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SAMENVATTING ■ 

 
 

 

 

 

Natuur in de stad is van levensbelang. Zonder alle bomen, bermen, parken, singels, maar ook 
zonder het privégroen op daken, gevels en in tuinen zou het in de stad een stuk ongezonder 
en minder comfortabel zijn. Stadsgroen zuivert de lucht, koelt de omgeving, buffert het 
verkeerslawaai, zorgt ervoor dat regenwater kan infiltreren, slaat CO2 op en zet dit om in 
zuurstof, en geeft ons een plek om te recreëren en tot rust te komen. Bovendien is zicht op 
groen en water alleen al voldoende om ons gelukkiger te voelen, zorgt het dat we sneller 
beter worden in het ziekenhuis, en maakt het ons huis meer waard.  

Deze bewezen functies van stadsnatuur maken de stad een fijne plek om te wonen en 
werken. Ze helpen ons om de gevolgen van een veranderend klimaat op te vangen, dragen 
bij aan het voorkomen van hart- en vaatziekten en stimuleren sociale cohesie op 
buurtniveau. Plus, nu meer en meer kinderen in de stad opgroeien, is het noodzakelijk de 
natuur dichtbij huis te halen. Als je op jonge leeftijd inziet hoe waardevol al dat groen en 
water is en hoeveel plezier het je brengt, is de kans groot dat je je later bewust bent van het 
belang van natuur en je je misschien wel inzet voor natuurbehoud. De stad trekt niet alleen 
mensen aan, ook voor dieren en planten wordt de stad aantrekkelijker. Dit heeft te maken 
met de verarming en versnippering van hun leefgebied buiten de stad, maar ook met het 
unieke karakter van de stad zelf als ecosysteem: de grote diversiteit aan planten-, bloemen- 
en boomsoorten betekent een rijk aanbod aan voedsel en habitat.  

Samen met het feit dat steeds meer mensen in de stad wonen, hebben deze inzichten geleid 
tot toenemende aandacht voor de rol van natuur in de stad. Dit vertaalt zich op lokaal niveau 
in ontwerpen waarin groen en water een prominentere rol hebben en op mondiaal niveau in 
samenwerkingsverbanden zoals het Global Parliament of Mayors en verdragen zoals de 
Sustainable Development Goals die sinds 2016 een Urban Goal hebben: “maak steden en 
menselijke nederzettingen inclusief, veilig, veerkrachtig en duurzaam”. Reden genoeg om stil 
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te staan bij de kwantiteit en kwaliteit van het aanwezige groen en water in de stad, en om na 
te denken over de rol en functie van stadsnatuur in de toekomst. Hierbij is het essentieel om 
rekening te houden met de beleving van groen en water door verschillende groepen 
stadsbewoners, en met hun voorkeuren voor inrichting en gebruik. Willen we meer 
natuurlijke of recreatieve parken? Groene daken op onze huizen en kantoren of liever een 
geveltuin? Hoe kunnen we groenblauwe oplossingen inzetten om de stad klimaatbestendiger 
te maken, dus hitte en wateroverlast verminderen? En wat denken we van fruitbomen in het 
park en moestuintjes in de buurt, hoe organiseren we dat en welke partijen worden daarbij 
betrokken? 

Dit proefschrift gaat over de rol van stedelijk groen en water, en hoe deze rol verandert naar 
gelang tijd en plaats. In het onderzoek zijn zowel kwantitatieve als kwalitatieve methoden 
gebruikt, naast het heden komen ook verleden en toekomst aan bod, hebben resultaten de 
vorm van GIS en handgetekende kaarten en is gesproken met een reeks aan betrokkenen: 
beleidsmakers, gezondheidsmedewerkers, kunstenaars, activisten, wetenschappers, leden van 
wijkteams, initiatiefnemers en bovenal honderden bewoners. 

De eerste studie (Ch.2) geeft inzicht in de voordelen die het huidige groen en water 
opleveren: verbeterde luchtkwaliteit, regenwaterinfiltratie, koeling, CO2-opslag, verminderde 
geluidsoverlast, en recreatie. Deze ecosysteemdiensten zijn onderzocht door literatuurstudie 
te combineren met ruimtelijke analyses voor de stad Rotterdam in Nederland. Het 
vernieuwende aan deze studie is drievoudig: ten eerste het gebruik van zeer gedetailleerde 
geografische data uit gemeentelijke bestemmingsplannen in plaats van de veelvuldig 
gebruikte grovere datasets die minder geschikt zijn voor het schaalniveau van de stad, ten 
tweede het meenemen van alle typen stadsnatuur inclusief tuinen en water in plaats van een 
enkel type zoals gras of bomen, en ten derde de analyse van zes verschillende 
ecosysteemdiensten in plaats van de gebruikelijke één of twee. Hoewel blijkt dat er niet altijd 
eenduidig bewijs is voor de voordelen van stadsnatuur (in het bijzonder voor luchtkwaliteit), 
berekent deze studie dat de voordelen in elk geval onevenredig over de stad verdeeld zijn. 
Vooral bewoners van het centrum zouden baat hebben bij een groenere omgeving, maar ook 
inwoners van de buurten langs de Maas. Wel blijft de vraag welke voorkeur bewoners zelf 
hebben qua groen en water in hun omgeving, en wat zij als belangrijkste voordelen zien. 

Deze vraag is onderwerp van een tweede studie in Rotterdam (Ch.3) waarvoor bewoners van 
twee wijken zijn gevraagd naar hun perceptie van ecosysteemdiensten geleverd door typische 
stadsnatuur: straatbomen, tuinen, groene daken, grasstroken, een bebost park en een park 
met grote vijver. Omdat de gemeente Rotterdam in het kader van klimaatverandering 
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geïnteresseerd is in de beleving van hitte en wateroverlast, is deze studie gericht op 
groenblauwe maatregelen voor klimaatadaptatie. De ontwikkelde methode is vernieuwend 
omdat deze verschillende dimensies van sociaal-culturele waardering gebruikt om de 
publieke perceptie te meten. Daardoor weten we dat bewoners zich bewust zijn van en 
zorgen maken over hitte en wateroverlast, maar niet altijd herkennen hoe stedelijk groen en 
water kunnen helpen bij klimaatadaptatie. In eerste instantie moet stadsnatuur vooral 
aantrekkelijk en toegankelijk zijn. Toch verschuiven voorkeuren naar de meest effectieve 
maatregelen wanneer bewoners informatie krijgen over de geleverde ecosysteemdiensten, 
een bevinding die interessant is voor gemeentes. Het advies: zorg voor een goed basisaanbod 
aan stadsnatuur dat voldoet aan lokale wensen, investeer vervolgens in groenblauwe 
maatregelen die tevens andere doelen dienen zoals waterinfiltratie en zorg dat bewoners 
geïnformeerd en actief betrokken zijn. 

De derde studie (Ch.4) onderzoekt hoe het gebruik van ecosysteemdiensten verandert onder 
bewoners aan de randen van de stadsmeren in Bengaluru, India waar snelle verstedelijking 
gepaard gaat met drastische veranderingen van de omgeving. Voor deze studie zijn op zeven 
locaties twee elkaar aanvullende methoden gebruikt: een huishoudensurvey met 
geïllustreerde keuzekaarten en een participatieve kartering in groepsverband. Hiermee is 
aangetoond hoe er rondom de meren een ommezwaai plaatsvindt van zowel de belangrijkste 
ecosysteemdiensten als de gebruikers ervan. Waar voorheen veelal bewoners zonder of met 
een laag inkomen een beroep deden op het ecosysteem om in hun levensonderhoud te 
voorzien (landbouw, visserij, grasland voor het vee, huishoudelijk gebruik), zijn het 
tegenwoordig bewoners van appartementencomplexen die het meer willen gebruiken als 
recreatieplek. Dit gaat gepaard met een omslag van gemeenschappelijk gebruik en beheer 
naar individueel gebruik en privaat of publiek beheer. Het gevolg is dat bewoners niet alleen 
te maken krijgen met vervuiling en privatisering van gemeenschappelijke gronden, maar ook 
met beperkte toegang en gebruiksregels. De laatste ontwikkelingen op het gebied van 
ecosysteemherstel, waarvoor het initiatief ligt bij bewoners uit de hogere middenklasse, 
bieden een positief perspectief voor de bestaanszekerheid van de meren, maar lijken geen 
soelaas te bieden voor de armere bewonersgroepen wier stemmen ongehoord blijven. Er is 
een vorm van besluitvorming nodig die ieders belangen meeneemt en plaatsvindt via een 
gelijkwaardig en veilig platform. 

De vierde studie (Ch.5) presenteert een conceptueel raamwerk van de veranderende rol van 
stadsnatuur, gebaseerd op inzichten uit het gehele promotieonderzoek waaronder de 
ervaringen in Rotterdam en Bengaluru. Het raamwerk toont hoe stedelijke en 
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maatschappelijke ontwikkelingen invloed hebben op de verschillende functies die 
stadsnatuur kan hebben en hoe dit kan verlopen via trajecten als stadsplanning, 
herwaardering en actie vanuit de buurt. Het gaat om vier functies van stadsnatuur: 
traditioneel bijvoorbeeld voor levensonderhoud, gedegradeerd bijvoorbeeld gefragmenteerd, 
ontworpen voor een bepaalde functie zoals recreatie of klimaatadaptatie, en multifunctioneel 
bijvoorbeeld stadslandbouw. Transformatie van de ene naar de andere rol gaat samen met 
een verandering in type gebruikers, maar het lijkt dat dezelfde groep gebruikers keer op keer 
benadeeld wordt. Dit kan gebeuren doordat het ecosysteem vervuild raakt, maar ook 
doordat het juist opgeknapt wordt waarna de buurt nieuwe, rijkere bewoners aantrekt en de 
grondprijzen zo omhoogschieten dat eerdere bewoners zich genoodzaakt zien zich elders te 
vestigen. De multifunctionele rol van stadsnatuur zou via actie vanuit de buurt een oplossing 
kunnen bieden voor dit probleem omdat zowel arme als rijke stadsbewoners aanspraak 
kunnen maken op open ruimte en die naar eigen inzicht kunnen vergroenen. 

Tussen de hoofdstukken door presenteert het proefschrift tevens een Intermezzo met foto’s 
en verhalen die onderdeel zijn van de tentoonstelling “Living at the margins of Bengaluru’s lakes: 
Untold stories of change, loss and hope”. Door middel van beelden en persoonlijke verhalen biedt 
het Intermezzo context en diepgang bij het onderzoek in Ch.4. De tentoonstelling is ook 
waardevol gebleken om (media-)aandacht te vragen voor dit belangrijke maar onderbelichte 
thema, zowel in Bengaluru als daarbuiten. 

Stadsnatuur kan substantieel bijdragen aan de duurzaamheid van steden en daarmee aan de 
veerkracht en het adaptief vermogen van inwoners. Daarvoor is het echter nodig om groene 
ruimte zorgvuldig te plannen en ontwerpen, daarbij prioriteit te geven aan de behoeften van 
bewoners en ook om flexibele vormen van beleid en beheer uit te proberen. Het is zoeken 
naar de juiste balans tussen van onderop en bovenaf gestuurd beleid en tussen belangen op 
de korte en lange termijn. Juist bij deze opgave moeten we ecosysteemdiensten in kaart 
brengen, omdat hiermee de waarde van stadsnatuur voor hedendaagse en toekomstige 
stadsbewoners expliciet gemaakt wordt. 
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SUMMARY ■ 

 
 

 

 

 

Nature in cities is vital. Without all the trees, parks and canals as well as the private greenery 
in gardens and on rooftops cities would be far less healthy and pleasant. Urban green space 
purifies the air, buffers traffic noise, allows rainwater to infiltrate the soil, cools its 
surroundings, turns CO2 into oxygen and provides opportunity for recreation. On top of 
this, just the view on green space and water suffices to make us feel happier, recover faster in 
hospital and increase the value of our homes. 

These demonstrated functions of urban nature make the city a pleasant place to live and 
work. They help us tackle the consequences of a changing climate, contribute to the 
prevention of cardiovascular diseases and stimulate social cohesion within a neighborhood. 
With more and more children growing up in cities it is crucial to bring nature close to home 
If you realize how valuable and enjoyable nature is at a young age, you are prone to see the 
importance of nature at a later stage in life and actively support nature preservation. Cities 
do not only attract people, plants and animals increasingly find their way to town. This is 
partly because their original territory suffers from degradation and fragmentation but also 
due to the unique character of the city as an ecosystem; the large diversity of plants, flowers 
and trees results in a rich supply of food and habitat. 

Together with the fact that a growing number of people are living in cities worldwide, these 
insights have increased attention to the role of urban green space. On a local level this 
translates into urban plans and designs with a more prominent role for vegetation and water. 
On a global level we have witnessed the rise of organizations and agreements such as the 
Global Parliament of Mayors and the Sustainable Development Goals which include an Urban Goal 
since 2016: “make cities and human settlements inclusive, safe, resilient and sustainable”. 
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Plenty of reason to focus on the quantity and quality of green space currently available in 
cities, and to consider the role and function of urban nature in the future. It is essential to 
take into account how different population groups experience urban green space and what 
their preferences are regarding use and design. Do we want natural or recreational parks? 
Green roofs on our homes or rather a sidewalk garden? How can we embed nature-based 
solutions to work towards a climate proof city, thus reducing urban heat and flooding? And 
how about planting fruit trees in parks and vegetable gardens in the neighborhood, how 
should we organize this and which parties do we involve? 

This thesis is about the role of urban green space and how this role changes with time and 
place. The research uses quantitative as well as qualitative methods, discusses the present as 
well as the past and future, shows results through both GIS and hand drawn maps and 
builds upon conversations with a variety of stakeholders: policymakers, health workers, 
artists, activists, scientists, neighborhood team members, initiators and above all hundreds of 
residents. 

The first study (Ch.2) provides insight in the benefits of urban green space: air purification, 
water infiltration, cooling, CO2 storage, noise reduction and recreation. These so-called 
ecosystem services are studied using a combination of literature review and spatial analysis 
for the city of Rotterdam in the Netherlands. The novelty of this study is threefold: firstly 
the use of highly detailed spatial data obtained from municipal zoning plans instead of the 
frequently used coarser datasets that are less suitable for the urban scale level, secondly the 
inclusion of all types of urban nature including gardens and water rather than a single type 
such as grass or trees, and thirdly the analysis of six different ecosystem services as opposed 
to the usual one or two. Although evidence for the benefits of urban green space may be 
ambiguous (in particular for air purification), this study quantifies that the benefits clearly are 
not evenly distributed. Especially residents living in the city center would benefit from 
greener surroundings, as would people living along the river Meuse. Yet the question 
remains what residents themselves prefer in terms of urban green space and what they 
consider to be the most important benefits. 

This question is subject of a second study in Rotterdam (Ch.3) for which residents of two 
neighborhoods were asked about their perception of ecosystem services provided by typical 
urban nature: trees, gardens, green roofs, grass strips, a wooded park and a water rich park. 
Because the City of Rotterdam is interested in how people experience urban heat and 
flooding in the context of climate change, this study addresses green-blue measures for 
climate adaptation. We developed a novel method that incorporates various dimensions of 
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sociocultural valuation to measure public perception. The multi-dimensional method reveals 
that residents notice current signs of urban heat and flooding and worry about future climate 
impacts in their city, but that they do not always recognize the effects of green space on 
climate adaptation goals. Before anything else, urban green space should be attractive and 
accessible. Nonetheless preferences shift to the most effective green-blue measures when 
residents are informed about the contribution of each measure to climate adaptation goals – 
a finding that is interesting for city planners. Final advice: ensure a proper baseline of urban 
green space that satisfies local demand, next invest in green-blue measures that also serve 
other goals such as water infiltration and ensure residents are informed and actively involved. 

The third study (Ch.4) explores how ecosystem services use is changing among residents 
living adjacent to the urban lakes of Bengaluru, India where rapid urbanization happens in 
conjunction with drastic environmental change. The study uses two complementary methods 
on seven locations: a household survey and a participatory mapping group exercise. This 
combination shows how the lake areas are experiencing a shift in both the most important 
ecosystem services as well as their users. Previously residents without or with a low monetary 
income were the main users of the ecosystem, which dominant function was livelihood 
support (agriculture, fishing, grazing lands, domestic use), nowadays residents of lake view 
apartments perceive the lake as a place for recreation. This goes hand in hand with a shift 
from communal use and management to individual use and private or public management. 
As a result, residents not only have to deal with pollution and privatization of communal 
lands but also with restricted access and regulations. Lately, developments in ecosystem 
restoration provide new perspectives for a future of Bengaluru’s lakes. Yet the initiative for 
lake restoration originates from middle class and wealthy residents whose ideas for a well-
manicured lake park do not necessarily reflect the needs of marginalized residents and users 
of the commons. There is a clear need for a governance type that supports restoration 
efforts by including the voices of all stakeholders, and in which decision-making takes place 
in a safe and equal setting. 

The fourth study (Ch.5) presents a conceptual framework of the shifting roles of urban 
green space, based on insights from the entire PhD research including experiences from 
Rotterdam and Bengaluru. The framework shows how urban and societal developments 
influence the different roles that urban green space can have and how this may evolve via 
trajectories such as planning and design, revalorization and community action. Four roles of 
urban green space are considered: traditional e.g. livelihood support, degraded for instance 
through fragmentation, designed for a certain function e.g. recreation or climate adaptation, 
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and multifunctional such as urban agriculture. A shift from one role to another comes along 
with a shift in user type, but it seems that the same group of users repeatedly loses this game 
of transformation and adaptation. This may happen when an ecosystem becomes polluted 
and degraded but also when local green space is improved after which the neighborhood 
attracts a new, wealthier set of residents and land prices rise to the point that original 
residents are forced to move away. The multifunctional role of urban green space may offer 
a solution to this problem since the poor as well as the wealthy can claim urban open space 
and turn it into urban green space according to their own needs and preferences. 

