of infrastructure beyond individual 
objects to consider infrastructures as parts of geographically spread 
socio-technological configurations, potentially involving different 
technologies, relations, capacities and operations, as well as different 
risks and power relationships. 

The HIC and post-networked concepts are relevant to this thesis, 
since many of the infrastructure systems studied in the research have 
non-traditional and resident-managed governance arrangements, 
evolve and expand, and carry different risks for different actors. 
They are situated in the rapidly changing urban neighbourhoods and 
are shaped by, as well as potentially shaping, the immediate and 
wider processes of change.  

2.2 Underserved Neighbourhoods, Governance, and Urban 
Transition  

Monstadt and Coutard (2019) argue that by focusing on the interplay 
of infrastructural and urban change, we can better grasp 
contemporary forms of change driven by global environmental 
pressures, systemic vulnerabilities and sociotechnical innovation. 
Though Africa itself is still a rural continent, change is happening 
faster in African cities than anywhere else (Hyman and Pieterse, 
2017). Eastern Africa, where much of this work is set, is the world’s 
least urbanized but fastest urbanising sub-region (UN-Habitat, 2019).  
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Histories of African cities have often shown how infrastructure is 
configured to colonial priorities that enforced race-based 
segregation; the extension of these services post-independence by 
the governing class have often only extended those networks leaving 
out the poor and marginalised (Monstadt and Schramm, 2017). At 
the beginning of this century most African governments did not 
have an explicit urban development strategy that considered the 
needs of the urban poor (Parnell and Simon, 2014). In many cases 
this manifested in anti-migration policies and often in massive 
under-investment in slum areas where the majority of city residents 
reside (Hyman and Pieterse, 2017). Those living in informal 
settlements often have to find their own ways to access housing, 
economic opportunities and social amenities – these practices are 
frequently rendered invisible and/or illegal in official policies 
(Anyamba, 2011; Myers, 2011; Caprotti et al., 2017). In the same 
moment the informal economy contributes 30-60 percent of GDP 
and provides four in five urban jobs in many countries of the global 
south (UN-Habitat, 2018). 

Today national and pan-African institutions actively promote 
“sustainable urbanisation”, encourage democratic decentralisation, 
and work with various financing institutions to address massive 
infrastructure deficits that place a brake on sustained economic 
growth (UN-Habitat and ECA, 2015; Hyman and Pieterse, 2017). 
However, there continues to be a major disjuncture between this 
new urban agenda and the everyday reality of infrastructure 
investment, city management, legal provisions and urban planning 
(Pieterse and Hyman, 2014).  If urban justice cannot be achieved 
without addressing the politics of spatial injustice and access to 
essential services and the commons (Hyman and Pieterse, 2017) then 
the future of low-income, informal, and “slum” neighbourhoods are 
of fundamental importance in considering just and equitable urban 
development pathways for many cities across sSA. 

The term ‘slum’ is much debated and has been criticised as pejorative 
(Gilbert, 2007) and dismissive of the full social, economic, cultural, 
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and political dynamics of complex neighbourhoods (Klopp and 
Paller, 2019). Slum and informal settlement are often used 
interchangeably to mean the physical and spatial manifestation of 
urban poverty and intra-city inequality (UN-Habitat, 2010). The 
meaning of ‘informal’ is also debated, with some neighbourhoods 
having informal land status but having middle class residents who 
are treated differently from poorer areas (Roy, 2005). Thus, formality 
and informality are not fixed categories based on clear criteria but are 
rather a continuum negotiated on a case by case basis (UNH, 2018). 
A recent and nuanced exposition of the concept of slums in the 
African context is given in Smit et al. (2017). 

In this thesis, the term “underserved neighbourhoods” is often used 
to signify the confluence of low-income areas with a lack of formal 
municipal infrastructure and social services, suggesting conditions of 
informality and a relative absence of the state. It represents the 
preference of some residents engaged in the projects and research 
discussed in this thesis, that they should not to be referred to as 
“slum dwellers”.  Both the terms slum and informal settlement are 
also used (and often qualified) in the papers that make up this thesis 
and should be read and understood with the above context in mind. 

Of particular relevance to the argument in this thesis is the provision 
of basic urban services in these underserved neighbourhoods and 
their role in urban transition or transformation. Pelling’s (2010) 
classification distinguishes resilience, transition and transformation 
(in the context of climate change adaptation) primarily by the extent 
to which they challenge the status quo. Transition involves 
incremental changes in governance systems, but with overarching 
norms, principles and socio-political regime remaining unchanged. 
Transformation requires a regime change, in which underlying values 
are questioned from the level of individual behaviour to the 
mechanisms and structures of the global political economy. In this 
framing emergent social structures can foster experimentation and 
innovation, transition or even transformation (Pelling at al 2010; 
2015).  
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In considering transition and the role of niche practices the Multi-
Level Perspective (MLP) of nested systems as described by Geels 
(2011) becomes highly relevant. Building on this approach Herslund 
et al. (2017) study infrastructure in sub-Saharan African cities, 
arguing that transitions toward sustainability can take the form of 
“regime shifts” driven by “niche innovations [that build] internal 
momentum to challenge the regime”. 

There is a subsequent imperative to understand how emergent and 
informal systems of practice can influence and be incorporated into 
upgrading and formalisation processes (Hyman and Pieterse, 2017) 
and to recognise (and not romanticise) the specific dynamics of 
hybrid service delivery systems in a given city (Caprotti et al., 2017). 
Much of the housing stock is yet to be built and this presents a huge 
opportunity to build more resource-efficient housing and 
infrastructure today, reduce urban vulnerability and poverty, 
contribute to economic growth, and make significant environmental 
and economic savings in the future (French and Lalande, 2013).  

More broadly, urban transition offers the possibility of building 
citizenship and the social contract and improving social support 
systems and conditions for underserved communities. Non-
governmental and intermediary organisations can potentially 
contribute to fostering transition processes in low-income countries 
by building up their capacity to act as coordinating facilitators of 
such processes (Van Welie and Romihn, 2018). Hyman and Pieterse 
(2017) point towards the operationalisation of an institutional 
framework, that can cope with formal service delivery and associated 
infrastructure investment alongside non-formal mechanisms that 
which operate symbiotically with the formal city – the adaptive city. 
This raises the tantalising prospect of an affordable and inclusive 
agenda for urban development in African cities. Subsequently many 
are studying and looking for pathways towards this symbiosis.  

Some academics and policy makers argue that multiple sites of 
governance inherent in emergent practices are in fact inhibitors to 
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transition and transformation (Hansen et al., 2018). A view from the 
perspective of direct foreign investment sees the current urban form 
of African cities as the major factor limiting the potential of 
economic development and calls for large-scale reform of land 
rights, zoning and property rights (Lall et al., 2017).  

The “upgrading” of informal neighbourhoods where land tenure is 
often contested thus becomes an important arena for these 
discussions. Slum upgrading is a commonly used term defined by 
Cities Alliance (2016) as “a process through which informal areas are 
gradually improved, formalised and incorporated into the city itself, 
through extending land, services and citizenship to slum dwellers.” 
Odbert and Mulligan (2015) show that slum-upgrading programs 
have historically been focused on housing and single-sectoral 
interventions that ignores existing infrastructural, economic, and 
social networks. Even those approaches deemed as “participatory 
slum upgrading” have historically focused on improvements to 
infrastructure and housing, with limited focus on livelihoods (UN-
Habitat, 2018) and with limited consideration of how to transition to 
a climate-resilient and sustainable model of development 
(Satterthwaite, 2011). Infrastructure provision is critical in these 
upgrading transitions in that it often incapsulates the development 
ideology i.e. “uniform service” or “post-networked” as well as 
defining the spatial development model i.e. “sites and services” or 
“raze and replace”. This in turn can lock in rigid and unsustainable 
pathways for modes of resource consumption and adaptation to 
climate change (climate change and resilience is discussed further in 
Section 2.3).  

Some of the commonly noted benefits and constraints within these 
two perspectives are summarised in Figure 1 which positions 
different typologies of infrastructure - decentralised (resident-
managed), hybrid (mix of formal and informal) and centralised (top-
down) across different spatial scales in the context of informal 
neighbourhoods.  



15  Research Context 

 
 

 

Figure 1 – Common benefits and constraints of 
emergent versus typical government type infrastructure 

projects. 

The fundamental objectives of urban transition that are considered 
as a baseline objective for policy and practice in this research include 
the twin goals of a) meeting basic rights and needs of city residents 
and b) creating pathways for development that can be sustained 
within planetary environmental limits and capacities. This fits 
conceptually within the classic definition of sustainable development 
from Brundtland (1987) that marries human and environmental 
goals across generations, and with latter conceptions from for 
example Raworth (2012) that go on to use the SDGs as a reference 
point for a social foundation for development (Raworth, 2017) 
framed by an ecological ceiling defined by the planetary boundaries 
framework (Steffen et al., 2015).  