In between the different chapters this thesis presents an Intermezzo with photographs and 
stories that are part of the exhibition “Living at the margins of Bengaluru’s lakes: Untold stories of 
change, loss and hope”.  The Intermezzo provides context and depth to the research in Ch.4 
through images and personal stories. The exhibition also proved valuable to draw (media) 
attention to this important but underexposed topic, both within and outside the city of 
Bengaluru. 

Urban green space can make a substantial contribution to the sustainability of cities and the 
resilience and adaptive capacity of their inhabitants. This demands a proper planning and 
design of urban green space, prioritization of residents’ needs and preferences as well as 
experimenting with flexible approaches for policy and management. It is a quest for the right 
balance between bottom up and top down policy and between interests on the short and 
long term. Precisely in this task we need to map and assess ecosystem services because this 
makes the value of urban green space for current and future city dwellers explicit. 
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CHAPTER 1 ■ 

Introduction 
 

 

 

 

BACKGROUND 
 

What is urban green space? Simply put, urban green space (UGS) is vegetation and water in 
cities. UGS can comprise a single element (a street tree) as well as a combination of elements 
(a park with lawns, trees, and ponds) and its character can be natural (a wetland), semi-
natural (a canalized river) or manmade (a green wall). While much of the visible UGS is 
public or may be part of the urban commons, there is also a substantial share of privately 
owned UGS, of which home gardens are a well-known example. A diverse, accessible, 
attractive and spatially balanced UGS offer is indispensable for creating pleasant, healthy, 
and resilient cities. 

All types of UGS have the potential to provide benefits to people, so-called ecosystem 
services. UGS can also provide their negative counterparts, ecosystem disservices. Let’s take 
the street tree as an example. The tree can be an attractive element improving the 
streetscape, has a positive effect on real estate prices, serves as a meeting point for 
neighbors, provides welcome shade in summer, attracts birds, may hold historical value, and 
contributes to place attachment. Then there is a list of less tangible but other crucial 
functions: the tree intercepts rainfall and thereby reduces pressure on the urban drainage 
system, removes harmful pollutants from the air, allows water to infiltrate the soil and 
replenish groundwater levels, sequesters and stores carbon, and blocks noise. At the same 
time though, the tree produces leaf litter which may annoy car owners and requires caution 
and regular cleanups on sidewalks. An autumn storm can stir up the tree and make it lose 
one of its branches that may block the road, mess up electricity wires and even crash into a 
house. And vis-à-vis the less tangible, the tree contributes ozone to the atmosphere through 
specific compounds it produces. 
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The fact that vegetation and water are present in cities all around the world is a sign that the 
benefits of UGS outnumber its drawbacks, and/or that its drawbacks can be managed. UGS 
has become an indispensable part of the urban fabric and in many countries its presence is 
regulated by law; for instance in Berlin where each citizen should have access to at least 6 m2 
of greenery and a park within 500 m, a threshold that is also recommended by the Dutch 
‘Green City Guidelines’ (Kabisch et al., 2016a). More than just being present, UGS is also 
cherished. Home owners perfect their lawns while tourists flock together in iconic city parks, 
and botanists explore historical gardens while office folks network on their green rooftops. 
UGS caters to diverging needs of diverse user groups, and its role is continuously changing 
as it adapts to time, space, users, and context. 

UGS and its role in city life have been given thought since the early days of urban planning. 
Ebenezer Howard’s Garden Cities were surrounded by greenbelts and Corbusier’s high-rises 
were intertwined with green open space for residents to spend their free time in clean, 
bright, noise-free surroundings (Dummett, 2007). The earliest hype in studying the role of 
UGS revolved around recreation patterns and preferences, followed by studies on health 
outcomes, economic value, and biophysical functioning. Recreational studies are commonly 
set in a local case study context and take on a user perspective. For example, local 
community’s use of and concerns about an UGS network in Birchwood, UK (Tzoulas and 
James, 2010) or the relation between visiting behavior and UGS characteristics in Granada, 
Spain (Adinolfi et al., 2014). Increased attention for urban pollution and the influence of 
spatial configuration on people’s well-being opened the floor to studies on environmental 
health. These range from longitudinal cohort studies on air pollution and lung cancer 
(Raaschou-Nielsen et al., 2013) to local case studies investigating associations between UGS 
visits and mental health (van den Berg et al., 2016) or how park characteristics influence 
physical activity (Brown et al., 2014; Hunter et al., 2015; Veitch et al., 2012). Economic 
studies value direct and indirect ecosystem benefits (Johnston and Russell, 2011). In urban 
regions for example, scenic views, tree cover and access to recreation areas are found to 
positively influence home sale prices (Sander and Haight, 2012; Tu et al., 2016). Finally, there 
is a plethora of biophysical studies after UGS functioning, especially concerning the 
quantification and mapping of ecosystem services (Baró et al., 2016; Dobbs et al., 2014; 
Haase et al., 2014b; Holt et al., 2015; Larondelle et al., 2014) and the role of UGS in 
moderating environmental effects of urbanization such as the urban heat island (Bowler et 
al., 2010; Chen et al., 2016; Davis et al., 2016).  
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Today, UGS is increasingly being promoted as a tool in climate adaptation strategies 
(Geneletti and Zardo, 2016; Matthews et al., 2015). The realization that heat waves and 
flooding have detrimental (financial) effects on infrastructure and public health has 
spearheaded the changing climate to the top of both research and policy agendas (EEA, 
2012; Steiner, 2014). At the same time, the ‘old’ topics of recreation, aesthetics and health 
remain highly relevant. With an urban population that continues to expand worldwide (UN, 
2014), UGS plays an essential role in providing citizens with a healthy, comfortable and safe 
living environment (Kabisch et al., 2016b). It is not surprising that in this time of global 
change and uncertainty, employing UGS’ multifunctional character is in full swing. The 
ecosystem services concept helps defining, assessing and valuing the multifunctional 
character of UGS. 

 

Knowledge gaps 
 

While many aspects have been studied in the UGS context, there are also aspects that are 
underexposed. First of all, there is a geographical knowledge gap. Most UGS research is 
carried out in North America, Europe and increasingly also China while other parts of Asia, 
Eurasia, Africa, Latin America and Oceania are understudied (Haase et al., 2014b; Kabisch et 
al., 2015; Krajter Ostoić and Konijnendijk van den Bosch, 2015; Roy et al., 2012). Although 
UGS research is gaining importance with the rapid growth of especially cities outside Europe 
and the US, studies in these regions are still relatively sporadic and limited to the bigger 
urban enclaves. This is particularly striking since it is exactly here that the role of UGS may 
be most dynamic due to the immense pressure on open space caused by high urbanization 
rates (Schetke et al., 2016).  

Second, there is a lack of studies assessing the multiple benefits of UGS. The majority covers 
a single ecosystem service. Of these, most are regulating services such as local climate and air 
quality control or carbon uptake. Provisioning services such as material collection but also 
cultural aspects such as spiritual experience and social cohesion are understudied (Haase et 
al., 2014b; Kabisch et al., 2015). More cross-scale multi-benefit studies are needed to gain a 
deeper understanding of how to best employ the multifunctional character of UGS.  

Third, few studies have taken up a temporal perspective that places past land use and 
perceptions next to the current status of UGS, or related past to current UGS preferences 
(Haase et al., 2014b; Nassauer and Raskin, 2014). This makes that little is known about the 
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dynamics of UGS and its consequences, i.e., what changes in UGS type, quantity, quality 
and/or accessibility mean for its users and the city at large. If studies do incorporate 
dynamics of change, it is mostly from a quantitative land cover approach, e.g., unfolding the 
loss of UGS over time (Haaland and Konijnendijk van den Bosch, 2015; Zhou and Wang, 
2011).  

Fourth, research on equity issues is overshadowed by research on UGS functions and 
management (Rutt and Gulsrud, 2016). More research is needed on the factors underlying 
environmental inequity, possible solutions in planning and design, and how UGS can help 
alleviate instead of maintain or even increase poverty (Rigolon, 2016; Suich et al., 2015). 
Cities face the challenge to guarantee sufficient, safe, accessible and good quality UGS for all 
user groups: young, old, poor, rich, native, migrant, berry picker, sports fan, etc. Recent 
attention for social justice, gentrification and environmental equity indicates that cities have 
trouble ensuring a balanced UGS portfolio (Wolch et al., 2014). 

Fifth, conceptual studies make up a very small percentage of UGS research (Kabisch et al., 
2015). As the research field goes back several decades, and even over a century if one 
considers early thoughts on urban planning as part of the field, it is surprising that not more 
conceptual work has been done. The UGS library is filled with empirical evidence from case 
studies and experiments, of which many are discussed in reviews (e.g. Bowler et al. (2010) 
for UGS’ role in cooling, Rupprecht et al. (2015a) for biodiversity, Tzoulas et al. (2007) and 
van den Berg et al. (2015) for health, and Rigolon (2016) for issues of access), but from 
which little theory seems to have sprouted. This is worrying, since conceptual development 
is highly valuable for researchers and planners alike. 

 

Research challenges 
 

Methodological and empirical challenges hinder progress in addressing the knowledge gaps 
indicated above. Only few cities hold accessible records of historical, thematic and (high-
resolution) spatial data suitable to assess ecosystem services provided by UGS, plus there is 
still a lot to win in terms of indicator development (Haase et al., 2014b). Linking ecosystem 
services supply and demand also remains challenging. A major hurdle is that supply studies 
generally use quantitative methods while demand studies are more frequently based on 
qualitative evidence. Then there is a severe need for comparative studies in different cities 
within and across countries (Kabisch et al., 2015). Many studies focus on a single city or a 
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single UGS element (parks are on top of the list, followed by trees). Without comparative 
evidence, generalization becomes complicated, and without generalization it is hard to draw 
lessons that can feed UGS policy or inspire other cities. 

We need to explore how UGS can increase resilience against shocks. The growing cultural 
and economic heterogeneity of our globalizing cities makes that UGS planning needs to be 
adapted to new user groups (Kabisch et al., 2015; Rutt and Gulsrud, 2016), while financial 
crises, natural disasters, aging and shrinking cities and renewed citizen engagement mandate 
an adaptive role of UGS and more flexibility in terms of planning and management (Steiner, 
2014). Trends such as brownfield redevelopment and urban agriculture are indicative for this 
need (Haase et al., 2014a; Nassauer and Raskin, 2014). We need to dig deeper into human-
environment relations, which is done best by depending less on expert driven and more on 
participatory approaches (Krajter Ostoić and Konijnendijk van den Bosch, 2015). This links 
to a related need for novel governance systems that involve a wider array of stakeholders, 
call for more qualitative research methods, and explore ways for citizens to influence 
decision-making. 

We also need to invest more in and find better ways to link knowledge to action (Steiner, 
2014). This challenge is threefold. UGS research ought to play a more active role in guiding 
UGS planning and design, stimulating citizen science, and creating awareness on the role and 
benefits of UGS, e.g., for climate adaptation. The latter function, creating awareness on UGS 
benefits, is of particular importance in cities currently expanding and struggling with the 
immense pressure on land, often found in developing countries (Kabisch et al., 2015). While 
UGS is disappearing rapidly here, established cities in other parts of the world are trying 
their utmost best to bring back water and greenery into the crammed urban fabric, resorting 
to roofs and walls. More time and effort devoted to demonstrating and communicating UGS 
research can help save remaining urban natural and open spaces, and create new ones. 

With the current urban challenges settling in steadily and widespread, the ‘old’ and ‘new’ 
study foci need to unite and come up with solutions that last into at least the near future. In 
order to do so, it is essential to take into account the past, current and future role of UGS. 
This means that biophysical studies need to be combined with sociocultural ones to catch 
the full array of supply and demand for UGS and their respective benefits, i.e., ecosystem 
services. To gain such insight, we need an interdisciplinary research effort that can integrate 
spatial features with societal values, and one that understands that the processes between 
them are dynamic and adaptive. 
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OBJECTIVE AND HYPOTHESES 
 

The objective of this thesis is to contribute to addressing the identified knowledge gaps and 
research challenges. The work in the thesis aims to contribute to an improved understanding 
of the role of urban green space (UGS) to inform planning, design and management using 
interdisciplinary approaches. Out of the large knowledge gaps, the thesis focusses on 
addressing the spatial and temporal dimensions of the supply of multiple UGS-generated 
ecosystem services, and the demand therefor, by different user groups and in different 
contexts. This is done by addressing three research questions: 

1. How do UGS features determine the role of UGS in providing ecosystem services 
bundles over space and to different user groups? 

2. How does societal demand influence the understanding, value and role of UGS? 
3. How do supply and demand for UGS change in time with urban development and 

changing ecosystem service demands? 
 

Hypotheses 
 

We expect that the role and spatial distribution of UGS is related to local ecological history, 
urban development and structure, shifting priorities and a diversity in user groups. Next to 
variation in the number and size of UGS, we expect variation in UGS type and quality. Such 
variations may render different UGS functions and bundles of ecosystem services locally, 
and serve different people in different ways. Yet we do not only expect the supply of UGS 
and respective ecosystem services to differ, also the demand for these may be different 
among user groups. We suppose that users may have dissimilar ideas about the role of UGS 
and understand and value UGS benefits differently. Finally, and although most studies are 
static assessments of UGS and their benefits, we expect that UGS’ spatial features, functions, 
use as well as users’ demand for ecosystem services change over time. That would make 
supply and demand for UGS and ecosystem services dependent on space, time, users and 
context. 
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RESEARCH DESIGN 
 

We use a combination of methods to answer the research questions and address the 
knowledge gaps as identified: geographical focus, multiple benefits, temporal perspective, 
environmental equity and conceptual studies. Fig. 1.1 illustrates how the methods used in the 
four thesis chapters combine to address the knowledge gaps and how they reflect the four 
dimensions: space, time, users and context.  

Chapter 2 presents a methodology for quantifying and mapping multiple ecosystem services 
provided by different UGS types using high-resolution spatial data. The chapter analyzes the 
spatial distribution of six ecosystem services and reveals patterns of ecosystem services 
supply at different scales. Combining quantification with mapping methods allows the 
assessment of trade-offs and synergies in ecosystem services supply as well as the 
identification of possible underserved areas. This chapter addresses how UGS features 
determine the role of UGS in providing ecosystem services bundles over space (research 
question 1). 

Chapter 3 is a sociocultural valuation of UGS and ecosystem services that uses a novel 
multidimensional method to gauge residents’ perceptions regarding using UGS for climate 
adaptation. The chapter uses spatial data and findings from Chapter 2 to explore whether 
residents’ perceptions of urban heat and flooding and preferences for UGS are related to the 
available UGS in their neighborhood. By comparing two neighborhoods, the chapter also 
provides insight into environmental equity, e.g., whether residents of UGS deprived streets 
experience more problems with urban heat and flooding. In this chapter we address how 
UGS features determine the role of UGS in providing ecosystem services to different user 
groups and how societal demand influences the understanding, value and role of UGS 
(research questions 1 and 2). Both Chapters 2 and 3 are based on the case study city of 
Rotterdam, the Netherlands. 

Chapter 4 is set in the context of degrading and upgrading urban lakes in Bengaluru, India. 
The chapter combines a household survey with participatory mapping to illustrate how rapid 
urbanization and environmental change lead to shifts in ecosystem services use by low-
income households over time, and how residents adapt to change. The household survey 
explores the range of user experiences and responses whereas the participatory mapping 
method explores the local historical and societal context to reveal equity issues related to 
UGS ownership, access, management and stewardship. This chapter tackles how societal 
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demand influences the understanding, value and role of UGS and how supply and demand 
for UGS change in time with urban development and changing ecosystem service demands 
(research questions 2 and 3). 

Chapter 5 builds on literature review and case study findings from the previous chapters to 
present conceptual insights in the changing role of UGS. The chapter frames shifts in the 
role of UGS in the context of urban development and global change by illustrating 
trajectories of change and emerging trade-offs within society. Whereas the case study 
findings provide insights into the spatial and user dimensions, the literature review adds 
temporal and contextual understanding. This chapter theorizes how supply and demand for 
UGS change in time with urban development and changing ecosystem service demands 
(research question 3). 
 

 

Methods 

Knowledge gaps 
 

Ch. Geographical 
focus 

Multiple 
benefits 

Temporal 
perspective 

Environ-
mental equity 

Conceptual 
studies 

Quantification      
2 

Mapping       

Sociocultural valuation         
3 

Spatial analysis       

Household survey         
4 

Participatory mapping          

Case study findings          
5 

Literature review          

 

Dimensions 

 Space   Time   Users   Context 

 
Figure 1.1 Overview of the methods used in the thesis chapters (Ch.) and how they combine to 
address the knowledge gaps and reflect the four dimensions of the thesis objective (below, color-
coded) 
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Case study approach 
 

The case studies in Rotterdam and Bengaluru are a fundamental part of this thesis. The 
choice for these two cities has several reasons. Most importantly, the two cities are in a 
different phase in terms of the role of UGS. UGS in Rotterdam mostly serves a recreational 
and aesthetic purpose with a trend towards combining this purpose with climate adaptation 
goals. It is very much a function-designed role, but one that is currently transforming into a 
multifunctional role now that residents become increasingly involved via community action. 
UGS in Bengaluru, here: lake ecosystems, serves a traditional livelihood supporting purpose 
at few locations and at most other locations UGS consists of degraded ecosystems that 
function as urban wasteland. In Bengaluru the most likely trend is for UGS to become lost, 
or in a few lucky cases be transformed into a park for recreation and beauty. Other than in 
Rotterdam, the community action for this transformation has its origin in a small, rich part 
of the urban population. The different role that UGS in Rotterdam and Bengaluru takes on 
makes the two case studies complimentary to each other and results in a better 
understanding of this role. 