2.3 Resilience and Climate Change  

The issues of equity and justice with respect to service provision as 
outlined above have a parallel with the environmental and climate 
injustices that are currently experienced by low-income residents of 
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underserved neighbourhoods, and that will be experienced in the 
future. 

Researchers and practitioners see Sub-Saharan Africa’s rapid 
urbanisation as an opportunity to plan and manage for more resilient 
and sustainable towns and cities, though urban decision makers and 
risk managers need better information on urban risks and more 
concerted action at the local level (UN-Habitat, 2020). Although the 
rate of change is still uncertain, almost all results for East Africa 
point to an increase in mean precipitation rates and in the intensity 
of high-rainfall events (Ongoma et al., 2018; Herring et al., 2019; 
Gebrechorkos et al, 2019), increasing the likelihood of flash flooding 
and overloading of drainage systems. Poor urban areas are 
consistently located along natural drainage paths and high flood-risk 
areas in rapidly urbanising cities (Parikh et al., 2012). While 70 
percent of high-income countries integrate land use with the 
management of natural-hazard risk, only about 15 percent of low-
income countries do so (World Bank, 2012). Urban green spaces and 
ecosystems in Africa are rarely prioritised in planning and 
development processes, and are disappearing at unprecedented rates 
(Mensah, 2014). Without appropriate planning and mitigation 
growing urban populations are more vulnerable to disasters of all 
types and scales (UN-Habitat, 2020). This leads to an accumulation 
of risks that pose threats to both poverty reduction and sustainable 
development (Leck et al., 2018).  

Conceptions of resilience are varied and can be grouped in various 
ways including, according to Sanchez-Rodriguez (2018), disaster-risk, 
climate, ecological, social-ecological, evolutionary “built-in”, and 
engineering resilience. When viewed from the perspective of climate 
change adaptation the defining quality of resilience can be the intent 
to maintain functional integrity (Pelling, 2010). Ziervogel et al (2017) 
argue that in African cities a focusing on justice and the rights of 
urban citizens, rather than physical and ecological infrastructures, 
may help to address many of the root causes that characterize the 
unacceptable risks that urban residents face on a daily basis. Borie et 



17  Research Context 

 
 

al. (2019) raise the important issue that conceptions of resilience are 
not necessarily consensual, and that a range of narratives with 
diverse socio-material implications exists. This is particularly 
important with respect to low-income and informal areas where large 
power differentials continue to exist between residents, and those 
who might be seeking to define resilience, e.g., government, 
development actors and/or researchers.  

A detailed exploration of the different characterisations of resilience 
is beyond the scope of this thesis, though there are clear connections 
to socio-ecological concerns (the co-existence of rivers and people), 
disaster-risk (flood adaptation), and civil engineering (structural 
solutions to flood and wastewater management). In the disaster-risk 
world researchers argue that resilience building needs to address the 
full spectrum of urban risk, encompassing ‘extensive risk’ (everyday 
hazards and small disasters), as well as ‘intensive risk’ (large-scale 
disasters) (Satterthwaite and Bartlett, 2017; UN-Habitat, 2020). This 
is an important concept in this thesis, since the research explores 
differences between localised “everyday” flood-risk and larger scale 
riverine flooding, as well as how small-scale social and physical 
infrastructure can contribute to a reduction in multiple risks.  

2.4 Flood Risk Management and Urban Drainage  

Floods are the most frequent of all disasters (Jha et al., 2012; Salami 
et al., 2017). As urbanisation continues apace, and uncertainty in 
rainfall events driven by climate change increases, a growing 
proportion of the economies and populations of those cities and 
countries will be placed at risk (Bicknell et al., 2009; Jha et al., 2012). 
There is an urgent need to move from response to an integrated and 
proactive approach to flood risk management in rapidly urbanising 
areas (Jha et al., 2012), including Kenya (Douglas, 2017), where 
much of this thesis is set. 

Flood Risk Management (FRM) comprises the “continuous and 
holistic societal analysis, assessment and mitigation of flood risk” 
(Schanze, 2006). Four out of the six papers (II, III, V, VI) in this 
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thesis consider aspects of FRM in the informal settlement of Kibera. 
The effective management of storm and wastewater drainage - which 
together make up urban drainage (Butler and Davies, 2000) -  is 
especially important in informal areas because of high flood 
exposure and public health impacts (Reed, 2004; Armitage, 2011), 
though a lack of clear governance or municipal responsibility 
presents a major challenge (Mguni et al., 2015; Douglas, 2016; Du 
Toit et al., 2018). The public health implications of poor storm and 
wastewater management require that upgrading drainage systems is 
fundamental to any serious effort to improve wellbeing in informal 
settlements (Armitage, 2011; Charlesworth et al., 2017). However, 
the high density of structures, lack of open space, ambiguous legal 
status, complex social and political dynamics, and limited available 
resources present major challenges to the development of robust and 
resilient drainage systems (Pegram et al., 1999). The key functions 
and challenges of urban drainage systems in an informal context as 
compared to a textbook conception of urban drainage infrastructure 
are described in Figure 2.  

Charlesworth et al. (2017) make an explicit connection between 
stormwater and wastewater drainage in “challenged environments” 
(informal settlements and refugee camps) and argue for considering 
drainage alongside the traditional Water, Sanitation, and Hygiene 
(WASH) programs to create “WASH’D”. Urban drainage also 
requires different technological choices as well as governance 
models. Using nature-based solutions and “green infrastructure” 
(GI) may represent a potential strategic approach for cities in sSA to 
address not only flood risk management but also multiple 
dimensions of urban sustainability including social cohesion, urban 
heat island reduction, and income-generation (Mguni et al., 2016; Du 
Toit et al., 2018).   

Baker (2012 p134) recognizes a major gap in existing literature as 
“limited documentation of practical examples of best practices in 
climate change adaptation for the urban poor”. In the urban context 
in Kenya, there are very limited examples of proactive FRM that 
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engage the citizenry (Douglas et al., 2008; Olang et al., 2012; Bernard 
et al, 2020). This is manifested most starkly in the ‘participation gap’ 
and mistrust between local authorities and residents of informal and 
riverine areas in Nairobi connected to what Kimari (2020) describes 
as an “urban planning of force and neglect” that traces back to 
colonial planning and settlement. 

In neighbourhoods such as Kibera, measures to reduce local risk to 
flooding are hence often taken at the household level (rented by 
individuals or families), the compound level (clusters of households 
usually managed by a ‘landlord’) and the community level 
(community-based organisations or traditional hierarchies present in 
the settlement). Hence FRM and urban drainage management 
present an informative area of investigation for the intersection of 
different models of technological, and governance approaches for 
climate-resilient infrastructure investment.  

 

Figure 2 – urban drainage and interfaces with the 
public and environment in a conventional system and 

in the context of urban informal settlements 
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2.5 Participatory Design and Planning  

Participation of different actors in decision-making is of critical 
importance because the associated rules and patterns affect decision 
efficiency, decision outcomes, and decision acceptance (March, 
1994). Classic formulations in the planning literature such as 
Arnstein’s (1967) ladder highlight different “levels” of participation 
encompassing approaches which seek to increase acceptance of 
plans and decisions, through tokenistic processes of public 
engagement, up to a level of involvement in co-design and key 
decision-making where affected peoples have power, agency, and 
responsibility. This has gone on to inform subsequent definitions of 
participatory planning that consider genuine participation as a 
process of developing a community’s capacities to identify its needs 
and then to generate proposals and initiatives which defend its 
interests (Lefevre, 2000; du Vos et al., 2011). 

In the context of development-aid, finance, and humanitarian 
assistance, the importance of participation of a wider set of actors 
and beneficiaries was brought to the forefront of investment efforts 
in the 1980s and 90s as a response to perceived failures of historical 
top-down approaches (Cooke and Kothari, 2011). Participatory 
development has many working definitions; in general, it can be 
considered to encompass development that incorporates input from 
targeted beneficiaries, particularly regarding participation in decision-
making, financing, implementation (through manual labour), data 
collection, and knowledge generation (ibid). 

However, the participatory development movement which emerged 
in the same period has received significant criticism. There was 
limited evidence of the effectiveness of participation in changing 
outcomes, with some arguing that it was in fact an ideology which 
reinforced existing power structures rather than challenging them 
(Cooke and Kothari, 2011). It has also been difficult to build robust 
evidence since each project and decision-making context varies so 
widely, with choices about design and decision-making processes 
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also correlated with other factors, including which agencies 
implement the project and the socio-political environment in which 
the project is implemented (Tompsett, 2014). While ad hoc or one-
off citizen engagement initiatives can make a difference, the 
experience of organisations such as the World Bank suggests that the 
impact is greatest and most sustainable when the processes 
associated with such initiatives are institutionalized (see Manroth et 
al., 2014).   

In the specific context of underserved neighbourhoods, a heightened 
awareness of power and access deficiencies means that many 
advocate for an enhanced focus on the integration of knowledge 
systems related to residents’ specific experience of place, 
environment, and social networks and for promoting the decision-
making agency of residents in development processes. Knowledge 
systems can be viewed as networks of actors connected through 
formal, and informal, social relationships that dynamically combine 
‘doing, learning, and knowing’ (van Kerkhoff and Szlezák, 2010) 
Therefore, local knowledge is produced in a context of power 
relations and is not equally distributed, and where some knowledge is 
considered the domain of specialists or persons of specific positions 
and/or gender (Cash et al., 2003). Hence representation is a 
challenge, and careful consideration is needed about whom is 
considered the spokesperson(s) for local knowledge systems, how 
they are appointed, and what forms of representation are allowed 
for, and enabled, in science-policy processes (Voß and Basil 
Bornemann, 2010).   

Movements of residents’ organisations which have evolved into 
international advocacy and action networks, such as Slum Dwellers 
International, operate on a simple principle: who is better qualified 
and equipped to speak for the poor than the poor themselves? (Patel 
et al., 2001). This extends to the interaction between “experts” and 
residents -  Sheela Patel, a founder of Slum Dwellers International,  
stated in a conference on 22nd May 2018: ‘When a woman in the 
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slum feels like she can hold a professional to account, then we have 
progress’.  

Having residents and technical experts in the same room, with the 
implications for planning and infrastructure design, is a central 
scenario realised and explored in the delivery of this research. Terms 
regularly used to describe the projects and planning processes 
studied throughout the research include participation in decision-
making (Papers I and VI), resident knowledge (Paper II), meaningful 
consultation (Paper III), inclusive participation of diverse 
stakeholders (Paper IV), participatory planning (Paper V) and co-
design (Paper VI). There is a delineation in spatial and procedural 
scale between the cases considering stand-alone projects (more often 
referring to co-design) and those considering larger scale 
infrastructure and upgrading planning projects (more often referring 
to participatory planning).  

Overall, the focus in the thesis is on a re-distribution of power in 
decision-making and a sharing and valuing of different forms of 
knowledge and expertise. A transdisciplinary approach, i.e. one 
which overtly seeks to transcend or transform existing disciplinary 
structures and techniques of intervention to produce new orders of 
knowledge and intelligibility (Barry and Born, 2014), is therefore 
considered an appropriate choice of methodological approach for 
this research. 
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3. Methods 

3.1 Methodological Approach 

There is emerging agreement that sustainability challenges require 
new ways of knowledge production and decision-making (Lang et al., 
2012).  Bringing together indigenous and local knowledge systems 
with scientific knowledge systems is vital to enhance knowledge, 
practice and ethics to move towards sustainability at multiple scales 
(Tengo et al., 2017). Transdisciplinary, community-based, interactive 
or participatory research approaches are often suggested as 
appropriate means to meet both the requirements posed by real-
world problems as well as the goals of sustainability science as a 
transformational scientific field (Lang et al., 2012). A key aim of 
transdisciplinary research is for actors from science, policy and 
practice to co-evolve their understanding of a sustainability issue, 
reconcile their diverse perspectives and co-produce appropriate 
knowledge to serve a common purpose (Roux et al., 2017).  

The approach taken throughout this research has been to proactively 
engage with diverse perspectives and authorship from academia, 
practice, as well as with residents and local government 
representatives. All papers in this thesis are co-authored with both 
academics and practitioners. Co-authors come from a range of 
practitioner disciplines (architecture, planning, engineering, 
community organising), and academic backgrounds (economics, 
engineering, sustainability science). Practitioners involved as co-
authors in this research are often working with communities in the 
types of underserved neighbourhoods that are the subject of the 
research. Scientists involved as co-authors include those with a 
natural science background (hydrologists and engineers) and social 
and cultural sciences background (economists, geographers, political 
scientists). Local knowledge in the form of resident knowledge is 
integrated in the research process in a number of ways: in problem 
formulation, in data collection, in discussion and application of 
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results, and in co-authorship. The co-authorship of the papers in this 
thesis is summarised in Table 1. 

The intention has been to co-develop an understanding of the 
societal and scientific problems, activate the best knowledge 
available, and to develop mutual learning through a process of 
knowledge creation. Though each paper does not overtly classify 
itself as Transdisciplinary Research (TDR) the approach and 
methods (in particular for Papers II-VI) are consistent with the TDR 
research approach described by e.g. Lang et al. (2012) and Barry and 
Born (2014).  

 

socio-
political 

practitioner 
(working in 

context) 

techno-
policy 

practitioner 
(working in 

context) 
 

socio-
political 

academia 

techno-
policy 

academia 

academia in 
low- and 
middle-
income 

countries 

academia in 
higher 
income 

countries 

I 
 

x 
 

x 
 

x 

II x x 
   

x 

III x 
 

x 
  

x 

IV x x x x x x 

V 
 

x 
  

x x 

VI 
 

x 
 

x 
 

x 

Table 1 – overview of academic and practitioner 
disciplinary background of co-authors. 

3.2 Overview of Methods and Analysis 

The research combines both qualitative and quantitative methods - 
using a mixed methods approach. The overall purpose and central 
premise of mixed methods studies is that the use of quantitative and 
qualitative approaches in combination provides a better 
understanding of research problems and complex phenomena than 
either approach alone (Creswell and Plano Clark, 2007). Paper II 
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presents an example of this research approach which deploys an 
extensive household survey that enables a quantification of 
household flooding and adaptation measures in the sampled areas; 
this is complemented and enhanced by focus group discussions with 
residents, transect walks, and photography surveys that document 
and elucidate the adaptation measures. Analysis of the quantitative 
data collected uses Excel based analysis to produce simple statistics 
from the household surveys. 

 Table 2 give an overview of the key methods deployed in this thesis.  

 

 

 

Table 2: Overview of the key methods deployed in this 
thesis. 

 

 

 
Qualitative Quantitative 

 
Case 

Studies 
Online 
Survey 

Field 
Observa

tion 

Semi-
Structur

ed 
Intervie

ws 

Focus 
Group 

Discussi
ons 

(FGDs) 

Stakehol
der 

Analysis 

Househ
old 

Survey 
(Panel) 

GIS 

I x  x   x  
 

II x  x x  x x x 

III x  x x x x  x 

IV x       
 

V x  x x  x  x 

VI x x x x  x  x 
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The methods and data analysis are described in more detail in each 
of the papers. The case study methodology is discussed in more 
detail below since all of the research employs this method, using the 
other quantitative and qualitative methods to illustrate the cases. 

Case Studies 

Case studies are used in all of the papers. The case study approach 
allows in-depth, multi-faceted explorations of complex issues in their 
real-life settings (Crowe et al, 2011). It is an established research 
design that is used extensively in a wide variety of disciplines, 
particularly in the social sciences (ibid). Case studies are selected 
based on either a specific interest in the case or to illustrate a specific 
purpose (Johansson, 2003). They can be distinguished between 
critical cases, extreme/unique cases, representative/typical cases, 
revelatory cases and longitudinal cases (Yin, 2009).  

Bulkely (2006) shows that strategies to implement urban 
sustainability often rest on the development of exemplar projects 
from which lessons can be learned and applied, within the urban 
arena, or transferred between cities. The cases in this thesis are not 
necessarily seen as exemplar, but they do add new, grounded 
evidence in a complex setting. Several parts of this thesis use cases 
from the low-income and flood-exposed neighbourhood of Kibera, 
in Nairobi, Kenya (i.e. Papers II, III, V, VI). Kibera, as many large 
neighbourhoods, is heterogenous in physical characteristics, 
demographic make-up, income levels, access to services, and political 
affiliations. At the same time Kibera has a unique history connected 
to its settlement by veteran Nubi soldiers from the Kings African 
Rifles in 1911, themselves originating from areas of the southern 
Sudan and further afield, and whose story is tied to the institutions 
of slavery, British colonial expansion, and military service (Parsons, 
1997).  Despite being ethnically heterogenous today Kibera is still 
recognized as the social and political centre of the Kenya’s Sudanese, 
or Nubi, community (ibid).  
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As such, lessons drawn from the research will have particular 
relevance to Kibera and its unique place in the wider city of Nairobi, 
as well as to particular “villages” (sub-areas) of the settlement. At the 
same time, some of the conditions found, i.e. confluence of poverty, 
flood-risk, and vulnerability to climate risks, may be relevant or 
comparable to other rapidly urbanising low-income neighbourhoods 
in Nairobi, as well as to other rapidly urbanising cities in Africa or in 
other regions. 

Photo 1 serves as an illustration of just some of the physical 
challenges faced in the settlement including encroachment in the 
riparian zone, lack of solid waste management, illegal water 
connections affected by flooding, and inadequate pedestrian access.   