The second major reason to select Rotterdam and Bengaluru as case studies for this thesis is 
that each offer an opportunity to focus on specific dynamics related to the role of UGS; 
spatial dynamics for Rotterdam and temporal dynamics for Bengaluru. High-resolution 
spatial data of a range of UGS types are available for Rotterdam and not Bengaluru, making 
Rotterdam an interesting case to study UGS features and the spatial distribution of UGS-
generated ecosystem services. In turn, Bengaluru and not Rotterdam is currently 
experiencing rapid urbanization and environmental change, making Bengaluru an interesting 
case to study temporal aspects related to the role of UGS such as the use of ecosystem 
services over time. As a result, the two cases together enable an improved understanding of 
both the spatial as well as the temporal dynamics related to the changing roles of UGS. 

 

Designing the case study research 

In Rotterdam we collaborated with the municipal government to design two research 
projects. We discussed the selection of ecosystem services for quantification and mapping in 
Ch. 2, for which the municipality provided detailed spatial data of UGS elements, and 
together decided to focus on urban heat and flooding for the sociocultural valuation in Ch. 
3. In Bengaluru we collaborated with researchers from two research institutes and a 
community health organization to set up the study in Ch. 4. Again we designed the research 
method in close collaboration, especially the locally tailored choice cards which were used in 
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the household survey. The case studies are also essential contributions to the conceptual 
study in Ch. 5 for which they helped shape the framework of UGS roles and trajectories. 

 

Structure of this thesis 
 

This thesis consists of six chapters: an introduction, four main research chapters and a final 
chapter in which we provide a synthesis of the answers to the research questions. Fig. 1.2 
shows a schematic display of the four main research chapters, and how they cover the 
supply-demand nexus and temporal dimension following the research questions. Midway the 
thesis we provide an Intermezzo in the form of a photo essay about an art project that 
evolved from the research in Chapter 4. Appendices to chapters 2, 3 and 4 are available with 
the online versions as published by the respective journals. 

 

 

 
 
Figure 1.2 Schematic display of the four main chapters in this thesis, and how they cover the 
supply-demand nexus and temporal dimension following the research questions 
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CHAPTER 2 ■ 

Quantifying ecosystem services based on high-resolution 
data of urban green space: an assessment for Rotterdam, 

the Netherlands 
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ABSTRACT 
 

The urban dimension of ecosystem services (ES) is underexposed, while the importance of 
ES for human well-being is nowhere as evident as in cities. Urban challenges such as air 
pollution, noise, and heat can be moderated by urban green space (UGS), simultaneously 
providing multiple other services. However, available methods to quantify ES cannot 
typically deal with the high spatial and thematic resolution land cover data that is needed to 
better understand ES supply in the urban context. This study derives methods to quantify 
and map a bundle of six ES as supplied by UGS, using land cover data with high spatial and 
thematic resolution, and applies these to the city of Rotterdam, the Netherlands. Land cover 
data comprise eight classes of UGS. Methods are derived from an evidence base on the 
importance of UGS types for the supply of each of the six ES that was built using literature 
review. The evidence base reveals that UGS types differ in their contribution to various ES, 
although the strength of the evidence varies. However, existing indicators for urban ES 
often do not discriminate between UGS types. To derive UGS-specific indicators, we 
combined methods and evidence from different research contexts (ES, non-ES, urban, non-
urban). Rotterdam shows high spatial variation in the amount of UGS present, and 
accounting for this in ES supply reveals that ES bundles depend on UGS composition and 
configuration. While the contribution of UGS types to ES supply differed markedly with 
UGS type and ES considered, we demonstrate that synergies rather than trade-offs exist 
among the ES analysed. Our findings underline the importance of a careful design of urban 
green space (UGS) in city planning for ecosystem services (ES) provision. Based on the 
latest insights on how different UGS provide ES, the methods presented in this study enable 
a more detailed quantification and mapping of the supply of ES in cities, allowing 
assessments of current supply of key urban ES and alternative urban designs. Such 
knowledge is indispensable in the quest for designing healthier and climate-resilient cities. 
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INTRODUCTION 
 

In recent years many studies have developed methods for the quantification (e.g. Gómez-
Baggethun and Barton, 2013; Willemen et al., 2008) and valuation (Boyd and Banzhaf, 2007; 
Johnston and Russell, 2011) of ecosystem services (ES). Most publications aim at quantifying 
ES at regional or national scales with a focus on natural and rural landscapes. Less than 10% 
of all ES publications deal with urban ES (Gómez-Baggethun and Barton, 2013; Hubacek 
and Kronenberg, 2013). This is surprising, as the importance of studying ES for human well-
being seems most evident in cities. An important part of changes in land use and ecosystems 
is driven by urbanization (Larondelle and Haase, 2013) causing typical city problems such as 
air pollution, noise, and heat stress that may be moderated by urban ES. 

The limited attention received by urban ES may be explained by the small size of urban 
ecosystems and the relatively low ecological value ((Davies et al., 2011). Many of the 
available studies on urban ES relate to the benefits provided by urban green space (UGS) 
(e.g. Bolund and Hunhammar, 1999; Priego et al., 2008). Vegetated and water-rich areas are 
the most appreciated natural elements in cities (Swanwick, 2009). These UGS are known to 
improve people’s physical and mental health, moderate the urban heat island effect, heighten 
the quality of life, facilitate social inclusion, and boost real estate prices (e.g. Bowler et al. 
2010; Chang & Chou 2010; Tzoulas et al. 2007). UGS provides essential ES to counter 
challenges that need to be addressed in situ at the time that the nuisance occurs, such as 
noise, heat stress, and excessive storm water run-off, and are therefore a good starting point 
for urban ES assessments (Andersson et al., 2014b; Niemelä, 2014). 

Among those studies undertaken in cities very few consider a broad bundle of ES required 
for human well-being, go beyond the use of arbitrary classifications and coarse land cover 
data, or apply methods that allow to spatially link ES supply with demand (Haase et al., 
2014b; Seppelt et al., 2011; but see for an exception McPhearson et al., 2013). For 
policymakers, land managers, and environmental educators to work with the ES concept, 
knowledge must be provided in a form that suits their specific needs (Burkhard et al., 2010). 
Mapping exercises that depict which ES bundles are supplied, on which location, in what 
quantity, and by which UGS type can support decision-making by guiding the way to a more 
optimal allocation and design of UGS. Although requests from policymakers for such tools 
are considerable, ES maps still suffer from a lack of spatial and thematic detail to account for 
the fine-scale green features that supply ES in cities close to people’s demand (Burkhard et 
al., 2012; Gaston et al., 2013). 
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This study aims to address the research gaps identified above by: (i) developing methods to 
quantify a bundle of six urban ES, as supplied by different UGS types; (ii) determining the 
spatial distribution of ES supply by mapping them on the city scale using high-resolution 
data and (iii) identifying synergies and trade-offs between the type and quantity of UGS and 
ES supply. We first review the literature on the relevance of UGS for the supply of six ES 
and derive from insights on the underlying processes the evidence base to quantify and map 
the provision of these ES by various UGS types for the city of Rotterdam, the Netherlands. 
Subsequently, we apply these insights to identify possible synergies and trade-offs in urban 
ES supply for different neighbourhoods in Rotterdam. As such this study translates 
empirical evidence of ES supply into practical methods that enable the assessment and 
enhancement of ES supply in cities. 

 

MATERIALS AND METHODS 

Study area and data sources 
 

Rotterdam (Fig. 2.1) is the second largest city of the Netherlands and Europe’s major port. 
The city covers 326 km2 and has a population of over 600 000 (1.3 million in metropolitan 
area). Rotterdam is a commercial and industrial hub at the New Meuse River, a modern city 
famous for its architecture rather than greenness. With the ‘Rotterdam Climate Change 
Adaptation Strategy’ the city invests in climate-proofing against its major challenges: heat 
stress, flooding, and air and noise pollution. To characterize UGS and map ES, we used data 
that represent the spatial occurrence of different UGS types. Data of eight UGS categories, 
i.e. high thematic detail, were compiled from urban green maintenance maps, cadastral maps 
and land use maps (Table 2.1, Fig. 2.2, Appendix S1, Supporting Information). All urban 
green elements were available as polygon or point data delimiting each UGS element (i.e. 
high spatial resolution). 

 

Quantification of urban ecosystem services 
 

We selected six ES given their relevance for human health and well-being in cities: air 
purification, carbon storage, noise reduction, run-off retention, cooling, and recreation. For 
each of these ES we reviewed the literature to devise methods to quantify and map the 
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services (See Table 2.2 for a summary of quantification methods; and Appendix S2 for 
details on the literature used, assumptions made and methods applied). 
 

 
Figure 2.1 Map of Rotterdam, the Netherlands highlighting key characteristics 

 
Table 2.1 Description of urban green space (UGS) dataa 

UGS type Description Data baseb Type Year 
Tree Individual tree, mostly street trees Public works 

Tree maintenance 
Line  
Point 

2008–2012 
2012 

Woodland Clustered trees, urban forest Green maintenance Polygon 2012 
Tall shrub Shrub or hedge sized 2–5 m Green maintenance Polygon 2012 
Short shrub Shrub or hedge sized <2 m Green maintenance Polygon 2012 
Herbaceous Low vegetation consisting of non-woody plants; 

mostly grasses and herbs 
Green maintenance Polygon 2012 

Garden Domestic garden consisting of a mix of vegetation, 
water, and sealed surface 

Plot boundaries 
Building boundaries 

Polygon 
Polygon 

2010–2012 
2012 

Water Pond, lake, canal, river Land use Rijnmondc Polygon 2008, 2009 
  Land use Rotterdam Polygon 2012 
Other Allotment garden, sports field, zoo, golf course, 

cemetery 
Land use Rotterdam Polygon 2012 

a See Appendix S1 for background information on data sets 
b Made available by Rotterdam municipality 
c Available online from Geoplaza: http://geoplaza.vu.nl/cdm/search/collection/gpz/collection/gpz 
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Figure 2.2 Maps of Rotterdam neighbourhoods with water, public green, tree and garden cover. 
Public green comprises the urban green space categories ‘woodland’, ‘tall shrub’, ‘short shrub’, 
‘herbaceous’ and ‘other’ 
 

Air purification 

Waste treatment, industry, transport, and residential heating installations pollute the urban 
air and lead to increased occurrences of cardiovascular and respiratory disease (Leiva G et al., 
2013). Vegetated areas improve air quality by filtering atmospheric particulates such as 
nitrogen dioxide (NO2), particulate matter (PM10), and sulphur dioxide (SO2). Vegetation 
takes up more pollutants when pollution concentrations are high (Tallis et al., 2011), which 
supports having trees near an emission source to benefit citywide average air quality. 
However, at the very local scale trees may hamper emissions mixing with the surrounding 
atmosphere, leading to high localized pollution concentrations (Vos et al., 2013). We define 
air purification as the lowering of background air pollution concentrations. 
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We focus on PM10 because it is most harmful to citizens’ health and most effectively 
captured by UGS. Pollutant uptake increases with greater leaf area so that tall plants and 
trees are most efficient. Most studies use mathematical derivations and the Urban Forest 
Effects (UFORE) or i-Tree model (see Nowak and Crane, 2000) to calculate air pollutant 
capture by UGS. A drawback of these methods is that the heterogeneous UGS pattern 
throughout the city is not taken into account. Therefore, we distinguished between different 
UGS types and their air pollution capture capacities, expressed as g PM10 captured per m2 
UGS per year (Table 2.2 and Appendix S2). To account for the influence of pollution 
concentration we used a 50-m buffer around main roads (see Appendix S1) within which the 
air purification rates of UGS were considered twice as high as reported in Table 2.2. 

 
Carbon storage 

Although the contribution of UGS in overall carbon storage is relatively small and 
undervalued in national assessments, its potential as a carbon reservoir is significant 
(Hostetler & Escobedo 2010). In quantifying carbon storage two factors are important, the 
first being biomass volume, which is proportional to the carbon storage capacity of trees. 
The second factor is vegetation type. Almost all above-ground carbon storage takes place in 
trees and only a small percentage is stored in shrubs and herbaceous vegetation. Especially in 
cities it is important to realize that typical UGS such as pruned trees, lawns, and flower beds 
generally do not sequester much CO2 and its maintenance can even emit sizeable amounts of 
CO2 and N2O through fertilization practices (Escobedo et al., 2012; Jo and Mcpherson, 
1995). Yet, soils do contain a large carbon stock, particularly the soil beneath lawns (Pouyat 
et al., 2006). However, quantifying soil carbon in urban contexts is complex, as urban soils 
are often mixed and disturbed. We, therefore, define this ES as gross above-ground carbon 
storage and consider the amount of carbon stored rather than its dynamics in time. 

We applied UGS-specific carbon storage estimates to all UGS categories except water. Rates 
are expressed as kg carbon per m2 and derived from studies presenting estimates for cities 
comparable to Rotterdam (Table 2.2). 

 
Noise reduction 

Nuisance from noise is detrimental to neighbourhood liveability, living comfort and work 
environments, and can increase risk of serious health problems such as hearing loss and 
cardiovascular disease (Bolund & Hunhammar 1999). Urban ecosystems provide noise 
reduction services by serving as natural sound buffers (Van Renterghem et al., 2012). 
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Vegetation provides both a direct and an indirect barrier to environmental noise. Starting 
with its direct functions, green belts attenuate noise by absorption, dispersal, and destructive 
interference of sound waves, though sound levels can intensify locally if measured right 
below tree crowns. Indirect noise reduction effects are generated by lessened wind speeds 
and the absorptive capacity of pervious soils (Aertsens et al., 2012). 

Several factors influence the acoustic effect of UGS (Aertsens et al., 2012; Chaparro and 
Terradas, 2009): (i) distance: the closer vegetation is placed to a noise source, the more noise 
it mutes; (ii) the frequency (Hz) of noise emissions, and (iii) vegetation characteristics. Other 
factors that influence noise reduction are sound duration, climate (temperature, humidity, 
wind direction, wind speed), and soil type (Van Renterghem et al., 2012). We define the ES 
noise reduction as the physical capacity of vegetation to attenuate environmental noise. 

We accounted for two factors that influence noise reduction services: vegetation 
characteristics and distance to the noise source. Our analysis focuses on road traffic noise as 
this is a constant source and most disturbing to people (Van Wijk 2012). A 50-m buffer 
around main roads (Appendix S1) ensured that only UGS within a short distance from the 
noise source contributed to our estimate. Most noise attenuation effects are measured up to 
a distance of 50 m from the road and in a dense urban environment most sound waves are 
blocked by buildings beyond that distance (Fang & Ling 2003). Single rows of trees are not 
effective in reducing noise levels; therefore, we set noise reduction by individual trees to 
zero. The same applies to gardens, as traffic noise generally does not reach gardens. This 
leaves five UGS categories for which we used mean values derived from a range of noise 
attenuation rates in the literature, and expressed as attenuated dB(A) per 100 m2 (Table 2.2). 
 

Run-off retention 

In cities, natural drainage is severely hindered by large scale sealing – with sewer overflow, 
street pollutant wash-off, obstruction of groundwater recharge, and damage to homes and 
businesses as possible consequences (Chaparro & Terradas 2009). UGS mitigates these 
undesirable effects and supports cities in adapting to climate change through natural storm 
water management (Bolund and Hunhammar, 1999). Vegetation intercepts rainfall and 
gradually releases it to the ground as stem flow or by falling and stores rainwater in its 
branches and leaves to later evaporate (Xiao and McPherson, 2003). Rainfall also directly 
infiltrates the permeable soil underneath vegetation. Factors influencing the run-off 
regulation function are intensity and duration of precipitation events, climate, slope, and 
vegetation characteristics. Trees contribute largely through interception, while grass absorbs 
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most of the rainwater through infiltration (Armson et al., 2013). Water bodies support 
retention through their storage capacity (Everard and Moggridge, 2012). The topography of 
Rotterdam includes hardly any sloping; hence we define the ES run-off retention as the 
combined effect of rainfall interception, infiltration and storage by water bodies. 

We estimated the combined effect of interception and infiltration services based on the 
approach of Tratalos et al. (2007). Run-off calculations were made for a 10-mm rainfall event 
which indicates a typical ‘wet day’ in the Netherlands. For extreme rainfall events the ES is 
more critical, but also in case of moderate rainfall the service is important in limiting water 
treatment and drainage costs. We adopted run-off coefficients used by Tratalos et al. (2007) 
and calculated run-off retention rates for the UGS types, expressed as litres of retention per 
m2 (Table 2.2 and Appendix S2). Water bodies were included and appointed the highest rate 
as they capture all rainfall for such an event (Pauleit and Duhme, 2000). 

 
Cooling 

Climate change is expected to lead to an increase in the frequency and intensity of heatwaves 
(IPCC, 2012), leading to increased energy costs and enhanced morbidity and mortality. The 
Urban Heat Island (UHI) effect is caused by paved surfaces that impede evapotranspiration, 
dense structures that reduce wind speed, and dark building materials that absorb solar energy 
in the daytime and release the heat gradually at night, slowing down the air cooling process. 
For example, an UHI of 7°C has been measured in London (Wilby, 2003) and Rotterdam 
(Klok et al., 2012). UGS provides a cooling effect at local to regional scales that moderates 
the UHI, enhances human comfort and reduces energy demand (Armson et al., 2012).  

Vegetation regulates the urban microclimate in three ways: (i) by intercepting incoming solar 
radiation (shading); (ii) through the process of evapotranspiration, and (iii) by altering air 
movement and heat exchange. Shading and evapotranspiration contribute most to the 
cooling effect (Skelhorn et al., 2014). Vegetated patches have a cooling effect of 1–4°C that 
lessens with increasing distance and depends on surface area, vegetation type, and spatial 
conjunction ( Xie et al. 2013). The cooling effect of herbaceous plants occurs mostly in 
smaller patches and not so much in park lawns because short grasses tend to heat up easily. 
Water can contribute to a cooler microclimate through evaporation, movement, and heat 
absorption, but its effectiveness is contested (Steeneveld et al. 2014). We define the ES 
‘cooling’ as temperature reduction by vegetation through shading and evapotranspiration, 
and consider the cooling effect of water bodies to be zero. 
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We estimated Rotterdam’s cooling service by calculating total UGS cover (Table 2.2). This 
included the surface area of trees, shrubs, and woodland. Herbaceous vegetation, gardens, 
and other green areas were given a weight of 0.5 because these are primarily composed of 
lawns which have a low cooling potential (Skelhorn et al., 2014). 

 
Recreation 

Recreation opportunity may be the greatest perceived benefit of UGS (Andersson et al., 
2014c). Research points out that spending time in green areas results in improved physical 
and mental health and cities become more attractive when offering ample recreation 
opportunities. Recreation opportunity is a cultural ES closely related to aesthetics; scenic 
beauty generally increases a site’s recreation potential. Although area size is important, 
informal UGS such as allotments and neighbourhood green is found to be equally attractive 
for recreational purposes as formal UGS such as parks (Van Herzele and Wiedemann, 2003). 

Here, we consider the potential of UGS for everyday outdoor recreation of short duration, 
such as (dog) walking, physical exercise, and relaxation. Most quantification methods in the 
literature are fairly coarse, using proxies such as UGS area per capita (e.g. Dobbs et al., 2014; 
Haase et al., 2012), number of people within a given distance from UGS (e.g. Maes et al., 
2013), or number of UGS within a given distance from census tracts (e.g. La Rosa, 2014). 
Such methods do not distinguish between specific UGS types. Alternatively, recreation 
supply is quantified using relations between landscape structure and perception. Whereas 
most preference studies refrain from differentiating between vegetation types, they do 
provide a more detailed insight into which landscape features influence a site’s attractiveness 
and we could deduct the following generalizations: (i) people slightly prefer a vegetation 
landscape over a water landscape; (ii) people prefer a high degree of naturalness; (iii) people 
prefer variation and an open structure. In the absence of appropriate quantitative data on 
how much particular UGS types are valued over others we transferred the above-mentioned 
findings into an indicator that can be applied to the UGS categories (Table 2.2). Because 
parks are more likely to feature a combination of vegetation, water, naturalness, variation, 
and an open structure than e.g. street vegetation, we doubled the index value of UGS 
elements located within Rotterdam’s parks. 
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Mapping and analysis methods 
 

The ES indicators devised from the literature and described in the previous section were 
applied to high-resolution UGS data within a GIS environment (ESRI ArcMap 10.1). In the 
first step, the ES supply per UGS element was calculated by multiplying the area of each 
element by the ES supply per m2 of the respective UGS type, as listed in Table 2.2 (see 
Appendices S1 and S2 for details on data handling and quantification methods). 
Subsequently, ES supply by individual UGS elements was aggregated to neighbourhood 
(n=81) and district (n=17) level and normalized by area to enable comparison. Results are 
interpreted at individual ES level as well as at ES bundle level, in terms of spatial patterns. 
To identify ES bundles we performed a cluster analysis on neighbourhood level that 
differentiates between ES bundle types using a K-Means Cluster Analysis. To facilitate the 
cluster analysis we normalized ES values on a scale 0–1 using minimum and maximum 
scores. 

 
Table 2.2 Overview of ecosystem service (ES) indicators and supply rates, specified per urban green 
space (UGS) type 
UGS type Air 

purification* 
(g m-2 yr-1) 

Carbon storage 
(kg m-2) 

Noise reduction*  
(dB(A) 100 m-2)†  
(range) 

Run-off 
retentionp 
(L m-2) 

Cooling  
(UGS 
fraction: 
weight) 

Recreation*q 
(index value  
m-2) 

Tree 3.97a,b 10.64f,g,h,i,j,k – 8.4§ 1.0 2.15 
Woodland 2.69b 15.62g,i,j 1.125 (0.75–1.50) m 8.7 1.0 2.90 
Tall shrub 2.05c,d 7.79g 2.000 (1.50–2.50) m,n 7.3 1.0 2.55 
Short shrub 2.05c,d 5.61g 1.125 (0.75–1.50) m 7.3 1.0 2.55 
Herbaceous 0.90a,e 0.17g,l 0.375 (0.00–0.75) m,o 8.0 0.5 2.55 
Garden 0.82‡ 1.07g,j – 6.0 0.5 – 
Water – – – 10.0 – 2.20 
Other 0.82‡ 1.07g,j 0.375 (0.00-0.75) m 6.0 0.5 2.35 
*Rate is dependent on UGS location (air purification rate doubles for UGS within 50-m road buffer; noise reduction rate only applies 
to UGS within 50m road buffer; recreation rate doubles for UGS within municipal parks)  
†dB(A) stands for A-weighted decibels and is used to express sound as perceived by the human ear, by reducing the decibel values of 
low frequency sounds  
‡Rate is based on garden composition (Appendix S2)  
§Expressed per tree instead of per m2 crown area because most individual trees stand in small pits within paved surfaces and are 
therefore less effective in mitigating surface run-off, however, the rate should be seen as a minimum as it is based on a small canopy 
tree and therefore likely underestimates the service 
aMcDonald et al. 2007; bTallis et al. 2011; cEscobedo & Nowak 2009; dBaumgardner et al. 2012; eStewart et al. 2002; fChaparro & Terra-
das 2009; gDavies et al. 2011; hNowak et al. 2013; iRaciti et al. 2012; jStrohbach & Haase 2012; kZhao et al. 2010; lJo & Mcpherson 1995; 
mFang & Ling 2003; nAertsens et al. 2012; oBolund & Hunhammar 1999; pTratalos et al. 2007; qRecreation index is based on: Burgess, 
Harrison & Limb 1988; Richards & Curson 1992; Gobster 1995; Coles & Bussey 2000; Roovers, Hermy & Gulinck 2002; Akbar, Hale 
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& Headley 2003; Van Herzele & Wiedemann 2003; Todorova, Asakawa & Aikoh 2004; Jim & Chen 2006; Tyrväinen, Mäkinen & 
Schipperijn 2007; Kong, Yin & Nakagoshi 2007; Priego, Breuste & Rojas 2008; Swanwick 2009; Qureshi, Hasan Kazmi & Breuste 
2010; Jacobs et al. 2010; Grahn & Stigsdotter 2010; Korpela et al. 2010; Aertsens et al. 2012; Kienast et al. 2012; de Vries et al. 2013 

 

RESULTS 
 

Ecosystem service quantification 
 

The capacity to deliver ES differs per UGS type (Table 2.2). While some UGS types are able 
to provide several services in high quantities, particularly individual trees and woodland, 
there is no single best UGS type that outperforms all others for each ES. Individual trees do 
not contribute to noise reduction, while per unit area woodland is less effective in air 
purification than individual trees, and reduces noise less effectively than tall shrubs. Tall 
shrubs supply ES in equal or larger quantities than short shrubs, herbaceous vegetation, and 
gardens. The only exception is that herbaceous vegetation contributes more to run-off 
retention. Water bodies contribute to run-off retention and recreation only, and are the most 
effective UGS type for run-off retention. 

At the city scale, UGS types rank differently in the quantity of ES supplied, which is due to 
large differences in coverage (see Table 2.3 for UGS area and relative ES contribution). 
While shrub land has much potential (Table 2.2), tall and short shrubs together comprise 
only 3.9% of UGS in Rotterdam, thus having relatively little effect at the city scale (Table 
2.3). Individual trees are very effective ES suppliers: whilst comprising only 13% of all UGS, 
they contribute mostly to air purification, carbon storage and cooling. Water bodies are the 
most abundant UGS type (29.2%) and responsible for the largest shares in run-off retention 
and recreation. While herbaceous vegetation does not provide ES in high quantities per unit 
area (Table 2.2), due to its abundance (18.3%) it contributes most to noise reduction (35%), 
and second most to recreation and air purification (Table 2.3). 
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Table 2.3 Ecosystem service (ES) supply capacity in Rotterdam per urban green space (UGS) type 
  
UGS type 

  
Area 
(ha) 

  
Area (% of 
total UGS) 

Relative contribution of UGS types to ES  
Air 
purification 

Carbon 
storage 

Noise 
reduction 

Run-off 
retention 

Cooling Recreation 

Tree 891 13.0 45.4 49.5 – 0.3 28.0 14.4 
Woodland 359 5.2 12.5 29.3 26.9 6.5 11.3 11.1 
Tall shrub 56 0.8 1.5 2.3 7.8 0.8 1.7 1.2 
Short shrub 210 3.1 5.5 6.1 14.8 3.2 6.6 3.9 
Herbaceous 1270 18.5 15.2 1.1 35.0 21.3 19.9 27.1 
Garden 1257 18.3 11.9 7.0 – 15.8 19.7 – 
Water 1999 29.2 – – – 41.8 – 30.4 
Other 815 11.9 8.0 4.6 15.4 10.2 12.8 12.0 

 

Spatial patterns in ecosystem service supply  
 

For certain ES the spatial arrangement of UGS is a key determinant in service supply 
(Andersson et al., 2014b). For air purification for example, UGS filters more pollutants from 
the air when located in the vicinity of a pollution source, in this case the main road (Fig. 2.3). 
Supply of several other ES is also affected by UGS type, size, and location but in different 
ways. For example, for carbon storage it does not matter whether a city boasts a few large or 
many small green areas, whereas noise reduction is best supplied by long, continuous 
vegetation strips. 

Differences in the availability of UGS between neighbourhoods (Fig. 2.2) and the differences 
in ES supplied by UGS types creates considerable spatial variation in ES supply across the 
city (Fig. 2.4). The ES supply score generally increases with increasing distance from the city 
centre because central neighbourhoods are the most densely built-up and hence least green. 
The north-west region, which is characterized by agriculture, business areas, and the airport, 
scores lowest for each ES whereas the natural area of Kralingse Bos east of the centre scores 
highest. Also the Zuiderpark neighbourhood in the south supplies relatively many ES, 
whereas the area next to it in the south-west supplies relatively few. ES specific patterns can 
be detected for air purification, which is in high supply when a dense road network coincides 
with a high fraction of tall vegetation, which is the case just outside the city centre and less in 
areas along the river. Run-off retention shows a contrasting pattern with high supply in 
neighbourhoods with a large water fraction along the central east–west (river) axis. Presence 
of large water surfaces also boosts recreation potential, especially when combined with 
forested areas. 
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Figure 2.3 Detailed maps illustrating the distribution of UGS elements and air purification in 
relation to UGS. Upper: distribution of UGS, residential buildings, major roads. Lower: air 
purification supply per individual UGS element normalized for element area and proximity to air 
pollution source. 
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Figure 2.4 Supply of six ecosystem services, aggregated to neighbourhood level. 
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Ecosystem services bundles 
 

Rotterdam has distinct spatial discrepancies in terms of ES supply (Fig 2.5). Certain districts 
are being completely deprived of UGS and thus of ES, while others have high values for 
many or even all services. Central districts have average scores. Several districts in the west 
supply low values of ES, either for all services, or for all except run-off retention and 
recreation. The latter pattern is explained by the districts’ proximity to the river, while UGS 
abundance is low otherwise. 

A cluster analysis at neighbourhood level reveals five types of neighbourhoods with a 
comparable ES bundle (Table 2.4; Fig. 2.6). Cluster 1 is characterized by a large supply of all 
ES and consists of neighbourhoods that feature major city parks. Cluster 2 is concentrated in 
the west and has high values for air purification, cooling and noise reduction (due to a higher 
road density), but relatively low ES otherwise. Cluster 3 comprises many neighbourhoods 
across Rotterdam, and is characterized by a mixed ES bundle with moderate ES supply rates. 
Cluster 4 is characterized by a high value for run-off retention, a moderate recreation value, 
and low values for other ES, which is due to the high water fraction in these 
neighbourhoods. Cluster 5 is also large and consists of neighbourhoods with low values for 
all ES, found across Rotterdam. 

Between these six ES, synergies rather than trade-offs occur at the neighbourhood and 
district scale (Figs 2.5 & 2.6). Cooling, carbon storage and air purification demonstrate 
synergies as these are primarily being supplied by the same UGS types. To a lesser degree the 
same applies to noise reduction. Another synergy occurs between recreation and run-off 
retention, which are most strongly provided by water bodies. At the local scale the choice for 
particular UGS types may incur trade-offs between services, as not all UGS types are able to 
provide all ES (Tables 2.2 & 2.3). 

Table 2.4 Mean values for each ecosystem service (ES) within each of the clusters. The number of 
neighbourhoods per cluster is indicated with n 
 Cluster 
ES 1 

(n ═ 3) 
2 
(n ═ 5) 

3 
(n ═ 30) 

4 
(n ═ 12) 

5 
(n ═ 31) 

Air purification 0.82 0.80 0.54 0.18 0.28 
Carbon storage 0.75 0.44 0.36 0.11 0.16 
Noise reduction 0.52 0.73 0.22 0.11 0.11 
Runoff retention 0.86 0.52 0.40 0.80 0.27 
Cooling 0.82 0.81 0.58 0.20 0.28 
Recreation 0.77 0.29 0.19 0.36 0.10 
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Figure 2.5 Supply of ecosystem services (ES) bundles, aggregated to district level, with background 
colours depicting total urban green space (UGS) area (normalized for district area). 
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Figure 2.6 Spatial distribution of ecosystem services (ES) bundle types and average ES bundle for 
each cluster (in rose plots). 
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DISCUSSION 
 

Our work demonstrates that it is important to differentiate between UGS types and their 
spatial configuration in the quantification of ES in cities. From the literature we devised 
methods to quantify and map the supply of multiple urban ES using high resolution data 
(both spatially and thematically) on UGS types. For cities high resolution data on green 
elements are often readily available from public space management plans and cadastral maps 
(e.g. Kremer et al., 2013; Liu and Yang, 2013). While understanding ES supply is nowhere as 
evident as in cities (Bolund and Hunhammar, 1999), there are only a few studies that provide 
empirical evidence on how specific UGS types provide ES (Demuzere et al., 2014). For the 
six ES studied, no indicators were available in the literature that could quantify these ES 
based on the UGS data presented here. This necessitated the adaptation and combination of 
quantification methods from different research contexts and regions to make the best 
possible use of the data. The quantification methods were based on available empirical 
evidence in the literature that allowed the quantification of ES based on the most important 
determinants of ecosystem function of the different green elements. 

For the six ES presented, the evidence base to be able to construct the quantification 
methods differed substantially. Most information is available for carbon sequestration, but 
primarily for trees and less for other UGS (Table 2.2). For run-off retention evidence comes 
primarily from non-urban contexts (Armson et al., 2013). For noise reduction and cooling 
contradicting evidence for UGS contribution exists, hampering the development of reliable 
indicators. Recreation indicators often do not distinguish between different UGS types. 
Often the data available were too detailed for the existing coarse quantification methods, 
when ES rates were unavailable for the eight UGS categories or specific tree species that are 
expected to have differences in ES provisioning. Data limitations were the incomplete 
canopy size and missing Leaf Area Index data which would have been beneficial in 
calculating air purification services. Also, more specific soil data would have been helpful for 
estimating below-ground carbon storage and infiltration capacities for water retention 
services. 

The review of the evidence base in this paper therefore also provides insight into the needs 
and focus of future empirical studies on the ES capacity of UGS categories to reduce the 
uncertainties in quantification. The imbalance in availability of data between different ES and 
for different UGS types follows partly from the bias in frequency with which different ES 
are studied, and the lack of multi-service studies in the urban context (Haase et al., 2014b). 
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While in most ES assessments uncertainties are due to both data quality and assessment 
methods the major uncertainties in the urban environment relate to the quantification 
methods and the available empirical evidence to implement these methods. Available data on 
the location and characteristics of green elements is very detailed as compared to data 
available in rural ES assessments and is not considered a limiting factor as long as the 
different types of data bases are correctly integrated to avoid double counting (e.g. individual 
tree registries and park area data are overlapping). The uncertainties in the assessment are 
assumed to be large and difficult to quantify. A major source of uncertainty is the absence of 
specific values for the city of Rotterdam so that estimates from other studies and cities have 
been combined to generate an average value for Rotterdam. Only in case of independent 
measurements of the actual supply of the ES the validity of the assessment can be indicated. 
For most ES such data are not available. Only for cooling a comparison could be made with 
measured temperatures as described in Appendix S3. Ecological studies measuring 
ecosystem functions that can be used as indicators for urban ES are desperately needed in 
multiple urban contexts, both for improving current indicators, as well for cross-city 
comparison. 