 

 

Photo 1 – Looking upstream on the Ngong River in 
Lindi village following the heavy rainfall of May 17th 

2019. Photographer: Pascal Kipkemboi 
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Papers II and VI investigate and assess a series of “emergent” and 
civil society-led infrastructure programmes which were implemented, 
or are in the process of being implemented. Paper II combines 
household survey data with field observations to add context to the 
cases considered. Paper VI analyses several different cases through 
the same structure, using the survey, and in interviews following a 
multiple case study methodology (after Yin, 2009). These cases can 
be considered as “revelatory cases” (ibid) in that they add evidence 
on the benefits and limitations of civil society led and managed 
infrastructures in a context where there has been fairly limited in-
depth research (Baker, 2012).  

A second set of papers (III and V) also consider cases of 
infrastructure planning in Kibera, but with less focus on the hyper-
local scale. Paper II employs multiple interviews and Focus Group 
Discussions (FGDs) to triangulate perspectives on the impacts of 
three government-led upgrading projects on social cohesion and 
social contract, while Paper V uses a novel theoretical framework to 
assess a specific case of a planning process for flood risk 
management. 

The remaining papers (I and IV) are focused not on urban informal 
areas in particular but consider the theory and practice of planning in 
a broader global context, albeit at different spatial scales. Paper I 
considers the need for the integration of local resident knowledge 
alongside technical knowledge in hyper-local infrastructure projects 
worldwide (using two hypothetical cases in different geographical 
and cultural contexts – Nigeria and Bangladesh - to illustrate the 
theoretical model development), while Paper IV considers the 
integration of multiple disciplines to provide flexibility and hybridity 
of infrastructure design for projects, neighbourhoods, and cities 
(using multiple unique cases from various cities).  

Distinctions between the location of the cases and the different 
spatial scales in the different papers is shown in Figure 3.  
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Figure 3 - Geographic and spatial scale of cases and 
papers, and their infrastructural focus (on flooding and 

urban drainage, or otherwise).  

3.3 Methodological Reflection: Author’s status with respect to 
the research 

“The qualitative researcher’s perspective is perhaps a paradoxical one: it is to be 
acutely tuned-in to the experiences and meaning systems of others—to indwell—
and at the same time to be aware of how one’s own biases and preconceptions may 
be influencing what one is trying to understand.” (Maykut and Morehouse, 
1994, p. 123) 

Alongside the exploration of transdisciplinary approaches is the need 
to explore my own position with regards to the research and actors 
involved. As Dwyer and Buckle (2009) and others observe the 
intimacy of qualitative research no longer allows us to remain true 
outsiders to the experience under study and, because of our role as 
researchers, it does not qualify us as complete insiders. As 
researchers we have to figure out how to occupy the space between 
and to consider the costs and benefits this status affords. 

A number of case studies included in this thesis (Papers II, III, V 
and VI) are set in the Kibera neighbourhood of Nairobi where I 
have been working in a professional context for over 10 years. The 
organisation that I am currently employed by (KDI) has been a 
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research partner on the Kibera focused papers. Many of the 
questions and cases raised in the research are informed from a 
position of “participant-observer” in activities related to the 
development of public space, infrastructure, and services with 
various actors including residents, civil society and local government.   

Hence my own position with relation to the research has several 
levels of interaction. Firstly, I could be considered an “insider” to the 
processes of development of infrastructure that are described in the 
Kibera cases. I also have first-hand experience of working with 
residents of Kibera on joint projects, though I am an outsider when 
it comes to the lived experience of being a Kibera resident and in 
relation to the knowledge systems integral to Kibera life.  

There is potential research value in this professional and social 
proximity in terms of improving anecdotal understanding of 
contextual issues and questions related to the research. On the other 
hand, the risk of this proximity to the subject of the research is 
confirmation bias (in terms of using respondents’ information to 
confirm previously held beliefs) and a lack of objectivity which could 
stem from the activist and advocacy nature of the work with KDI.  
Following Asselin (2003) the approach has been to gather data with 
my “eyes open”, to be aware of and to account for biases, and to 
attempt to assume that I know nothing about the phenomenon 
being studied.  

The objective of controlling for bias and creating an objective 
viewpoint has informed some of the methodological choices in the 
research. A summary of measures taken to control for bias in the 
elaboration of the research are as follows:   

i. Conducting research reviewed and approved by research 
bodies (and from funding sources) independent to KDI (all 
papers). 

ii. Using conceptual frameworks established in independent 
literature for analysis of data (Paper V and VI). 
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iii. Using independently established questionnaires to avoid 
question order bias (Papers II and VI). 

iv. In research delivered by KDI reducing sponsor bias in 
respondents by undertaking extensive household surveys 
with residents not affiliated with KDI projects or 
beneficiaries (Paper II) and undertaking interviews with 
designers not employed by KDI (Paper VI).     

v. Co-authorship and design of survey and data collection 
with researchers not directly associated with KDI (Paper 
III and V). 

vi. Interviews with civil society and governmental actors who 
are not associated with KDI projects or programmes 
(Papers II and III). 

vii. Inclusion of direct quotations from interviewees to avoid 
working bias (Paper VI). 

Cultural bias (specifically as an outsider to Kibera and Kenya) 
was/were also considered in the approach to the research, in 
particular by authoring the work with co-researchers from Kenyan 
research institutions (Papers V), as well as with practitioners from 
Nairobi (Papers II, III and V) and with residents of Kibera (Paper 
II). Data collection and interpretation of all of the Kibera based 
papers were undertaken with Kibera residents, and community 
workers often hailing from Kibera neighbourhoods. 

The delivery of this work has also led me to question and seek to 
understand my own privileged position, as both a practitioner who 
has had the opportunity to work in partnership with residents and as 
a researcher from a European country studying questions of 
urbanisation in an African country. This is explored further in the 
Discussion section.  
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4. Results 

Results are organised according to the research questions detailed in 
Section 1:  

1. How can multi-stakeholder involvement in infrastructure 
design and planning support transition to more sustainable 
pathways in underserved and climate-threatened 
neighbourhoods? 

2. Which planning tools can improve flood risk management 
and urban drainage for underserved and climate-threatened 
neighbourhoods?  

3. How can emergent urban drainage management practices 
from underserved and climate-threatened neighbourhoods 
influence future infrastructure systems? 
 

4.1 Multi-stakeholder involvement for sustainable urban 
transition 

All six of the papers in this thesis study aspects of multi-stakeholder 
engagement in infrastructure design and planning. They consider the 
mechanics and outcomes of different participatory processes in the 
resulting urban development projects and the implications for 
models of urban transition.  

Paper IV focuses on the integration of practitioner and professional 
disciplines for socially and ecologically resilient urban development. 
It advocates for moving away from a command and control type of 
planning to create flexibility in design of infrastructure to adapt to a 
rapidly changing climate and urban landscape. The involvement of 
more diverse disciplines (beyond traditional planning and 
engineering approaches), such as urban designers, landscape 
architects and ecologists, is seen as an important structural factor to 
achieve this flexibility. The cases described demonstrate how a 
broadening of the professional disciplines involved can both lead to 
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flexibility in design and outcomes, and give examples of how multi-
functionality and adaptability to future and unintended uses can be 
built-in. Paper IV also recognises the importance of local and 
situated knowledge for creating more flexible systems. It puts 
forward the case of for considering neighbourhoods like Kibera as 
“precious pools of applied design thinking”, where residents utilise 
“infrastructure elements to serve multiple (and often unrelated) 
functions that address context-specific challenges” (page 9). Overall, 
these present “unique opportunities for new urban development 
structures and innovations that harness the social, economic and 
political capital of informal residents” (page 9). The paper also 
acknowledges that at larger scales, “top-down” and “expert” inputs 
become necessary to meet and enable “bottom-up” and 
“participatory” systems (page 6).  

The other five papers in the thesis explore further the question of 
how to achieve integration of technical and local knowledge towards 
sustainable outcomes. Paper I makes the argument that citizen 
engagement in decision-making on infrastructure projects at the 
small scale can increase responsiveness to people’s needs, improve 
the delivery of goods and services and strengthen the capacity of 
communities to carry out future, self-initiated projects. It also 
reaffirms that technical knowledge (in this case embodied by that of 
an engineer) is a pre-requisite for the development of robust 
infrastructure, and that participation has to be structured to enhance 
and supplement the role of technical inputs. The result is a 
theoretical model of a decision-making structure and process with 
practical applications that maintains real agency both for community 
and for technical design inputs. Although Paper I does not discuss 
urban development cases in detail, the considerations for the 
integration of local and technical knowledge are of relevance in the 
urban context and are explored in more detail in the other four 
papers (II, III, V, VI); all of these consider different cases of 
infrastructure development in the Kibera neighbourhood.  
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Papers II and VI study the potential and limitations of pairing local 
knowledge on climate risk with technical and design knowledge to 
create decentralised and hybrid water management and governance 
systems. Paper II develops a theoretical model of how this could 
ideally work for flood adaptation projects in a way that navigates the 
constraints of both local and top-down approaches. Paper VI studies 
built and operational projects for storm and wastewater management 
to understand how they were developed and sustained. Both papers 
have an explicit focus on how these local and decentralised models 
can intersect with municipal grid and governance systems and what 
the implications are for larger scale transitions.  