Our results showed mostly synergies rather than trade-offs for the bundle of ES considered. 
Partly this is explained by the fact that UGS types provide multiple ES. Additionally, some 
services are provided by UGS only within a certain radius from the source of nuisance, such 
as air pollution and noise reduction, which are both related to road traffic. While the 
processes were devised independently for each ES from relevant literature, these processes 
happen to operate at similar scales, which explains another part of the synergies found. 

Because we studied ES supply within cities we did not take into account green areas in the 
urban-rural fringe while carbon storage, pollution removal, recreation, etc. are not bound to 
administrative borders (see Larondelle and Haase, 2013; Mcdonnell et al., 1997). Hence, our 
assessment may underestimate the ES supply in some neighbourhoods of the city because 
non-typical urban green infrastructure such as agricultural land was not considered. Only 
two outer districts contained agricultural lands (see S3), and given that we otherwise included 
all UGS types, including private gardens, we expect the underestimation to be limited. Our 
approach is justified by the primary focus on quantifying the role of typical UGS in the city 
rather than estimating total ES supply of the city. 

Quantifying ES based on detailed UGS data for Rotterdam demonstrates that not just the 
amount, but also the composition and configuration of UGS play a major role determining 
the bundle of ES provided to neighbourhoods, as similar studies also found (e.g. Andersson 
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et al., 2014b; McPhearson et al., 2013). Our analysis disentangled the expected contribution 
of each UGS type to each of the six ES. The assessment of multiple ES reveals major 
differences between neighbourhoods in amount and type of ES supplied. To some extent 
these differences may reflect differences in citizens’ demand for ES in different city 
neighbourhoods (residential districts require different ES as compared to districts dominated 
by business and industrial activities). However, the demand side of ES is incorporated in 
very few studies (Grêt-Regamey et al., 2012; Haase et al., 2014b; McPhearson et al., 2013) 
while information about spatial matches and mismatches between supply and demand is of 
great use to planners (McDonald, 2009). But even in the absence of detailed data on the 
demand for services, the different ES bundles in different neighbourhoods of Rotterdam 
reflect the different characteristics of these neighbourhoods and the possible ES shortages. 
The characterization of the neighbourhoods in terms of their ES bundle provides valuable 
information to urban planners and policymakers by providing insight into both the overall 
abundance of ES provision and the diversity of ES supply. In planning, this information may 
be used by accounting for the capacity of different UGS types in ES provisioning to ensure 
an adequate response to the needs for ES by planning and selecting UGS. 

Where most earlier studies on urban ES are often restricted to one or two ES, a coarser 
resolution of analysis and a single vegetation type (Haase et al., 2014b), we have shown the 
usefulness of considering a bundle of six urban ES, analysing different urban scales (street, 
neighbourhood, district, city), and making use of data at high spatial resolution and a lot of 
thematic detail in terms of UGS types. By doing so, we demonstrate an approach that can 
enhance the planning of green and sustainable cities by operationalizing the ES concept in a 
spatially explicit manner. The results indicate the multi-functionality of UGS, but also the 
strong variation in ES provided across the city. When related to residents’ demands and 
needs for ES our results can help to prioritize locations and UGS types to better match the 
ES demand and supply by UGS. 
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CHAPTER 3 ■ 

Green infrastructure for urban climate adaptation: how 
do residents’ views on climate impacts and green 

infrastructure shape adaptation preferences? 
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ABSTRACT 
 

Cities are particularly prone to the effects of climate change. One way for cities to adapt is by 
enhancing their green infrastructure (GI) to mitigate the impacts of heat waves and flooding. 
While alternative GI design options exist, there are many unknowns regarding public 
support for the various options. This study aims to fill this gap by performing a socio-
cultural valuation of urban GI for climate adaptation that encompasses multiple dimensions: 
people’s notion of and concerns about climate impacts, the degree to which people 
acknowledge the benefits of GI to alleviate such impacts, and people’s preferences for 
different GI measures, including their willingness to pay (WTP). Data were collected 
through photo-assisted face-to-face surveys (n=200) with residents in Rotterdam, the 
Netherlands, and linked to GI GIS data. Respondents had a notion of and concerns about 
climate impacts, but did not necessarily acknowledge that GI may help tackle these issues. 
Yet, when residents were informed about the adaptation capacity of different GI measures, 
their preferences shifted towards the most effective options. There was no information 
effect, however, on people’s WTP for GI, which was mostly related to income and ethnicity. 
Our study shows that economic valuation alone would miss nuances that socio-cultural 
valuation as applied in this paper can reveal. The method revealed preferences for particular 
adaptation designs, and assists in detecting why policy for climate adaptation may be 
hampered. Understanding people’s views on climate impacts and adaptation options is 
crucial for prioritizing effective policy responses in the face of climate change. 
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INTRODUCTION 
 

Climate change impacts in cities have received increasing attention (EEA, 2012; UN–
Habitat, 2011). It is becoming increasingly apparent that the combination of large 
populations, densely built structures and sealed surfaces seen in cities do not represent ideal 
conditions for tackling a changing climate. A climate in which weather events become more 
extreme may lead to an increase in flooding, droughts and heat stress, causing not only 
financial damage but also threats to public health and safety (Gao et al., 2015; IPCC, 2014). 

Because many cities are already facing climate-related challenges, city administrations are 
developing climate adaptation strategies – often ahead of national plans (Carter et al., 2015). 
Nature-based adaptation options such as vegetated drainage ditches and stormwater 
retention ponds (Church, 2015) are increasingly recognized as alternatives to technical 
solutions for flood protection. To reduce the urban heat island effect, city governments have 
started embedding green space within streetscape design to create more comfortable urban 
environments (Norton et al., 2015). Green infrastructure (hereafter referred to as GI) is the 
“infrastructure of green spaces, water and built systems, e.g. forests, wetlands, parks, green 
roofs and walls that together can contribute to ecosystem resilience and human benefits 
through ecosystem services” (adapted from Demuzere et al., 2014). It is increasingly 
recognized that careful design and implementation of GI can contribute to climate 
adaptation (Matthews et al., 2015). 

GI studies with a climate adaptation perspective typically focus on the two most challenging 
issues that cities encounter in the face of more frequent weather extremes: heat and flooding. 
The impacts of heatwaves and heavy rainfall events are magnified in urban areas because of 
the clustering of people and socioeconomic activity (EEA, 2012). GI can reduce urban heat 
and flooding by its shading, evaporative, interception and infiltration capacities (Demuzere 
et al., 2014; Derkzen et al., 2015). GI is also valuable for climate mitigation through its 
carbon storage function, for example in lawn-dotted (sub)urban USA (Visscher et al., 2014). 
In the context of compact and low-lying Dutch cities, however, its main functionality lies in 
climate adaptation. 

Beyond its role in climate adaptation and mitigation GI provides a range of other ecosystem 
services (TEEB, 2011). The ecosystem services framework is continuously developing and, 
although it has evoked a fair bit of criticism in the past decade (e.g. Silvertown, 2015), a 
majority of publications stresses the diversity of benefits provided by GI (Andersson et al., 
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2014b; Hansen and Pauleit, 2014). Shortcomings of multiple benefit approaches are that 
such approaches do not always consider synergies and trade-offs among GI benefits or fail 
to assess GI values for different urban contexts (Sussams et al., 2015). As a result, 
prioritization of GI designs and their respective benefits becomes complicated, but is urgent 
given climate change impacts. At least two efforts can help GI prioritization: (i) empirical 
studies on GI synergies and trade-offs that transcend different scale levels and can be 
repeated in other localities (Demuzere et al., 2014); and (ii) studies that address people’s 
needs and beliefs regarding GI benefits (Madureira et al., 2015). The latter is especially 
important for a successful implementation of GI-based climate adaptation strategies that 
provide benefits to the entire city and its residents. 

To be able to address people’s needs and beliefs regarding GI benefits, it is important to 
understand how citizens think about climate-related problems and the implementation of 
new GI. With such knowledge and the engagement of citizens, feasible and legitimate 
adaptation strategies that fit the local context can be developed (Anguelovski et al., 2014; 
Broto et al., 2015). Moreover, involving people in the planning process can increase people’s 
understanding of climate impacts and the need for adaptation can increase public support 
and inspire behavioral change (Baptiste et al., 2015; Demuzere et al., 2014). The difficulty lies 
in the existence of many unknowns: regarding people’s notion of and concerns about climate 
impacts (i.e. the need to adapt), regarding the degree to which people acknowledge the 
benefits of GI to alleviate such impacts, and regarding people’s preferences for the different 
GI measures, including their willingness to pay (WTP) for such measures (Byrne et al., 2015; 
Madureira et al., 2015) (Fig. 3.1). Successful design of adaptation measures requires an 
understanding of these different unknowns, and how they relate to one another. 

 

 
Figure 3.1 Flow diagram of the five dimensions of people’s views on green infrastructure (GI) 
adaptation measures 
 

Existing socio-cultural valuation studies address different dimensions of climate impacts and 
GI benefits. In this context, multiple terms are used somewhat interchangeably, like 
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awareness, perception, understanding and perceived importance (e.g. Burger, 2014; Byrne et 
al., 2015; Klemm et al., 2015a; Shackleton et al., 2015). More importantly however, these and 
other studies generally address only one dimension of the socio-cultural value. For example, 
Klemm et al. (2015a) assessed citizens’ perceptions of GI for thermal comfort but did not 
relate this to people’s notion of or concern about heat. Likewise, Shackleton et al. (2015) 
studied how residents value tree benefits but did not extend to preferences  for GI. Some 
studies tackle multiple dimensions, e.g., assessing perceptions of GI benefits and awareness 
and concerns about climate change (Byrne et al., 2015), but still refrain from looking into GI 
design preferences – which are more regularly captured by WTP exercises (Ng et al., 2014). 
For urban planning, there is a need to couple public values with climate change strategies 
(Ordóñez Barona, 2015). 

This study aims to fill this gap by performing a socio-cultural valuation of urban GI for 
climate adaptation that combines insights from the various dimensions listed in Fig. 3.1. 
Specifically, we address the following research question: How do residents’ views on climate impacts 
and GI benefits shape preferences for GI adaptation measures? For the city of Rotterdam, the 
Netherlands, we conducted a survey among residents to assess the five dimensions and their 
relations. We assess the generality of our findings by (i) assessing the dimensions at three 
spatial scales associated with different types of urban GI (home, neighborhood, city), (ii) 
comparing two neighborhoods with a different demographic and GI character, and (iii) 
assessing how the dimensions are related to the current presence of GI in the respondents’ 
neighborhood. As such, the proposed method can generate improved understanding of 
people’s views on climate impacts and the use of GI for adaptation, and can help detect why 
policy support for adaptation strategies may be hampered. 

 

METHODS 
 

We designed a method addressing the five dimensions of analysis stated in Fig. 3.1. Each 
dimension was explored through a survey undertaken with residents in two neighborhoods 
in Rotterdam, the Netherlands. To understand variation in responses and choices we have 
not only related the responses to socioeconomic characteristics of respondents but also to 
the presence of GI in the neighborhood. The following paragraphs describe the case study 
and the different elements of the method in more detail. 
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Study area 
 

Rotterdam is a major port, international commercial hub and the second city of the 
Netherlands with a diverse population of 620,000 people. The city is densely built, 
surrounded by water and with 90% of its surface below sea level. Two neighborhoods are 
used as case studies (Fig. 3.2). 

 
Figure 3.2 Two case study neighborhoods in Rotterdam, the Netherlands 
 

Tarwewijk and Kralingen-West represent typical Rotterdam neighborhoods: one south of the 
river Meuse and one north; one in the lower socioeconomic strata and one middle-class. The 
two neighborhoods were selected because they feature similar housing types but different 
character in terms of GI. The GI differs in abundance and diversity (Table 3.1) and provides 
diverse ecosystem services bundles in each neighborhood: Tarwewijk’s GI provides, as 
compared to other neighborhoods in the city, a very small bundle of services whereas 
Kralingen-West is in the middle band (see Derkzen et al., 2015). Together with information 
about neighborhood characteristics and livability indicators obtained from municipal reports 
and websites and consultations with policymakers from different municipal departments, 
these neighborhoods were selected as providing sufficient differentiation for this study. 
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Table 3.1 The areal coverage (in percentages) by different green infrastructure (GI) types in 
Rotterdam and the neighborhoods Tarwewijk and Kralingen-West, where surveys were conducted 

GI types 
Rotterdam 
% 

Tarwewijk 
% 

Kralingen-West 
% 

Woodland 2.7 0.0 0.0 
Shrubs 2.0 0.7 2.1 
Herbaceous vegetation 9.4 5.0 8.6 
Garden 9.3 10.2 14.5 
Street tree 6.6 6.1 10.4 
   Total excl. water 35.0 29.5 35.7 
Water 14.8 25.8 0.5 
   Total incl. water 44.6 47.7 36.1 

 

Kralingen-West is a mixed neighborhood with shops and restaurants. It attracts more students 
and high-income residents than Tarwewijk which was built in the same period, 1900-1930s, 
but features less diverse housing occupied by a young population with many immigrant 
families. There are numerous schools and playgrounds, whereas commercial services are 
clustered on the main roads encircling the neighborhood. Several residents feel Tarwewijk is 
unattractive and unsafe and housing prices are generally lower than in Kralingen-West. 

In terms of GI, Kralingen-West features more diverse and accessible GI than Tarwewijk where 
GI mainly consists of gardens and a few street trees. Both neighborhoods include several 
pocket parks, although they tend to be stonier in Tarwewijk. Tarwewijk has a water front but a 
former industrial zone stands in between, making the former port area rather inaccessible. 
On the contrary, Kralingen-West boasts lots of accessible street greenery and attractive water 
sites. It also shares a border with Rotterdam’s largest urban forest and lake (Kralingse Bos). 
Rotterdam’s largest city park (Zuiderpark) is closer to Tarwewijk, yet still at 1 km distance. 

 

Data 
 

Survey 

Data were collected through face-to-face surveys with 200 respondents (100 per 
neighborhood) on mornings, afternoons and evenings during weekdays and weekends in 
August and September 2014. Because respondents needed to be residents (i.e. not visitors) 
interviewers went from door to door, using maps to ensure that interviews where held in 
different parts of each neighborhood (Fig. 3.3a). Each neighborhood was entered from its 
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northeast, southeast, southwest and northwest corner at least once and then surveyed street 
by street, including main roads, side streets, squares and courtyards. Interviewers rang every 
accessible doorbell and did not differentiate between housing types: we surveyed apartment 
buildings, elderly homes, row houses and detached houses. Only about one out of ten doors 
were opened; it was especially hard to gain access to apartment buildings. Among the people 
who opened the door, the response rate was about 25%. 

 
Figure 3.3a Illustration of surveyed zip code areas for Tarwewijk neighborhood 
 

The questionnaire was structured into five parts (following the dimensions in Fig. 3.1) with a 
total of 26 questions and two photo forms (Appendix A). Part one enquired about urban 
heat. Respondents were asked whether they noticed heat and, if yes, in which locations. They 
were also asked whether heat is a concern for them currently, and whether they have 
concerns about heat becoming a problem in the near future when the city is expected to face 
more extreme weather events. The same questions were asked about urban flooding in part 
two. Thirdly, respondents were asked to rate the two most and one least important 
ecosystem services provided by different GI types, using photos of typical urban GI setups 
(Fig. 3.4, and detailed descriptions in Appendix B). The question was: What benefits do you 
think that the photographed green and blue spaces provide? Photos were taken in July 2014 
in areas nearby the case study neighborhoods that resemble them in street layout, housing 
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types and GI. An important consideration for taking photos was that the vegetation was 
young or recently planted as the photos meant to represent new measures. We avoided 
taking photos in Tarwewijk and Kralingen-West to minimize the possible bias of judged 
opinions in case respondents recognized the photographed places. Part four determined 
preferences for GI climate adaptation measures using photos of urban GI organized 
according to the scale of the infrastructure (Fig. 3.4). For each category, respondents could 
choose between three options. The typology covered the relevant types of GI in the study 
area, based on a quantitative assessment of GI in Rotterdam. The ES provided by GI differs 
per scale level, just as peoples’ relation to GI does (Derkzen et al., 2015). This exercise 
included an informational intervention: half of the respondents (n=100) received additional 
information about climate regulation benefits of the GI measures in Fig. 3.4 via symbols: 
water drops indicating flood protection capacity and thermometers indicating cooling 
capacity. Part five entailed an assessment of the WTP for establishing GI to mitigate climate 
impacts. WTP was presented as a tax per household per year and people had to indicate 
what level they were willing to pay for new GI measures, ranging from €0 to €40 per year. 
As part of the survey also some socioeconomic data were collected. 