Both Papers II and VI show the value of local or situated knowledge 
in improving project outcomes and sustainability. Paper II presents 
evidence on how women are “first responders” and agents of change 
in the settlement, suggesting they should play a more central role in 
initiatives to improve preparedness and response, as well as in 
building resilience in the longer term. Paper VI shows how local 
knowledge on diverse aspects relevant to water infrastructure 
development were important in project design for delivering and 
sustaining local water management projects. Examples of local 
knowledge highlighted in the research include local knowledge about 
climate hazards, social aspects of risk (security), tree and plant types 
and maintenance, and historical flooding experiences. Paper VI also 
finds that engineers and community development practitioners (as 
well as landscape designers with a knowledge of planting) are critical 
contributors in delivering water management systems that perform 
on social, ecological, and technical dimensions, as well as on the level 
of community acceptance and support. Illustrating the importance of 
civil engineering design inputs, Paper II provides examples of how 
resident efforts, without technical and financial resources, can lead to 
“mal-adaptations” (e.g., the case of locally built gabions that 
exacerbate flood risk downstream).   

Paper II and Paper VI demonstrate cases of where engagement of 
residents in upstream stages of the decision-making process of 



35   Results 
 
 

 
 

NGO-initiated projects leads to more responsive solutions to local 
conditions (e.g., scaling and formalising physical adaptations that 
communities are already practising) and increased buy-in from 
residents in terms of ongoing management and responsibility for the 
projects. Indeed, the duration and ongoing management of the ten 
projects studied in Paper VI by resident groups (over a decade in 
some cases), in the context of an informal neighbourhood such as 
Kibera, suggest that the projects respond to the needs and priorities 
of residents.  

Paper III studies three cases of larger-scale government-led slum 
upgrading initiatives in Kibera between 2002 and 2016. This is an 
important counter-perspective to the bottom-up models considered 
in the rest of the thesis. Paper II presents the pros and cons of three 
specific upgrading projects from a social cohesion perspective and 
draws conclusions about how upgrading processes can maintain and 
build social networks and citizenship. The difference in upgrading 
approach between a “raze and replace” model versus a “sites and 
services” approach is reflected in the spatial configurations of 
infrastructure and how it relates (or not) to the existing urban form. 
“Sites and services”, (such as the National Youth Service (NYS) 
project in the context of Paper III), or incremental upgrading 
approaches follow existing settlement patterns, while “raze and 
replace”, (such as the Kenya Slum Upgrading (KENSUP) project 
also in Paper III) creates new grids through which the new 
networked infrastructures pass. Figure 4 demonstrates the two-
dimensional spatial patterns of these different approaches.  
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Figure 4 Two-dimensional spatial patterns of slum upgrading projects studied 
from Paper III (at time of study). Mapping: Joe Mulligan. Pascal Kipkemboi, 

Amos Wandera. 
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The first housing and infrastructure project (KENSUP) that was 
studied in the research Paper III failed to provide basic information 
to stakeholders or to deliver a transparent enumeration of 
beneficiaries (according to multiple perspectives of residents, 
government and development organisations). The results were a 
significantly delayed implementation timeframe. In addition, the 
stated beneficiaries did not consistently get access to the improved 
housing or infrastructure (with strong evidence that this was linked 
to the engagement strategy). In the second project, citizen-
engagement was deemed a success by residents, but a lack of 
technical and design input on the upgrading project led to sub-
optimal social and physical infrastructure.  This included limited 
consideration of pedestrian access, limited integration with other 
road and transport projects, and security and flood-risk issues (see 
Photo 2).  

 

Photo 2 – The Railway Housing Project in Kibera. 
Photo: Joe Mulligan. 
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Analysis of perspectives on the third project, that in concept aimed 
to integrate multiple physical and social infrastructures, as well as 
incorporating local and “informal” community organisations in the 
governance of these systems, was more positive and points towards 
potential models for inspiring an integrative agenda. Within that 
project there was, however, a salient reminder of the implications of 
a lack of robust planning and engineering design: the failure of a 
public sewerage system with significant negative public health 
implications. 

A focus on the importance of decision-making rules and structures 
as a means of enabling activation and agency of diverse actors is 
explored further in Paper V which studies multi-stakeholder 
participation, not in terms of delivering a physical project but in the 
development of a flood modelling tool (often used in infrastructure 
planning processes). The results show how a process of engagement 
of multiple stakeholders in what is traditionally a top-down exercise 
can be organised and also critiqued using a novel theoretical model. 
The paper takes the analytical model for participatory flood 
modelling developed by Basco-Carerra et al. (2017) and applies it to 
different stages of the modelling process to demonstrate the 
participation journey of the various stakeholder groups – included 
here as Figure 5. The paper concludes that the earlier that diverse 
stakeholders can be involved in these types of traditionally “expert”-
led processes, the better the chance of co-producing new knowledge 
and of creating implementable plans and policies. At the same time, 
delivering ‘co-design’ of modelling processes in areas of limited co-
operation requires a strong vision for participation, a tolerance for 
contention, a willingness to learn between actors and a budget to 
support additional time inputs. 

From a municipal planning perspective, the results show the need 
for increasing engagement on two axes:  firstly, with increased 
engagement of residents, ideally in decision-making, and secondly, in 
increasing inter and trans-disciplinary work amongst professional 
disciplines. The first aspect increases local responsiveness and buy-
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in, and the second brings in specific knowledge of local risks and 
social (and ecological systems) that have been missing historically. A 
further finding is that resident and civil society led service provision 
is not necessarily incompatible with municipal infrastructure 
provision, although there has to be an openness from both sides to 
that possibility. A consequence would be more time and resource 
required during design and planning stages, if municipal programmes 
are to not only engage residents but to accommodate 
experimentation in bottom-up and decentralised infrastructure 
delivery. This is a significant consideration highlighted in the findings 
in Paper V in the context of cash-strapped municipalities that are 
struggling to build basic capacity and processes.  

From these cases and findings a number of factors are identified that 
could inform an approach to more inclusive infrastructure that 
improves responsiveness to local conditions and experience and also 
provides pathways to scale. These factors are summarised in Figure 6 
which provides a simplified model of inclusive infrastructure that 
builds on the results and discussion and navigates some of the 
constraints and limitations that are introduced in the thesis.  
Inclusive infrastructure requires listening to local priorities, and 
building on them, mobilising local knowledge and local data 
regarding risk, and ensuring reliable and equitable access to basic 
services. At the same time, if emergent models that do respond to 
local needs are to be scaled or replicated, further evidence is needed 
in terms of cost and technical and social aspects of performance as 
well as models for code and adoption pathways. It is hard for 
municipal actors to be open and encouraging of experimentation and 
innovation unless they can understand the metrics of performance 
that are relevant to their bottom line: meeting basic needs and 
expanding services, addressing environmental performance and 
managing cost. 
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4.2 Planning strategies for flood risk management in climate-
threatened neighbourhoods 

Four of the papers in this thesis (II, III, V, and VI) are concerned 
with planning tools for flood risk management (FRM) in 
underserved and climate-threatened neighbourhoods. Literature 
from the papers, and evidence from the case studies in Kibera, show 
how the confluence of climate and urbanisation changes in natural 
drainage pathways is a critical issue for environmental justice and 
environmental planning. FRM in the context of urban areas is 
instructive in multi-scalar considerations of infrastructure 
development, because it involves significant localised impacts on 
vulnerable populations, but requires much larger (watershed-scale) 
technical analysis and infrastructural planning. As surmised from the 
review of literature in Paper V, grounded research on the challenges 
and tools for harnessing local knowledge within technical planning 
processes for FRM in the specific context of low-income and 
informal areas is currently very limited.  