 

Sample demographics 

The demographics of the study sample are comparable to census data of Rotterdam and the 
two neighborhoods (Table 3.2). The sample showed a slight overrepresentation of women in 
both neighborhoods, young residents and households without children in Kralingen-West, and 
middle aged residents and households with children in Tarwewijk. Dutch residents were 
found to be more willing to participate in the survey and are therefore overrepresented in 
our sample. This is partly a result of language issues but may also be because second 
generation residents categorize themselves as Dutch while they are immigrants according to 
official definitions. 
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Figure 3.4 Types of green infrastructure used in and photographed for the survey, organized across 
scales (home, neighborhood, city) 
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Table 3.2 Census and sample demographics of Rotterdam, Tarwewijk, and Kralingen-West 

1 2014 census data from the Dutch Central Bureau of Statistics, available via www.statline.cbs.nl 
2 2012 census data from the Dutch Central Bureau of Statistics, available via www.statline.cbs.nl 
3 Census data distinguishes two categories only: low income and high income households, hence questionnaire categories have been 
merged to fit census categories 

 

Green infrastructure data 

To relate survey responses to the spatial context of the respondent’s residence we used 
spatial data of GI obtained from the Rotterdam municipality. These include detailed vector 
data (<1m2) of woodland, street tree, tall shrub, short shrub, herbaceous vegetation, water 
and garden elements (see Derkzen et al., 2015). Zip codes from the questionnaires were used 
as a spatial reference. Because of the varying size of Rotterdam’s zip code areas we used 
ArcGIS 10.2 to create 100 meter buffers around zip code centroids as a proxy for the direct 

Demographics Rotterdam Tarwewijk Kralingen-West 
Number of inhabitants1 
Number of households1 

618,355 
311,190 

12,065 
6,045 

15,115 
8,585 

 Census 
% 

Sample 
% 

Census 
% 

Sample 
% 

Census 
% 

Gender1 
   Female 
   Male 

 
51 
49 

 
54 
46 

 
48 
52 

 
54 
46 

 
51 
49 

Age1 
   16-25 
   26-45 
   46-65 
   >65 

 
15 
37 
30 
18 

 
15 
37 
40 
8 

 
21 
45 
26 
8 

 
33 
31 
26 
10 

 
22 
40 
25 
13 

Household1 
   Single 
   Without children 
   With children 

 
47 
22 
29 

 
43 
13 
44 

 
49 
19 
33 

 
45 
29 
26 

 
58 
20 
22 

Income2 
   At or below modal3 
   1.5 to 2 times modal 
   More than 2 times modal 

 
53 
34 
13 

 
79 
19 
2 

 
68 
27 
5 

 
58 
31 
11 

 
58 
31 
11 

Ethnicity1 
   Antillean/Aruban 
   Dutch 
   Moroccan 
   Surinamese 
   Turkish 
   Other non-Western 
   Other Western 

 
4 
50 
7 
9 
8 
10 
12 

 
9 
39 
5 
15 
14 
11 
7 

 
9 
22 
8 
13 
13 
17 
18 

 
0 
71 
3 
3 
2 
9 
12 

 
2 
46 
11 
9 
7 
12 
13 
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environment of the respondent. Next, these buffers were intersected with the GI layers so 
that a GI fraction could be calculated per zip code buffer (Fig. 3.3b). 

 

Figure 3.3b Illustration of surveyed zip code areas and the calculation of green infrastructure per 
zip code buffer for Tarwewijk neighborhood 
 

Analysis 
 

The analysis of the survey is conducted along three axes. First, the socio-cultural valuation of 
climate adaptation services is performed on three spatial scales: home, neighborhood, and 
city. Although GI exists throughout these scales, each scale is managed by different entities 
and ruled by different values (Hunter and Brown, 2012). As to encompass the diversity 
among the scales but also enable prioritization for policy making (Demuzere et al., 2014), 
this study assesses the dimensions in Fig. 3.1 on all three scales but also includes an 
additional GI preference assessment that transcends the scales to support prioritization of 
either small- or large-scale GI. Second, we compare two neighborhoods with their own 
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demographic profiles and – more importantly – the one being ‘greener’ than the other. 
Third, the spatial analysis enables a comparison of people’s views on climate impacts and GI 
measures with local data of currently available GI in the respondent’s neighborhood. 

 

RESULTS 
 

Notion of and concerns about climate impacts 
 
Fifty-nine to sixty-eight percent of the respondents expressed a notion of urban climate 
impacts (Table 3.3 Notion). There were no significant differences between the 
neighborhoods. We found that the notion of temperature differences within the city was 
higher for women (75.9%) than for men (57.6%) (2(1)=7.598, p<.01) while the notion of 
flooding was higher for people with higher education (2(3)=8.980, p<.05). When asked 
where urban heat is noticed most, respondents indicated especially stony locations with little 
wind flow such as shopping streets, the city center and residential homes. Roads, squares and 
parking areas were mentioned most frequently as areas considered prone to flooding. 
Flooding and heat were scarcely observed in parks, forests and areas along the river and 
canals (see Appendix C for all locations). 

Table 3.3 Notion of and concerns about climate impacts 

Climate impacts 
Total 
(n ═ 200) 
% 

Tarwewijk 
 (n ═ 100) 
% 

Kralingen-West 
(n ═ 100) 
% 

Notion of heat and flooding 
   Temperature difference city vs. surroundings 
   Temperature difference within city 
   Flooding in city 

 
59.0 
67.5 
60.0 

 
53.0 
71.0 
63.0 

 
65.0 
64.0 
57.0 

Concerns about heat and flooding 
   Heat personal problem 
   Heat problem for city (future) 
   Flooding personal problem 
   Flooding problem for city (future) 

 
36.5 
56.5 
25.5 
75.5 

 
40.0 
57.0 
28.0 
74.0 

 
32.0 
56.0 
23.0 
77.0 

 

While there is a clear notion of climate impacts among respondents, not all consider heat 
and flooding to be personal problems (Table 3.3 Concerns). Heat is more frequently a concern 
than flooding, with flooding being principally considered a future problem. Again, there 
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were no significant differences among the neighborhoods. Multinomial logistic regressions 
show that both the notion of and concerns about heat and flooding were significantly lower 
for younger respondents, as well as for less educated respondents (Table 3.4). 

 

Table 3.4 Multinomial logistic regression results for the notion of and concerns about climate 
impacts and preferences for green infrastructure measures (only significant results included) 

Multinomial logistic regression results Odds ratio 
Confidence interval p- 

value Lower Upper 
Notion of urban flooding     
   Less noticed when aged 16-25 2.51 1.09 5.78 0.03 
   Less noticed when education is max high school 2.73 1.28 5.82 0.01 
Concerns about heat as a personal problem     
   Less when aged 26-45 2.32 1.07 5.00 0.03 
   Less when ethnicity is Dutch 2.04 1.04 4.00 0.04 
   Less when total GI fraction is smaller 0.03 0.00 0.71 0.03 
Concerns about heat as a future city problem     
   Less when aged 16-25 2.52 1.10 5.77 0.03 
   Less when aged 26-45 3.11 1.46 6.61 0.00 
   Less when education is max high school 2.73 1.28 5.81 0.01 
Concerns about flooding as a future city problem     
   Less when total GI fraction is larger 81.34 1.80 3682.43 0.02 
Preferences for green infrastructure measures     
   Trees preferred over shrubs when GI fraction is smaller 0.01 0.00 0.33 0.01 
   Water rich park preferred over wooded park when GI     
   fraction is larger 

43186.26 2.98 6.25∙108 0.03 

 

Over a third of respondents personally experienced high temperatures as problematic. Most 
of them find the heat uncomfortable, suffocating or suffer from sweating or drowsiness 
(72%) while others have more serious health or sleep-related problems (28%). When 
respondents were asked whether they think that more extreme temperatures and heat waves, 
caused by climate change, will become problematic for the city in the future, more than half 
of respondents (56.5%, i.e. a strong increase as compared to the current situation) expressed 
this as being a concern. 

Urban flooding is considered problematic for 25.5% of respondents. Most complaints were 
related to inconvenient puddles on streets, bike paths, sidewalks and parking lots (46%), 
followed by complaints about damage to houses and basements (35%) and problems of a 
more general nature: traffic jams, sewer problems or overall economic damage (19%). The 
numbers changed completely when people considered the near future: 76% (i.e. an increase 
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of 196%) believed Rotterdam will increasingly have to deal with the consequences of more 
frequent and more extreme rainfall events, and will have trouble doing so. 

Heat concerns were significantly more frequent amongst respondents who noticed 
temperature differences within the city (2(1)=4.052, p<.05). The same holds for flooding 
(2(1)=26.008, p<.001). Regarding heat, concerns about future problems were more 
common among people who experienced heat as problematic under current conditions 
(2(1)=6.112, p<.05). Concerns about urban flooding were more common among 
respondents living in streets with little GI (Table 3.4). 

 

Rating green infrastructure benefits 
 

Respondents did not fully acknowledge the capacity of GI to mitigate local climate change 
effects. Ecosystem services with a more direct effect on people’s health and well-being such 
as recreation and air purification were rated highest. Recreation or visual attractiveness was 
considered an important benefit of all types of GI except for green roofs (Fig. 3.5). Flood 
protection was rated the second most important service in general and the foremost benefit 
of water rich parks, green roofs and grass strips. Third in line is air purification, which was 
rated the greatest benefit of wooded parks and after that, street trees. Cooling was less often 
mentioned as a benefit, although it rated second for green roofs and third for water rich 
parks. Carbon storage and especially traffic noise reduction were not rated very high. Traffic 
noise reduction was even considered the least important benefit for each GI type (Fig. 3.6). 

Overall, respondents acknowledged GI’s capacity to mitigate local flooding, whereas its 
function for temperature regulation is less acknowledged. To compare neighborhood means 
we created composite variables of the number of times that cooling and flood protection 
were rated as most important (ranging 0-9) and least important benefits (ranging 0-5). 
Respondents in Tarwewijk elicited significantly more climate benefits as most important (4.81 
± 1.91 times) than respondents in Kralingen-West (4.09 ± 1.83 times) (t(198)=2.724, p<.01). 
Respondents were more likely to recognize flood protection benefits if they live in GI- rich 
areas (r=.160, p<.05), possibly because they notice that vegetated spaces do not flood as 
much as surrounding streets do. Recognition of cooling benefits did not increase with GI 
fraction, confirming the perceived lesser importance of temperature regulation. Also, 
respondents noticing and concerned about climate impacts were no more likely to recognize 
climate services than those not noticing and unconcerned. 
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Figure 3.5 Most important ecosystem services provided by green infrastructure types, as indicated 
by respondents 
 

 
Figure 3.6 Least important ecosystem services provided by green infrastructure types, as indicated 
by respondents 
 

To assess the importance of the six ecosystem services without linking them to specific GI 
types, we included an exercise in which respondents ranked the six services according to 
general importance for their livelihood (1=high, 6=low). Air purification was regarded the 
most important ecosystem service in urban environments (average rank of 2.02), followed at 
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some distance by flood protection (3.51), carbon storage (3.53), recreation (3.64), cooling 
(3.88) and finally noise reduction (4.41). Recreation ranked low compared to the first 
exercise in which it was considered the most important benefit related to the six GI types. In 
turn, air purification and carbon storage climbed up in rank. This indicates that people find 
clean air very important in cities, and that they worry about wet feet and global warming. 
Interestingly, respondents who experienced heat as problematic ranked the cooling benefit 
higher than respondents who had no problems with heat (2(5)=11.475, p<.05), while this 
relation did not appear from the photo exercise in which the benefits were assessed per GI 
type. 

 

Preferences for green infrastructure measures 
 

Respondents showed a preference for GI that is diverse, aesthetically attractive and familiar 
over GI that is rather simple or unfamiliar (Table 3.5). Gardens (48.0%) were the most 
preferred measure at home level, followed by green roofs (37.4%). The low score for green 
walls (14.6%) may be explained by the relative unfamiliarity and people’s worries about their 
maintenance. Green walls and roofs were more popular among highly educated respondents 
(2(6)=15.907, p<.05) whereas gardens were especially favored by respondents with children 
(2(2)=7.592, p<.05). 

At the neighborhood level most people preferred streets with shrubs (50.8%) or trees 
(39.2%) over grass strips (10.1%) – this may be because grass strips are easily littered and 
attract dogs. Grass was more frequently chosen by respondents with low education levels 
(2(6)=17.701, p<.01) whereas trees were preferred over shrubs when respondents lived in 
GI-poorer streets (Table 3.4). Local squares were preferably transformed into small pocket 
parks with grass, shrubbery and some trees (55.3%). Less preferred options were a 
playground (26.1%) or water plaza (18.6%). Water plazas are not very common and look 
rather grey because of their concrete surface, which may explain their relative unpopularity. 
However, the water plaza was significantly more popular among people who noticed urban 
flooding (2(2)=6.395, p<.05). Those noticing flooding also tended to prefer small parks, 
whereas those not noticing flooding preferred the stonier playground – just like households 
with children (2(2)=20.752, p<.001). 
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At the city level people chose canals (48.2%) and trees (36.7%) rather than grass strips 
(15.1%) as a measure along main roads, despite remarks made by several respondents about 
the risks of children falling in the water and cars hitting trees. Women were more likely to 
prefer grass whereas men preferred water canals (2(2)=6.486, p<.05). Considering city 
parks, wooded parks were most popular (46.0%), followed by parks designed for recreation 
(34.5%) and those largely consisting of water (19.5%). A much heard argument in favor of 
the wooded park was its suitability for a combination of uses: sports, play, rest and enjoying 
nature. Especially respondents with high education levels chose the wooded park, whereas 
lower educated respondents were more inclined to prefer parks designed for recreation 
(2(6)=13.319, p<.05). Spatial analysis revealed that respondents living in a neighborhood 
with a larger GI cover more often preferred water rich parks over wooded parks (Table 3.4). 

 

Table 3.5 Preferences for green infrastructure measures 
Measures per scale 
level 

Total 
 
(n ═ 200) 
% 

Those who did not 
receive climate 
information (n ═ 100) 
% 

Those who received 
climate information  
(n ═ 100) 
% 

Sign. Tarwewijk 
 
(n ═ 100) 
% 

Kralingen-
West  
(n ═ 100) 
% 

Sign. 

Home *   ** 
   Front garden 
   Green roof 
   Green wall 

48.0 
37.4 
14.6 

54.5 
28.3 
17.2 

41.4 
46.5 
12.1 

 58.2 
33.7 
8.2 

38.0 
41.0 
21.0 

 

Local street *   *** 
   Shrubs 
   Trees 
   Grass 

50.8 
39.2 
10.1 

61.0 
27.0 
12.0 

40.4 
51.5 
8.1 

 61.0 
26.0 
13.0 

40.4 
52.5 
7.1 

 

Local square ***   ** 
   Small park 
   Playground 
   Water plaza 

55.3 
26.1 
18.6 

49.5 
37.4 
13.1 

61.0 
15.0 
24.0 

 44.0 
33.0 
23.0 

66.7 
19.2 
14.1 

 

City main road n.s.   * 
   Canal 
   Trees 
   Grass 

48.2 
36.7 
15.1 

47.5 
36.4 
16.2 

49.0 
37.0 
14.0 

 44.0 
34.0 
22.0 

52.5 
39.4 
8.1 

 

City park **   *** 
   Wooded 
   Recreation 
   Water rich 

46.0 
34.5 
19.5 

36.0 
44.0 
20.0 

56.0 
25.0 
19.0 

 34.0 
46.0 
20.0 

58.0 
23.0 
19.0 

 

* p<0.05 
** p<0.01 
*** p<0.001 
n.s. = not significant 
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Preferences for GI adaptation measures were significantly different between the two 
neighborhoods (Table 3.5). Green walls, roofs, street trees, small parks, water canals and 
wooded parks were popular in Kralingen-West whereas gardens, shrubs, playgrounds, water 
plazas, grass strips and recreational parks were fancied in Tarwewijk. This may indicate that 
Tarwewijk has a greater need for accessible GI that can be used for leisure, sports and play. 
The demand in Kralingen-West is oriented towards more natural GI. Indeed, Kralingen-West 
neighbors the city’s largest urban forest and features more local parks than Tarwewijk which 
has less green areas and only a few public sport courts, while it is known as a neighborhood 
where many children live. 

The informational intervention resulted in a shift to more effective GI measures (Table 3.5). 
At home level, respondents who received climate adaptation information favored the green 
roof option over a garden or green wall, and at street level the information led to more 
people choosing trees over shrubs or grass. For local squares, water plazas gained preference 
over playgrounds, and at city level the information reduced interest in recreational parks in 
favor of wooded parks. Although preferences were clearly influenced by the informational 
intervention, respondents were not conscious of this effect. When inquiring about people’s 
main reason to choose a specific measure, 30% of respondents who did not receive any 
climate information indicated to choose a measure because of its contribution to climate 
adaptation against 25% of those who did receive the information. For both groups a 
majority indicated that measures are primarily chosen based on visual attractiveness and 
usefulness (50%), or because these GI types are currently lacking in the neighborhood 
(22%). Socioeconomic factors do not explain the variation in reasons for preferences 
provided, nor does GI fraction or the notion of and concerns about climate impacts. The 
only significant relation exists for respondents who foresee future problems with urban heat: 
they were more eager to base their choice for a GI measure based on its expected adaptation 
effect (2(2)=8.288, p<.05). 

Apart from asking which GI type respondents prefer for each scale, the questionnaire also 
inquired about their two overall favorites out of the six GI types discussed in section 3.3.2. 
Results show a clear tendency of respondents to prefer large-scale GI over small elements: 
wooded (38%) and water rich parks (24%) were preferred most, followed by street trees 
(15%), front gardens (10%), and finally green roofs (7%) and grass strips (6%). Whereas 
green roofs grew in popularity for people living in GI-rich areas, this did not change public 
preferences for grass – even in areas with limited grass cover people rather had trees or 
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green roofs. So on top of the established preferences per GI category, respondents indicated 
that the demand for large-scale GI has priority over that for small-scale GI. 

 

Willingness to pay for green infrastructure measures 

About two thirds of respondents were willing to pay for GI measures and most of them 
agreed that a tax of €15 per household per year would be acceptable (Table 3.6). 
Respondents who chose a WTP of €0 believed it is not worth their money (35%) or were 
unsatisfied with municipal policy and find current taxes already too high (28%). Others 
found it unimportant or believed it does not have priority for municipal expenses (16%). 
Additionally, there is a group of people who either did not have enough money because of 
unemployment, or preferred another way of contributing e.g. through community initiatives 
(21%). 

 

Table 3.6 Willingness to pay (WTP) for green infrastructure measures 

WTP (tax per household per year) 
Total 
(n ═ 200) 
% 

Without climate info  
(n ═ 100) 
% 

With climate info  
(n ═ 100) 
% 

Tarwewijk 
(n ═ 100) 
% 

Kralingen-West 
(n ═ 100) 
% 

€0 
€5 
€15 
€40 

34.5 
17.5 
34.0 
14.0 

37.0 
21.0 
29.0 
13.0 

32.0 
14.0 
39.0 
15.0 

39.0 
22.0 
28.0 
11.0 

30.0 
13.0 
40.0 
17.0 

 

Table 3.6 shows that respondents in Kralingen-West were willing to pay more than 
respondents in Tarwewijk. Differences are not significant for all monetary attributes 
(2(3)=6.892, p=.075) but are significant for the lower and higher attributes (€0-5 and €15-
40, 2(1)=6.490, p=.011). Respondents who received climate information showed a slightly 
higher WTP than respondents who did not receive this information (Table 3.6), but 
differences are not significant. WTP was also not related to GI fraction or higher for people 
for whom the climate adaptation effect was the main reason to choose GI measures. 
Differences in WTP are mainly explained by socioeconomic differences: households with a 
higher income (2(4)=21.252, p<.001) and of Dutch ethnicity (2(1)=8.42, p<.01) showed a 
greater WTP than households with a lower income or of non-Dutch ethnicity. The results 
indicate that WTP is independent of people’s notion of and concerns about climate impacts, 
and their rating of GI in terms of climate adaptation benefits.  
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DISCUSSION 
 

We performed a socio-cultural valuation of urban GI for climate adaptation. Our analysis 
encompassed multiple dimensions that determine socio-cultural values and stated 
preferences for climate adaptation measures, and we studied their relation. Given the wide 
range of GI measures we analyzed three spatial scales and related socio-cultural values to the 
current presence of GI in the city. The proposed multi-dimensional method, ranging from 
measuring problem notion to willingness to pay for adaptation, proved useful in clarifying 
some of the unknowns regarding residents’ views on climate impacts and public support for 
the use of GI in climate adaptation strategies. 

In relation to our main objective the results indicate that residents expressed a notion of 
urban heat and flooding and considered these serious future challenges, but did not always 
realize how GI may act as an adaptation measure. GI benefits with a more direct effect on 
people’s health and well-being, such as recreation and air purification, were better 
understood than less direct benefits. However, we found that providing information about 
GI benefits, in this case climate adaptation capacity, can increase public support for 
adaptation measures. We also found that preferences for GI and concerns about climate 
change impacts were to a certain degree related to current GI availability. 

This study is not the first to assess socio-cultural values for ecosystem services or climate 
related issues, but differentiates itself from other studies in four ways: by (i) presenting a 
multi-dimensional image of residents’ views and preferences, (ii) revealing how economic 
valuation may miss certain nuances of socio-cultural values, (iii) offering insight into how 
policy intervention is possible and, (iv) relating survey responses to the spatial context of the 
respondent’s residence. We next elaborate on these four features. 

First, we presented a multi-dimensional image of residents’ views and preferences. Studies in 
the same field often focus on a single dimension of our methodology, for example by 
measuring perceptions of a range of GI benefits (Madureira et al., 2015). Other studies 
consider two dimensions but still miss the dimension of problem awareness and are typically 
limited to a single GI type, e.g. perceptions of plant richness and preferences for plant 
management in an urban park (Muratet et al., 2015). An inclusive approach, as exemplified 
here, allows for a more comprehensive understanding of people’s views and preferences – in 
this case regarding urban heat, flooding, and the use of GI for climate adaptation. 
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The two neighborhoods revealed different socio-cultural values for climate impacts and GI 
measures. Residents of GI-poor Tarwewijk more often acknowledged GI’s climate benefits, 
encountered more heat and flood prone locations and experienced more personal problems 
with climate impacts. This may lead to the conclusion that Tarwewijk residents would easily 
accept the most effective adaptation measures. However, when we asked residents for their 
opinion they stated a need for functional GI that can be used for leisure, sports and play – 
much more than in Kralingen-West where more natural GI was preferred. This example shows 
how the multi-dimensional approach allowed us to explore nuances between the different 
dimensions that would not have appeared from assessing just one or two of the dimensions. 
Urban planners need such nuanced information to create GI measures that are effective for 
adaptation but also fit the local context. The need to tailor GI design to diverse local 
demands is a result of urban studies all over the world (e.g. Jim and Shan, 2013; Priego et al., 
2008). 

Second, socio-cultural valuation as applied in this paper revealed more nuances than 
economic valuation alone would. When viewed in isolation, the WTP exercise in this study 
may lead to the conclusion that environmental education cannot increase public support for 
climate adaptation measures, as providing information on GI’s adaptation capacity did not 
change people’s WTP. This may indicate that urban GI is seen as a public good for which 
the government is responsible. However, the information did affect people’s preferences for 
GI designs. While the monetary valuation was strongly determined by socioeconomic 
characteristics of the respondents, preferences were affected by the information 
intervention. This is confirmed by Vollmer et al. (2015) who exemplify how monetary 
exercises benefit from an additional qualitative analysis to enable proper interpretation of the 
results. 

Third, our method offers insight into the dimensions at which municipalities may improve 
people’s understanding of climate impacts. Especially the understanding of GI’s role in 
climate adaptation can be improved. Flood protection was perceived as an important GI 
benefit, but temperature regulation was not yet widely recognized. While also Madureira et 
al. (2015) found that temperature regulation is considered one of the least important urban 
GI benefits in Portugal and France, many others found cooling services to be perceived as 
highly important (e.g. Lo & Jim, 2012; Ng et al., 2014; Shackleton et al., 2015). Our study 
reveals that this contrast may be related to the way the question is framed. Residents 
currently experienced urban heat as more problematic than flooding, but flooding was 
expected to become a greater problem in the near future. This indicates that flooding was 
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perceived a greater climate change hazard than heat, while the latter actually causes many 
casualties and health risks (Norton et al., 2015). Improving people’s awareness of heat risks 
may be necessary, especially among vulnerable groups such as the elderly and poor 
households (Klein Rosenthal et al., 2014). 

Another policy relevant finding is the potential of environmental education to create public 
support for adaptation measures. We showed that preferences for adaptation measures shift 
to those that are effective for climate adaptation when residents are informed about a 
measure’s adaptation effect. GI measures such as water plazas and green roofs would be 
more easily accepted if residents are informed about their adaptation capacity. Other studies 
found similar effects (Castro et al., 2011) but stress the need for clear policy communication 
and trust in municipal authorities (Lo and Jim, 2010). Our WTP analysis confirms this latter 
point. Acceptability can also increase when GI designs are promoted on neighborhood level 
to influence neighborhood norms so that residents do not feel an outsider when they install 
a rain garden or green roof (Uren et al., 2015; Visscher et al., 2014). 

Fourth and final, this study distinguishes itself by relating survey responses to GIS data of 
local GI. We found several relations between socio-cultural values and GI fraction. 
Residents of GI-poor areas showed more concerns about future flood risk while residents of 
GI-rich areas were more likely to recognize flood protection benefits. Recognition of cooling 
benefits did not increase with GI fraction, confirming the perceived lesser importance of 
temperature regulation. Regarding GI design preferences, residents of GI-rich areas 
preferred water rich parks over wooded parks, whereas residents of GI-poor areas rather 
preferred new trees being planted than new shrubbery. This last finding is consistent with 
another Dutch study, performed in Utrecht, which found people living in the greenest 
streets do not feel the need for new GI measures whereas those living in streets without any 
GI demand more greenery, especially trees (Klemm et al., 2015b). An urban planning 
implication that can be distilled from these findings is that tree planting should be prioritized 
in new residential areas, and that an increase in GI cover may lead to an increase in public 
awareness of GI’s impact mitigation capacity. 

The methods used in this study build upon existing methods for measuring socio-cultural 
preferences. Nevertheless, some limitations need to be accounted for. First, to compare the 
influence of existing GI on preferences and perceptions we aimed at choosing two 
neighborhoods that were comparable except for their GI character. However, often a 
difference in GI goes together with a difference in socioeconomic profile making it difficult 
to disentangle the effect of socioeconomic profile and GI availability. Second, although the 
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sample was set-up to account for differences in urban structure and availability of GI, some 
bias in the sample was unavoidable. To supplement the sample from underrepresented parts 
of the case study area we went from door to door asking people to participate in the survey 
and found residents of some streets more willing to participate than others, leading to a 
slight underrepresentation of non-Dutch respondents. Ethnicity does play a role in GI 
preferences: a Dutch study found that immigrants prefer functional landscapes while natives 
prefer wilder nature (Buijs et al., 2009). Our study found stronger preferences for functional 
GI in Tarwewijk, the neighborhood with a larger non-Dutch population. Given the 
consistency in findings we do not expect that a more representative sample would 
substantially change our findings. Because of the type of data collection few socio-cultural 
valuation studies use large samples and most are similar or smaller than ours (e.g. Baptiste et 
al., 2015; Church, 2015; Muratet et al., 2015).  

 

CONCLUSIONS 
 

The multi-dimensional method adopted in this paper revealed that people’s awareness of 
climate impacts and understanding of GI benefits indeed shape preferences for GI 
measures. Still, the general picture is that citizens are willing to support climate adaptation 
through GI as long as the GI is multifunctional, i.e., comes with recreational and aesthetic 
benefits. We advise cities to create public support not only by making people aware of 
climate change impacts but also by providing information on the multiple benefits of GI, 
and to tailor the choice of GI to local preferences. Understanding the different dimensions 
that shape preferences for GI measures can help urban planners identify more effective 
policy responses, thus effectively reducing impacts of climate change in cities. 
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INTERMEZZO: PHOTO ESSAY ■ 

Living at the margins of Bengaluru’s lakes: untold stories 
of change, loss and hope 

 

 

 

 

This intermezzo is an impression of the photography exhibition ‘Living at the margins of 
Bengaluru’s lakes: untold stories of change, loss and hope’ held at the Chaya Gallery, Rangoli 
Metro Art Centre, Bengaluru, India on 31st October and 1st November 2015. The idea to 
design a photography exhibition evolved from research looking at how residents of low-
income settlements next to the city’s lakes depend on the ecosystem services provided by 
these lakes, and how residents are affected by lake pollution and degradation (Ch. 4). The 
bilingual (English and Kannada) exhibition served to reach out to the wider public and 
communicate the research findings. The original exhibition had a series of 24 photographs 
on display, featuring Bhattarahalli, Vibhutipura, Puttenahalli and Madivala lakes. 

 

 

“This really is an eye opener for people like us who live in the urban area. I was 
unaware of how lakes in the city were used by the city’s marginalized, and how 
severely they are impacted by the pollution of these lakes.” 

IT professional in Bengaluru 

 

 

Based on: 

Marthe L. Derkzen. Photo Essay: Untold stories of change, loss and hope along the margins 
of Bengaluru’s lakes. Blogpost for The Nature of Cities   
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CONTEXT 
 

Before becoming India’s IT hub, Bengaluru was known for its numerous lakes and green 
spaces. Rapid urbanization has led to the disappearance of many of these ecosystems. Those 
that remain face a range of challenges: residential and commercial construction, pollution 
and waste dumping, privatization, and so on. Today, Bengaluru’s lakes are principally seen as 
garbage dumps and sewage ponds that can have either of two fates: one, be transformed into 
recreational oases to suit the needs of wealthy residential neighborhoods, or two, be 
encroached upon until none of the original shapes and functions can be traced. But how 
does this affect the lives of the people living at the very margins of Bengaluru’s beloved yet 
contested lakes? 

 

“I do not wish for a park to be constructed, because that means that our houses 
will be demolished.”  

Young resident of a Bengaluru lake settlement 

 

As a result of rapid urbanization and environmental change, people’s reliance on local 
natural resources has substantially decreased in Bengaluru. This decrease is due to 
contamination of the surroundings, restrictions to access and, for some, the constant threat 
of eviction. Bengaluru is witnessing a transition from livelihoods dependent on the use of 
open space for activities such as fishing, cattle grazing and domestic purposes, to a cultural 
use of recreation and visual beauty. People are moving away from communal organization – 
sharing irrigation and lake management duties or maintaining the village grove – and towards 
private organization when tending to one’s home garden or carrying out religious rituals. 
While people at the margins of lakes are often blamed for the degradation of lake 
ecosystems, they are actually preserving and often increasing native biodiversity and open 
space – acts that are quite uncommon nowadays in a metropolis such as Bengaluru. 

These trends are taking shape in line with a shift in lake accessibility. It becomes harder to 
gain access to ecosystems, either because of regulations, physical barriers (lake fencing), or 
distance to adequate natural resources. Societal pressures also influence trends (cooking with 
fuelwood is old-fashioned). This means that livelihoods have become less location-bound 
for the ones who can afford it, while the ones who cannot need to find ways to cope with a 
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degraded environment that is increasingly inaccessible. As happens elsewhere, urban open 
spaces, or urban commons, are being taken over by the elite and middle classes. 

 

PHOTO EXHIBITION 
 

The stories of Bengaluru’s residents represent the casualties of rapid urban growth witnessed 
by the city, but their voices often remain unheard. To bring back these voices into the 
debate, we organized a free entry photo exhibition titled “Living at the margins of 
Bengaluru’s lakes: Untold stories of change, loss and hope” on Oct. 31 and Nov. 1 2015 in 
Rangoli Metro Art Center in Bengaluru, India. A diverse audience of 900 to 1000 visitors 
came to the art gallery. People were in awe of the photographs and accompanying stories. A 
significant feature of the exhibition was the presence of residents from the lakes, individuals 
who were themselves the subjects of the photographs displayed. They were astonished to see 
their portrait on the gallery wall, and proud. 

The exhibition was held at several other locations across Bengaluru in 2016: the INSEE 
conference, the Kaikondrahalli lake festival, the 25th anniversary program of the Society for 
Community Health Awareness, Research and Action (SOCHARA), the Inaugural Health in 
Slums Symposium, and the Bringing Evidence into Public Health Policy 3rd National 
Conference: Equitable India: All for Health and Wellbeing by the Institute of Public Health 
(India) and Institute of Tropical Medicine (Belgium). In 2017, the photo essay was part of 
the Urban Land Governance event by LANDac and Pakhuis de Zwijger in Amsterdam and 
a public symposium by The Nature of Cities in Portland, OR. 

 

Photographers: Arati Kumar-Rao, Anoop Bhaskar, Marthe Laura Derkzen* 

Researcher: Marthe Laura Derkzen, Vrije Universiteit Amsterdam 

Collaborators: Harina Nagendra & Seema Mundoli, Azim Premji University 

Funding & support: ATREE, Azim Premji University, USAID, VU Amsterdam 

 

* We are open for ideas and collaborations regarding the photo exhibition, whether it is for a 
story, presentation, exhibit or online feature. Also for more information about the 
photographers, please contact Marthe Derkzen via m.l.derkzen@gmail.com 
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Waterfront – Madivala Lake 

Photo: Arati Kumar-Rao 
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Saraswathamma – Bhattarahalli Lake 

Saraswathamma is “over 30 years old” and was born at Bhattarahalli Lake. Back in the day, she and 
her neighbours enjoyed eating fish from the lake, but today the lake is so polluted she does not dare 

to touch its fish. She receives Rs.24 ($0.36) for each litre of milk her three cows produce. Her 
cooking takes place on a kerosene stove, until she runs out of fuel that she receives in her supply of 

monthly ration, which usually happens after 15 days. She copes by collecting fuelwood from cut 
roadside trees, or by foraging from her surroundings. Soon she will need to rethink her livelihood 

strategies as a demolition order demands her to leave her home ground for rehabilitation elsewhere. 

Photo: Arati Kumar-Rao 
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Rajamma – Madivala Lake 

Rajamma has been living at Madivala Lake for over 20 years. Their house is located right at an open 
drain with an immensely pungent stench. The land bridge that used to connect the settlement to the 
lake has been destroyed after a murder incident. Today Rajamma crosses the drain via a makeshift 
bamboo bridge to take her cattle out for grazing. Restricted access to the lake also complicates the 
collection of wild soppu (leafy greens) to cook green curry, which the family used to do two to three 

times a week in the rainy season. Buying soppu costs Rs.15 ($0.23). 

Photo: Arati Kumar-Rao 
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Living on the edge – Madivala Lake 

A large open drain, several meters wide, flows parallel to the eastern shore of Madivala Lake, 
connecting to the lake outflow from where it continues towards Silk Board. From afar the drain 
appears to be a nice little creek but that illusion is ripped apart as soon as one moves closer: the 

stench is unbearable. Dozens of people live right above this open sewer and, on top of the obvious 
health risks, have to deal with the daily fear that their children may slip and drown in the muck. 

Photo: Anoop Bhaskar 
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Dhobi Ghat – Madivala Lake 

For decades, Madivala has a working Dhobi Ghat. Dhobis (launderers) washed their loads in a canal 
next to the lake until about 20 years ago, when the water became too polluted and they resorted to 
bore well water. The canal turned into a bubbling and reeking sewage drain, which is an eyesore for 

the entire Dhobi Ghat. Concurrently, the disappearance of open lands and grazing fields has led 
their donkeys to the garbage dump in search of food. After so many years, their deteriorating 

environment has made the dhobis lose sight of a bright future. 