All the papers concerned with aspects of FRM (Papers II, III, V and 
VI) show the need to address this issue from three angles: i) local 
experiences and knowledge about flooding, ii) engagement from 
governmental actors in the issues of informal neighbourhood, as well 
as iii) a watershed level technical understanding of flood risk. The 
literature in Papers II and V show how further data and mapping of 
climate-affected areas is required in regions where information has 
been limited (in particular in low-income and informal areas). Papers 
III and V highlight the contradictions between environmental 
regulation in Kenya and the physical and social realities of planning 
for river rehabilitation, with an emphasis on the disproportionate 
effect of flooding on the urban poor. (Paper II reports that 50 
percent of a sample of 963 residents from across riparian and non-
riparian areas reported flooding of their dwellings in the long rains of 
March–April–May 2015).  
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In the sectors of Disaster Risk Management (DRM) and FRM in 
Kenya, governmental responses have been limited and retroactive, 
particularly in the informal context. Data presented in Paper II 
shows that only six (out of 963) of the residents interviewed in the 
course of the research reported any engagement in local authority 
exercises related to flooding preparation or response. In government 
slum upgrading initiatives studied in Paper III, the lack of 
understanding of flood risk was highlighted as a gap in the 
government-led projects that caused specific problems to sewerage, 
road, and housing projects. Critical review of these processes leads 
to the conclusion that these impacts could have been mitigated 
through both citizen engagement (to understand the significance of 
this hazard) and a more technically rigorous approach to flood risk 
management (to quantify the effects and consider them in design). In 
short, governmental slum upgrading interventions need to use more 
nuanced planning processes to take into account social networks, 
urban risk and ecological systems. 

Computer modelling as a technical planning tool for FRM in 
climate-threatened neighbourhoods is introduced as a concept and a 
need in Paper II, and studied in detail via analysis of an implemented 
project in Paper V. Paper V analyses a case study on the integration 
of the historically top-down modelling process (and resulting 
planning tools) with local knowledge and decision-making. The case 
provides evidence, in this one instance, that the active engagement of 
residents and civil society organisations in the data collection and the 
development of options within the modelling process led to a better 
understanding and acceptance of proposed interventions. Results 
also demonstrate how flood extent information was readily 
understood at the various governmental levels from both political 
and technical staff. This suggests that modelling is a good entry point 
for macro-planning discussions on river rehabilitation and has 
potential to facilitate collaboration on the thornier issues of 
contested land and acceptable levels of risk. The first point may 
seem obvious, but the lack of modelling in the urban context shows 



44   Results 
 

 
 

 
 

how there is a need to introduce modelling as a planning tool within 
the mainstream of municipal planning practice in Kenya.  

The cases in Papers II and V, which include engagement with 
government departments in Nairobi, show that conceptualisation of 
the watershed and its value, i.e. in terms of river system ecological 
function, and economic value, i.e. in terms of real estate, are 
understood.  The scale of the issues that informal areas present is 
also recognised, along with an understanding that there is a lack of 
tools to address this complex urban context. The research re-iterates 
that there is an opportunity, nevertheless, to integrate and layer these 
networked infrastructures adjacent to the rivers and tributaries of 
low-income settlements to support access, public space, river 
remediation, and basic services to the urban poor. 

These results are concerned mainly with how to develop and use 
conventional modelling and related planning processes in the 
informal context for infrastructure, FRM and DRM planning. The 
research also highlights the important role of technically literate 
intermediary organisations to enable effective participation and 
bridge the gap between the formal city and informal 
neighbourhoods. This finding is framed within a wider case for 
increased capacity within municipal and national structures to 
develop and apply internally similar types of tools (e.g., participatory 
modelling), or to better scope services to engage local technical 
consultants and non-governmental partners.  

4.3 Emergent urban drainage infrastructure practices  

Papers II and VI highlight how the successful elaboration of 
participatory processes at the local scale can demonstrate to state 
actors new methods of engagement that could help mediate the 
common resistance to projects initiated from outside the 
neighbourhood. Paper IV presents multiple cases from across the 
globe of how these local innovations can inspire larger change, given 
the right political conditions. The conclusions from all of the papers 
dealing with emergent practices are consistent in pointing towards 
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the need for combining these bottom-up approaches with top-down 
and expert-informed planning approaches when considering larger 
scale infrastructure planning.   

Papers II, III, and VI all demonstrate, with concrete examples from 
Kibera, how the precarious nature of land tenure in informal 
contexts can limit the long-term benefits of “community-managed” 
water infrastructures. In Paper VI there are several examples of 
community-managed wastewater management projects that ceased to 
function because of a lack of technical or financial capacity of 
resident groups. In some of the cases considered in Paper VI, 
projects created linear water infrastructures (e.g., drainages or 
sanitary sewers) that expanded beyond an immediate governance 
boundary. This required new governance arrangements with 
neighbours and other civil society groups. In other cases, this led to 
opportunities to connect to incoming municipal sewerage and 
drainage infrastructure. A simple classification of these different 
spatial and governance typologies analysed in Paper VI is given in 
Table 3.  The ability of these infrastructures to function in a 
decentralized way, but later to connect to new infrastructure, is an 
example of what Paper IV advocates, i.e. the principle of enshrining 
flexibility in design to accommodate future shifts in function and/or 
repurposing. It also provides evidence towards the assertion in Paper 
II that government bodies are open to community-led initiatives, and 
that, in the right circumstances, local built infrastructure projects can 
integrate with larger-scale government initiatives. Paper VI 
concludes, that to support that process further, evidence on how to 
deliver non-conventional infrastructure design with local 
stakeholders is required (in this case for green infrastructure for 
water management), with a specific emphasis on documenting the 
process and outcomes, as well as the costs of delivery, and 
participation in the process. 
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Typology Governance model 

1. Community Decentralised 

 

Community-managed.  

Distinct local 
management boundaries. 

2. Community to Community 

 

 
 

Community-managed 
with inter-site drainage 
connections. 

Linear infrastructures that 
expand beyond an 
immediate local 
governance boundary - 
community infrastructure 
management entity 
required beyond site 
boundaries. 

3. Community to City 

 

Community-managed 
with municipal 
drainage connections 

Interaction and 
negotiation with 
municipal actors required. 

 

Table 3 - Simple classification of these different spatial and governance typologies 
analysed in Paper  VI
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The process and planning of neighbourhood upgrading also needs to 
extend to the co-existence of social and ecological systems. Papers II 
and V provide evidence on this larger planning scale to contend with 
a fundamental challenge and opportunity in urban development – 
the tension between rapid urbanisation and ecological river function. 
The concept of rivers as a spatial framework layering infrastructure, 
public space and ecological remediation is raised in Papers II and V 
(following the work of e.g., Parikh and Parikh, 2012). The number of 
both government and civil society programmes in Nairobi that 
address the river remediation highlighted in Paper II shows the scale 
of citizen interest in the issue in that city, though these efforts have 
historically failed to address or even acknowledge the issues of the 
informal areas, that are on one hand contributing pollution to the 
wider watershed, while containing the majority of the population. 
Papers III and V find that urban watershed-scale planning in Kenya 
therefore requires changing urban policy to properly recognise and 
engage low-income areas. This tallies with the political gaps in 
addressing the issues of housing, basic services and economic 
opportunity for the low-income residents of the city. 
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5. Discussion: People, Climate, and Inclusive 
Infrastructure 

All six of the papers in this thesis study aspects of multi-stakeholder 
engagement in infrastructure design and planning. There are two 
distinct viewpoints represented in these cases: the first being resident 
engagement in bottom-up activities led by civil society or 
intermediary organisations, and how that influences government 
engagement (Papers I, II, IV, and VI), and the second (Papers III 
and V) looking at government-led and top-down processes, both of 
these two in the context of the urban poor in Kibera, Nairobi.  

The values evident in the first set of cases are relatable to a world 
view described by Hamdi (2004) described in Awan et al (2011) as “a 
way of thinking on cities that gives precedence to small-scale, 
incremental change over large-scale projects” (p 154). The cases 
studied are largely initiated by civil society groups, non-governmental 
actors and residents, even if in coordination with local government. 
At the same time there is an explicit acknowledgement throughout 
these papers that larger infrastructure planning cannot be 
coordinated without the control, bureaucracies and reach of the 
state, e.g., in Paper IV: “Larger-scale tinkering with systems like interstate 
rail and integrated power grids requires support from large-scale actors like 
regional and state governments.” (p 6).  

An important discussion emerges on what can be learnt from this 
research that traverses these perspectives and scales across formal 
and informal boundaries: firstly, which emergent approaches (that 
seem to have participation and local knowledge as a common 
feature) can influence larger scale change, transition and 
transformation towards sustainability and, within that, environmental 
and social justice; and secondly, which top-down processes show 
potential to enable participation to improve the design and outcomes 
of projects (if that is possible). An important question for all of these 
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systems is to what degree they facilitate a transition towards a more 
sustainable trajectory. 

The discussion that follows takes each of these in turn, firstly the 
emergent practices and secondly the potential of larger scale 
planning to be more inclusive. It then goes on to consider the role of 
infrastructure and upgrading in environmental transitions – a 
discussion on green infrastructure. The final section discusses the co-
production methods used in the research.  

5.1 Emergent Infrastructure  

The physical and social infrastructure constellations described in 
Papers II, III, IV, and VI could variously be considered hybrid 
(Furlong, 2014), incremental (Silver, 2014) and post-networked 
(Coutard and Rutherford, 2011; Monstadt and Schramm, 2017; Beall 
et al., 2019), as well as peopled and lived (Graham and McFarlane, 
2014; Simone, 2004). Researchers, such as Lawhon et al. (2018), see 
the scope in these emergent practices for innovation and translation. 
Kimari and Ernston (2020) see a space for shifting power between 
historical imbalances, while Hyman and Pieterse (2017) imagine the 
building block of larger-scale transitions. If some of the cases 
analysed in this thesis have demonstrated processes successful in 
integrating local knowledge into flexible infrastructure systems then 
these could be regarded as first (not easy) steps in the holy grail of 
participatory urban development. It is interesting to discuss whether 
these cases could really align with Hamdi’s (2004) refrain that: “good 
development practice builds on emergence; it builds on what we’ve got and with it 
goes to scale” (p. xviii).  

Some of the projects analysed in Paper VI functioned historically in 
a decentralized fashion, but later on were able to connect to new 
municipal infrastructure – bridging the informal and the formal. This 
is highlighted in Paper VI as a potential example of the concept of 
“Urban Tinkering” introduced earlier – the principle of enshrining 
flexibility in design to accommodate future shifts in function and/or 
repurposing. Key factors in enabling this transition are technical 
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knowledge to plan and allow for different configurations (and new 
connections), as well as community investment and management of 
the decentralised system. Residents of informal areas who are also 
used to developing their own physical and social networks of 
protection are naturally systems thinkers – they have to build in 
flexibility, and they expect change (even if the exact nature of change 
is not clear at any one moment). The success of these small-scale 
groups and projects in coordinating with the government points 
towards a process described by Pelling et al. (2015 and 2018), 
whereby incremental adjustments can potentially have transformative 
impacts in urban informal areas. These are perhaps small examples 
of what Hyman and Pieterse (2017) see as localised and low-tech 
slum renewal opportunities, part of the “adaptive city” (ibid).   

At the same time, it is important to consider some of the factors in 
the research that might be limiting to the potential of these emergent 
systems, in particular from the ten cases studied in Paper VI. Firstly, 
when projects studied in this paper had implemented linear 
infrastructures that expanded beyond an immediate governance 
boundary, questions of wider community engagement and 
management arose. A wholly decentralised system in a dynamic 
urban setting may mean results are not always sustainable - Paper VI 
highlights that when community groups take on sole management of 
surface and sanitary water systems, they internalize costs and risks 
that might otherwise be the responsibility of municipal government. 
This additional burden (and potential public health risk) on already 
disadvantaged populations is a factor sometimes under-recognised in 
the literature on hybrid and emergent systems.  

Monstadt and Coutard (2019) argue that diverse sociotechnical 
constellations beyond (or supplementary to) centralised 
infrastructure networks in the cities of the so-called global south 
have mainly been scrutinised through the study of different 
infrastructure domains, e.g., such as water supply, sanitation, 
electricity and communications. They go on to suggest that further 
work is needed on the interface between these evolving systems. 
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This thesis provides some new evidence in this space by studying 
examples where stormwater, wastewater, water supply and flood 
protection systems come together with various governance 
arrangements. The cases highlight another aspect of infrastructure 
interfaces, described by Rode et al. (2020), where engineering and 
sectoral silos miss opportunities to create valuable public places at 
these points of confluence. When residents and civil society 
organisations are involved, these public-facing and serving 
components are harder to miss and leave out.  

From a municipal perspective, water and wastewater systems are 
ideally designed to manage tolerable levels of risk (for example, 
public health) and to consistently meet quality standards for 
environmental protection. “Green” or nature-based systems for 
water management (e.g., swales, wetlands and infiltration techniques) 
therefore require robust engineering design and monitoring just as 
much as traditional “grey” systems (CIRIA, 2007). Diep et al. (2019) 
highlight the relevance of an interdisciplinary perspective when 
evaluating infrastructure interventions, particularly in order to better 
bridge technical and socio-political factors better. This is particularly 
relevant for flood, water, wastewater and drainage infrastructures 
which conventionally use systems of municipal adoption, i.e. the 
public components are designed and constructed through private, 
commercial or civic organisations to municipal standards and then 
adopted for ownership and maintenance by the authorities. If more 
evidence of the potential of emergent practices is required, a robust 
evaluation of technical performance goals as well as social and 
economic outcomes (including the impacts of participatory 
processes) within that should be part of convincing municipal actors 
to take the risk on new technologies.  

5.2 Inclusive Infrastructure  

The adoption of a more a more participatory approach by 
government institutions – where the impact is considered greatest 
and most sustainable (Manroth et al, 2014) – is a challenge to 
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achieve, giving real agency for residents and other local actors in 
infrastructure planning and design. The results in this thesis identify 
a need for broadening participation in infrastructure design and 
planning on two axes: firstly, with increased engagement of residents, 
ideally in decision-making, and secondly, in increasing inter and 
trans-disciplinary work amongst professional disciplines. This is easy 
to say and harder to do in practice. The results of this thesis, as well 
as the wider literature, also reaffirm a consistent lack of interface 
between government and residents and community organisations in 
the informal setting. This situation hinders effective and inclusive 
infrastructure planning, and misses out on emergent practices.  

While some municipalities may be open to engaging with and 
learning from civil society activities, these community activities are 
sometimes non-transparent or not orientated towards integration, as 
highlighted by Otsuki (2016) in the case of Nairobi. In fact, the 
relative opaqueness of these practices may be precisely because they 
have evolved in the absence of municipal services and in reaction to 
that lack of interface.  

The degrees and dynamics of institutional engagement in the issues 
of informal neighbourhoods and the willingness of local government 
to engage residents in discussions about their future is demonstrated 
in distinct aspects of the research. The household flood data 
collection in the course of the research in Paper II and flood 
modelling work studied in Paper V were both supported by the 
County Government Department of Public Works that at the time 
was very much looking for more access to the informal areas to 
work on flood issues (which was seen as a vote winner). This 
openness to collaboration was not experienced in the subsequent 
administration. These experiences have some resonance with loose 
and ‘layered’ scenarios described by Ramos-Mejía et al. (2018) where 
different institutional ‘pockets’ can be present or absent at various 
degrees.  
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At the same time, the research throws up some positive cases that 
informs the simplified model of inclusive infrastructure given in 
Figure 6. Paper III shows that an incremental approach to upgrading 
e.g., such as the NYS project in Paper III, is more conducive to the 
integration or expansion of emergent modes of service delivery (and 
of resident perspectives in or at least acceptance of design solutions). 
An interesting dynamic noted in Paper V, is whereby a technical tool 
like flood modelling that is traditionally top-down, and led by 
technical experts could be re-purposed to engage multiple actors 
(civil society and governmental), across the informal-formal divide 
and in the spatial context of the contentious riparian zone. It is as if 
the formality and technicality of this historically engineer-led process 
is a vehicle for encouraging cooperation and collaboration on 
planning in one of the most intractable areas of slum upgrading – the 
riparian zone.  

From the municipal planning perspective, the research highlights 
other important cases where government-led upgrading approaches 
created potential and space for the integration of local systems of 
service provision. Paper III highlights a government-led upgrading 
process (the NYS project) that aimed to integrate multiple physical 
and social infrastructures, as well as incorporating local and 
“informal” community organisations in the governance of these 
systems. Papers V and VI also highlight the Mukuru Special Planning 
Area (SPA) project, an initiative housed by Nairobi City County, but 
which is coordinated by a federation of slum dwellers (Muungano wa 
Wanavijiji) that attempts to bring resident-collected data and voices 
into the centre of the planning process (Leck et al, 2018; Horn et al, 
2020). This example stands out as a pre-eminent example of how to 
organise resident-led processes at such a scale so as to permeate a 
neighbourhood’s planning process for half a million people. It 
requires quite a unique intermediary (such as Muungano wa 
Wanavijiji) who is simultaneously grounded and trusted in places of 
exclusion, while being trusted by government, and cognisant enough 
of planning and technical processes to recognise and incorporate the 
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three. It also requires a committed governmental mandate that can 
transcend terms of office and political loyalties. 

5.3 Green Infrastructure 

Many academics and urbanists see a unique opportunity for cities to 
harness the current wave of urbanisation to enable a transition 
towards environmental sustainability and climate resilience. A 
specific strategy highly pertinent to informal areas is the 
development of land-use policies that could support a so-called 
“green infrastructure approach” to reduce urban heat island energy 
and material consumption, and support biodiversity (see e.g., Mguni 
et al., 2016 and Du Toit et al., 2018). Within these opportunities, 
there is an acknowledgement that “green idealism”, often emanating 
from Northern climes, must be tempered and integrated with 
fundamental development goals (Muller et al., 2015) and that that 
ecological protection and remediation also needs to be balanced with 
a rights-based approach (Du Toit et al., 2018). A finer grain 
illustration in Nairobi County is the prioritisation of programs often 
driven by elite concerns for economic development without a 
recognition of the realities of the informal settlements. Kimari and 
Parish (2020) illustrates in their exposition of the Mathare river, how 
the government and private sector “river rehabilitation” narrative for 
the Nairobi River Basin can be seen as a euphemism for invasion, 
dispossession and the continuation of colonial practices. 

The starting point for the cases in the research is often the rivers and 
drainage paths of Kibera where residents are contending by 
themselves with a highly challenging issue – localised and riverine 
flooding. The green infrastructures (the rivers, public spaces, and the 
foliage) in sSA are frequently seen as a driver of hazards such as 
waterborne diseases and drowning (Mguni et al., 2016), fire (Munien 
et al., 2015) and insecurity (Shackleton and Blair, 2013). The findings 
in Paper VI support this; residents raised security fears consistent 
with those from the literature above, but results from some of the 
implemented projects show that there is the possibility for a 
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transition in people’s valuing and stewarding urban nature. The idea 
that urban runoff is “a lens to unpack the dilemma of urban nature” 
from Karvonen (2011 p.viii) is therefore highly relevant in this 
research. 

The process and planning of neighbourhood upgrading also need to 
extend to the co-existence of social and ecological systems. Papers II 
and V provide evidence on this larger planning scale to contend with 
a fundamental challenge and opportunity in urban development – 
the tension between rapid urbanisation and ecological river function. 
The concept of rivers as a spatial framework layering infrastructure, 
public space, and ecological remediation is raised in Papers II and V 
following the work of e.g., Parikh and Parikh (2012). Paper VI goes 
further to suggest that an additional design principle that could be 
considered in the elaboration of similar integrated development 
planning processes for low-income areas, such as Mukuru SPA, 
could be the integration of “green infrastructure” as an organising 
framework for spatial development. This is relevant to many urban 
informal neighbourhoods globally, given the confluence of climate, 
vulnerability and infrastructural issues in neighbourhoods such as 
Kibera and Mukuru. This is important in the context of major 
citywide initiatives (that exist in Nairobi and many other cities) to 
conceptualise the rehabilitation of rivers as a fundamental green 
infrastructure (and social and economic spine) of the city. 

As well as the social value of these different models, it is important 
to understand both the implications for resource consumption and 
for climate change mitigation and adaptation. Satterthwaite (2011) 
suggests that it is possible for affordable housing and upgrading 
schemes to allow higher living standards to be combined with 
sustainable GreenHouse Gases (GHG) emissions. The research 
shows that an incremental approach, such as used in the NYS 
project in Paper III, is more conducive to the integration or 
expansion of emergent modes of service delivery. At the same time, 
there is limited evidence on how this affects the normative aspects of 
achieving basic service levels, building resilience to climate change, 



 56   Discussion 

 
 

and levels of resource consumption locked in by service delivery 
models. Further research to study and quantify the sustainability and 
resilience performance of different upgrading typologies could shed 
light on the impacts of the different models and the implications of 
emergent practices in the context of climate change investments.  

5.4 Reflection on co-production methods used in the research  

In urban infrastructure research in practice, questions of technical 
responses, social dynamics and political power will often intersect, 
suggesting a need to bring together different research disciplines 
(Beall et al., 2010). This research takes inspiration from and sees 
parallels in the interdisciplinary agenda for managing hydroclimatic 
risk put forward by Nelson et al (2020) that requires engineers and 
other disciplines to use humility (as opposed to hubris) to fuse social, 
mechanical and ecological wisdom. The papers included in the thesis 
combine inputs not only from across engineering, natural, and social 
sciences, but also from practice and from different geographies 
worldwide, in an attempt at transdisciplinary research across multiple 
scales and expertise.  

An important discussion point is how to achieve co-production in 
research across geographical boundaries, particularly between 
researchers based in relatively wealthy countries and researchers and 
practitioners from less wealthy countries. While practitioners and 
academics in Kenya are represented in research delivery and co-
authorship in this thesis the majority of academic co-authors in the 
thesis are based in universities in Europe and the US. Dynamics of 
resources, power, and knowledge formation come into play. 
Researchers interested in these issues who are from and are based in 
relatively higher income countries should consider their own 
motivations, privileges, and standpoint in asking research questions 
concerning lower-income nations and geographies. Additionally, they 
should be aware of historical imbalances that contribute to these 
current circumstances and seek actively to understand, acknowledge, 
and deconstruct them. I am working through my own journey and 
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position in this regard. Partnering with national universities and local 
research partners to actively and substantially build capacity and 
cooperation is important – but beyond the partnering there needs to 
be active involvement in the process of problem and research 
question formulation.  

The context of informal settlements requires special attention, since 
stakeholder groupings may not be obvious from the outside and, in 
some settings, may even seek to hide themselves from external or 
state actors to avoid repressive actions. An example from South 
Africa described in Swilling et al. (2013) highlights the fact that 
problem formulation might be a prolonged social process involving 
interactions with many individual actors, rather than an event 
involving established formations. This presents a significant 
challenge for transdisciplinary research in this context since access 
and involvement of these stakeholders should be paramount, yet the 
typical “moments” of problem formulation are hard to align with 
access to decision makers. This was noted in my own experience of 
delivering this research alongside the ongoing challenge of the 
disparity in time resources for research activities between researchers 
and practitioners. In their study of interdisciplinary and 
transdisciplinary research and practice Fam et al. (2019) advocate for 
time and resource allocation early on in collaborative projects to 
ensure shared terminology, problem-framing and collaborative 
practice is clearly understood by all involved. Real co-production of 
research agendas is a fundamental part of this process, as African 
perspectives on urban development take the lead.
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6. Conclusions 

The aim of this thesis is to understand the potential of multi-
stakeholder involvement in the design and planning of infrastructure, 
with a focus on enabling the transition of underserved and climate-
threatened neighbourhoods in rapidly urbanising cities towards 
sustainability. The thesis brings together a number of studies of both 
bottom-up systems of resident-managed urban drainage schemes 
with top-down government upgrading infrastructure projects, with 
the intent of examining this in-between space as an opportunity for 
innovation and bridging. It develops conceptual models for the 
involvement of technical experts and residents in infrastructure 
design processes, and considers the benefits and trade-offs of civil 
society governance of local and decentralised infrastructure schemes, 
in particular for urban flooding and drainage management. In doing 
so, the thesis provides evidence towards different models of urban 
development for communities and cities that can shape the 
development pathways of the world’s future cities.  

The thesis makes a case for a new research and policy agenda for 
inclusive infrastructure, driven from national and municipal level 
government with a focus on justice, equity and an understanding of 
evolving climate risk. The thesis concludes that low-income and 
urban informal areas can be sites for innovation and transition for 
infrastructure systems in a changing climate. The data and cases 
presented show how residents in underserved and under-resourced 
neighbourhoods have sophisticated knowledge about flood-risk and 
local climate-threats, about how to act quickly and effectively to 
respond to short-term climate risks, and also have clear priorities for 
longer term development. Resident-led data collection on conditions 
in informal settlements for different resident groups can inform and 
strengthen citizen-city partnerships for risk reduction and bring local 
knowledge into design processes. It can be concluded that these 



59   Conclusions 
 
 

 
 

processes can be integrated into design and planning of 
infrastructure and upgrading programmes with the right tools and 
intermediaries.  

The thesis discusses how the development of infrastructure in 
informal areas, either as the expansion and formalisation of existing 
and emergent modes of service delivery, or in the development of 
new municipal infrastructure, can be a pathway for building social 
contract. Limiting factors highlighted in the introduction to this 
thesis and summarised in Figure 1 include a lack of resources and 
technical competency at the local scale, and a lack of interface and 
legitimacy at the municipal level. The results also show how “top-
down” approaches have sundered social networks and missed 
opportunities to create more resilient and sustainable outcomes. The 
results present examples of how emergent infrastructure models 
from Kibera have in fact integrated and informed municipal systems, 
but also of where decentralised systems have failed due to lack of 
finances or capacity, or presented additional burdens and risks to 
already under-resourced groups.                                                                                                   

Research also has a role to play in surfacing and objectively studying 
these practices with application and replicability in mind. Co-
production of research agendas is also a fundamental part of this 
process, if southern perspectives on urban development are going to 
develop and be at the forefront in defining the questions. 
Researchers based in higher income countries (such as myself) who 
are interested in these questions should look to find ways of 
partnering with national universities and local research partners to 
actively and substantially build capacity and cooperation, while also 
considering their own motivations, privileges, and standpoint in 
asking and addressing research questions concerning lower income 
countries. 

In the meantime, residents of under-resourced neighbourhoods 
continue to build the cities of the future themselves. This thesis puts 
forward hybrid and inclusive models of infrastructure development 
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that capture the emergent and transformational properties of these 
concerted efforts by resident and civil society groups, with actions to 
create scale and replicability, and to provide more viable and 
responsive development pathways for under-resourced 
neighbourhoods. 
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