Photo: Arati Kumar-Rao 
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Stepping stones – Madivala Lake 

A man carries his load over the outflow of Madivala Lake. The stone slabs he uses to cross the water 
serve another purpose in the morning when a group of launderers gathers here. The neighboring 

Dhobi Ghat cannot accommodate everyone so that many dhobis enter the lake to wash their 
clothes. In the evening, these shallow waters are used by children to bathe, play and catch small fish. 

Photo: Arati Kumar-Rao 
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Patchwork – Madivala Lake 

Dhobis who wash in the lake create an elaborate patchwork of jeans, shirts and towels when their 
laundry is left to dry. People, bikes and cycles move in between the little islands of clothing as if it is 
the most natural thing in the world. With no other place to go, this daily sight will probably continue 

to exist. Yet the dhobis always risk to be moved due to increased accessibility restrictions.  

Photo: Anoop Bhaskar 
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Watchman – Madivala Lake 

The watchman of the fishermen’s hut at Madivala Lake makes broomsticks from the veins of 
coconut leaves he collects nearby. He has lost his leg after a bus accident. Every day, government 

tendered fishermen head out in their coracle boats to fish in the lake and sell their catch in Madivala 
Park. If the early morning yield is not sufficient, they head back out until lunch. This year’s pelican 

presence is a sign of fish abundance in Madivala Lake. 

Photo: Marthe Laura Derkzen 
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Narayanaswamy – Madivala Lake 

When he was younger, Narayanaswamy and his father would fish in Madivala Lake. Now that all 
fishing has become tendered, Narayanaswamy can only fish outside of official lake borders, which 

has led to a tradition of fishing in the canal northeast of the lake. This fishing technique can be 
observed only a few times a year, when the canal at the lake outflow fills with water. 

Photo: Anoop Bhaskar 
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Fishermen – Madivala Lake 

The only remaining non-tendered fishing at Madivala Lake is a collaborative effort by a group of 
men who build a structure of nets, mud and dams made of coconut trunks to create ponds in which 
fish grow big and cannot escape. After some weeks or months, men organize themselves and start 

emptying the ponds with buckets, removing weeds, locating the fish hiding in the mud and catching 
them by hand—sometimes slinging a water snake over their shoulders. The catch is divided among 

them, while the exciting event entertains dozens of neighbors and passersby. 

Photo: Anoop Bhaskar 
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Tarpaulin shacks – Rachenahalli Lake 

Clusters of tarpaulin roofed shacks are found at almost all lakes in Bengaluru. They pop up wherever 
there is open space. Their blue roofs make these migrant settlements easy to recognize, also on 

satellite imagery. The people occupying these shacks are rural migrants who come to work in the 
labor hungry construction sector of this mushrooming city. They use wood, brick, coconut leaves 
and other available material to build their houses. Their houses do not have electricity or toilets. 

They form a sharp contrast with the luxury apartments that surround them.  

Photo: Marthe Laura Derkzen 
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Raichur Colony – Vibhutipura Lake 

These children live in a settlement of blue tarpaulin shacks northeast of Vibhutipura Lake. Together 
with their families, they migrated from rural Karnataka to Bengaluru city, fleeing the drought. Here 

their fathers work as construction laborer for real estate developers, while their mothers work as 
domestic help in the completed apartments. On days without supply from the water tank truck, they 

wash their clothes and vessels in the lake outflow, which is not fenced off like the rest of the lake. 
They cook using fuelwood and cannot grow their own vegetables because the land they live on is 

not their land. And they do not know where they will be living at the start of next school year. 

Photo: Anoop Bhaskar 
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Jalalbe – Puttenahalli Lake 

Jalalbe, age 14, was born near Puttenahalli Lake after her parents moved from Gulbarga to 
Bengaluru. The family of six lives in a single room that lacks basic amenities; she lights a lamp every 
evening and cooks rice on a wood fueled stove. Water is fetched from construction sites. Twice a 
year, they replace the coconut leaves on their roof to prevent it from leaking. Coconut leaves are 

more water resistant than tarpaulin. After school, Jalalbe walks along the lake and enjoys the view, 
birds and fish. She is, however, afraid of the police that guard the road, carrying long sticks. At 
night, she never goes anywhere near the lake. In her ideal world, there would be more nature to 

compensate for the noise, buildings and roads that surround her at present. 

Photo: Arati Kumar-Rao 
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Vibhutipura Lake 

Vibhutipura Lake used to be larger, and would flood after heavy rains. Long-time residents 
remember how brick factory laborers would drink lake water during their lunch breaks, and how 

they themselves crossed the fields on their way to school. But the most rewarding trips were 
eastbound to the guava groves behind the paddy fields at the lake’s outflow. Today, the lake’s 

floodplains are encroached on by settlements, and cows are the only ones to enrich their diets at the 
lake. After the lake was fenced and cleaned up, it has also seen a new set of visitors: joggers and 

walkers from surrounding apartments and offices. 

Photo: Anoop Bhaskar 
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Margaret Mary – Vibhutipura Lake 

Margaret Mary was born near Vibhutipura Lake and still sells spices in the neighborhood. In her 
memory, the area was like a village, where nobody would be out on the streets after 6 p.m. Long 

gone are the times that she used the lake for domestic purposes. Nowadays, the aesthetic and 
recreational benefits are the most important features of the lake for her. Nevertheless, she feels 

spiritually connected to the lake, and relates the lake to her everyday happiness. 

Photo: Anoop Bhaskar 
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Pushpamma – Puttenahalli Lake 

Pushpamma lives with her children at Puttenahalli Lake, where she buried her husband at its eastern 
side. For her work as a street sweeper, she collects long grass and reeds to make broomsticks. But 
the pile of fuelwood next to her house was bought: it is hard to find fuelwood now that the groves 

around the lake have disappeared, and she has aged. Pushpamma’s ability to collect healthy wild 
soppu (leafy greens) has diminished since the lake became fenced. Instead, she has planted a home 

garden with banana trees, sweet potato, tulsi, pumpkin, chili and more.  

Photo: Arati Kumar-Rao 



84 
 

 

Urban representations – Bhattarahalli Lake 

Bengaluru’s lakes are small-scale representations of the city and its main challenges: a mix of the 
urban poor, middle-class and elite, of urban expansion, encroachment, privatization, pollution, 

ecological degradation, traditional and modern uses, land disputes, and so on. This reflection on 
Bhattarahalli Lake’s surface shows the rise of a 38-story lake view apartment next to a soon-to-
disappear slum settlement with its coconut, fruit and drumstick trees. In the foreground are the 

remainders of an immersed Ganesha idol amidst the nutrient-hungry water weeds that are choking so 
many of this city’s lakes. 

Photo: Arati Kumar-Rao 
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Ashwathamma – Puttenahalli Lake 

Ashwathamma is a very active citizen of the low income community living adjacent to Puttenahalli 
Lake. Her knowledge of ecological and geographical changes in the landscape around the lake is 

formidable. She has been a key member in organizing the community to fight for stay orders against 
eviction. She poses the question: why are there different laws for the ministers living in wealthy 

neighborhoods than for us? 

Photo: Arati Kumar-Rao 
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Three girls – Bhattarahalli Lake 

These three girls spend evenings playing with their friends in the lanes of Bhattarahalli Lake’s 
settlement. They grow up living at its waterfront. What are the chances that they will continue to see 

their lake once it is cleaned up and turned into a neat looking park? 

Photo: Arati Kumar-Rao 
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CHAPTER 4 ■ 

Shifts in ecosystem services in deprived urban areas: 
understanding people’s responses and consequences for 

well-being 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published as: 

Marthe L. Derkzen, Harini Nagendra, Astrid J.A. van Teeffelen, Anusha Purushotham, Peter 
H. Verburg (2017). Shifts in ecosystem services in deprived urban areas: understanding 
people’s responses and consequences for well-being. Ecology and Society 22, Art. 51 
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ABSTRACT 
 

Urban commons are under pressure. City development has led to the encroachment and 
ecological degradation of urban open space. Although there is growing insight that urban 
ecosystems need to be protected, there is hardly any attention for the consequences (of both 
pressures and protection efforts) for vulnerable human population groups. This paper aims 
to understand how urban development affects the well-being of the urban poor, through 
shifts in ecosystem services (ES) and people’s responses to these shifts. We performed 
household interviews and group mapping sessions in seven urban lake communities in 
Bangalore, India. Changes at Bangalore’s lakes can be summarized by three trends: 
privatization followed by conversion, pollution followed by degradation, and restoration 
followed by gentrification. Over time, this resulted in a shift in the types of ES supplied and 
demanded, the nature of use, and de facto governance: from provisioning, communal and 
public; to cultural, individual, and private. Lake dwellers responded by finding (other) 
sources of income, accepting lower-quality or less accessible ES, and/or completely stop the 
use of certain ES. The consequences of ecosystem change for people’s well-being differ 
depending on a household’s ability to adapt and on individual circumstances; land tenure and 
financial capital in particular. To guarantee a future for Bangalore’s lakes, restoration seems 
the only viable option. While beautiful lake parks may be a solution for the well-off and not-
too-poor, leaving the very poor without options to adapt to the new circumstances puts 
them at risk of becoming even more marginalized. This study shows that ecosystem 
degradation and restoration alike can impact the well-being of the urban poor. People’s 
experiences allowed us to couple ecosystem change to well-being through ES and adaptation 
strategies. Hence, we revealed multiple cause-effect relations. Understanding these relations 
contributes to sustainable urban development for people from all layers of society. 
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INTRODUCTION 
 

Ecosystems and ecosystem services (ES) have been put forward as critical constituents of 
human well-being (MA, 2005). As the majority of the global population lives in cities (UN, 
2014), it is in this urban context that ES are particularly important (Elmqvist et al., 2015). 
Around the globe, people depend on urban ecosystems for cooling, air quality regulation, 
cultural identity, recreation and tourism, physical and mental health (Wu, 2014). Urban 
nature is also increasingly recognized as an asset for climate change mitigation and 
adaptation (Demuzere et al., 2014).  

In developing countries, low income sections of the urban population rely on ecosystems for 
a much wider range of provisioning services: food collection and production, biomass for 
grazing, fuel, laundry, sanitary needs, etc. Since these uses are subtractible, meaning that 
excess use of resources by some leads to diminished availability for others, as well as difficult 
to exclude, urban ecosystems constitute common pool resources (Nagendra and Ostrom, 
2014; Ostrom, 2001). In addition, local communities traditionally have had management 
rights over many urban ecosystems such as lakes and woodlots, and in that sense these 
spaces also constitute common property regimes according to multiple definitions (Colding 
and Barthel, 2013; Duraiappah, 2004; Nagendra, 2016a; TEEB, 2010). In this paper, urban 
commons refer to common pool resources and common property regimes. 

For the urban poor provisioning ES are the foundation of numerous livelihood strategies 
and serve an important role as safety net in time of stress, while cultural ES support social 
functions and biodiversity conservation (CEPSA, 2008; Shackleton et al., 2015). The 
dependence of urban populations on ES can be illustrated by examples around the world 
documented in literature. For example, Ghanaian livestock herders use urban river banks as 
feeding grounds for their sheep and goats (Eduful and Shively, 2015), and newly arrived 
urbanites in sub-Saharan Africa were found to bring along natural resource based practices 
from their rural origins, leading to a distinctive urban-rural mix (Ward and Shackleton, 2016). 
While dependency on provisioning ES may be largely indirect in the urban core, e.g. through 
the demand for biomass fuels, ES dependency is more direct in the rural-urban fringe. The 
wetlands of Accra, Ghana and Cebu City, Philippines, for example, are used by the urban 
poor for farming, fishing and the collection of medicinal plants and raw materials (Ancog 
and Ruzol, 2015; CBD, 2012). Practicing agriculture for commerce and food security is also 
gaining ground in and around Kampala, Uganda but the same region exemplifies how 
urbanization processes lead to the conversion of forests and wetlands (NEMA, 2006). 
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As the poor are more dependent on ecosystems for their livelihoods, changes in ecosystem 
cover, quality and accessibility are likely to have a more immediate effect on the poor, 
whereas the effect on society overall will vary within a more complex cluster of temporal 
scales. Given the high pressure on urban ecosystems, possibilities to access, use and govern 
these natural resources can be expected to be reduced. Urbanization leads to changes in land 
use, value, ownership, regulations and quality – changes that leave their mark on the urban 
commons (Colding and Barthel, 2013; Shrestha et al., 2012). Open spaces feel the pressure 
of city expansion from the center to the hinterland that gradually becomes incorporated 
within city limits as the periphery (Grimm et al., 2008). This process, and the concurrent 
change in property rights, has led to the loss and degradation of common lands all over the 
world (Narain and Vij, 2016; Ostrom, 2001). This includes urban water bodies, as 
exemplified by the case of Kumasi, Ghana where encroachment, waste disposal and poor 
sanitation have led to severe water pollution (Eduful and Shively, 2015). As a result, the 
water can no longer be used for household chores. Urbanization may also lead to a change in 
accessibility of ecosystems. Urban expansion near India’s capital city Delhi increased the 
demand for land to the extent that local communities saw their access to land and water 
shrink and needed to completely alter their livelihoods (Vij and Narain, 2016). Likewise, 
privatization and encroachment by authorities and real estate parties may lead to access 
restrictions and ecosystem destruction (Heynen, 2006; MA, 2005). 

Urban commons offer an opportunity to address both the resilience of the city and the 
resilience of those most marginalized. Resilience in this sense means that urban commons 
can be of support when change is happening, as part of a complex adaptive system that 
enables transformation (Goldstein et al., 2015; Wagenaar and Wilkinson, 2015). Whereas the 
first, resilience of the city, is gaining ground among urban planners, citizen groups and 
scientists (e.g. Colding and Barthel, 2013), the latter, resilience of marginalized urban 
residents, appears to receive little attention. Governing for urban resilience seems to remain 
a policy discourse rather than a locally fitted social-ecological strategy (Wagenaar and 
Wilkinson, 2015), because it is difficult to pinpoint how resilience is governed among groups 
of residents or even individuals. This has to do with issues of scale, resilience being a 
concept that transcends scales by nature, and with the fact that urban residents do not think 
and act in terms of resilience but based on their experience and social relations (Goldstein et 
al., 2015). With the argument that ecosystem conservation could go hand in hand with 
poverty alleviation (Daw et al., 2011), a better understanding is needed of the relation 
between changes in urban ecosystems (degradation as well as restoration) and the effects on 
ES and well-being of the people relying on these services. Although this relation gains 
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importance with the unceasing growth of urban populations worldwide, and especially rural-
urban migration in developing countries, its understanding appears limited (CEPSA, 2008; 
Colding et al., 2013). 

This paper aims to understand how urban development affects the well-being of the urban 
poor, through shifts in ES and people’s responses to these shifts. Using data from seven 
urban lake communities in Bangalore, India, we demonstrate how changes in urban 
ecosystems influence the role of the urban commons and thus the well-being of the urban 
poor. Through interviews and group mapping, we first assess changes over time in 
ecosystem presence and ES use. Next we show in what way residents adapted to these 
changes and how the changes and adaptations thereto have affected their well-being. 

 

METHODOLOGY 

Study area 
 

Bangalore 

Bangalore is India’s 3rd most populous city and home to nearly 10 million people. With a 
large migrant influx, Bangalore grows fast and will continue to grow: India’s urban 
population is projected to increase with 404 million between 2014 and 2050 (UN, 2014). 
Bangalore’s rapid urbanization, triggered by the IT boom, caused many of its natural refuges 
to disappear. Those that remain today face a range of challenges: residential and commercial 
construction, pollution, encroachment, privatization, and so on. This paper looks into the 
case of Bangalore’s lakes and explores how residents of low-income settlements abutting 
these lakes cope with ecosystem change. 

Bangalore’s lakes are actually man made reservoirs that were created centuries ago to supply 
water to the river-less city. The settlements located at the banks of these lakes are primarily 
low-income, the reason being that low-lying areas are usually the least preferred for 
habitation due to flooding/marshy nature of the land. Hence, the poorest sections of society 
(either rural migrant or from the city) are left with no other option than to occupy such 
unclaimed, undesirable lands, which often belong to the government. Some of these 
settlements are former villages, others are spontaneous settlements of 2-4 decades old and a 
few are relatively new. The older settlements, mostly, are converted into slums (both 
recognized and unrecognized), being “densely packed tenements/housing units with a 
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density varying between 1000 and 10,000 persons/ha, living mainly in semi-pucca 
(constructed partly with substantial and solid materials including cement, stones, and 
concrete; and partly with flimsy building materials) houses" (National Institute of Urban 
Affairs 2008, as cited in Gopal et al. 2015). The newer settlements are mostly small 
unrecognized migrant settlements comprising tarp tents or sheds and, in contrast with the 
older settlements, without access to electricity or water supply. 

 

Case study selection 

Potentially suitable case study areas were identified based on the research experience of HN, 
and by asking other Bangalore based researchers working on lakes about their knowledge of 
low-income settlements existing next to lakes, by seeking advice from residents of these 
settlements, and by scanning Google Maps satellite images of residential structures in lake 
surroundings. In May and June 2015, fourteen lakes were visited to explore the area, observe 
activities and conduct informal face-to-face interviews with residents to get an impression of 
ongoing developments, local problems and the historical context. The selection process 
entailed over 70 of such interviews with individual residents, groups of people, elders or 
long-time residents, and a few children. Seven lakes (Fig.4.1) were considered suitable for 
further data collection because they (i) were abutted by a low-income settlement; (ii) 
consisted of at least 100 dwellings; (iii) were not temporary, i.e.: not just for the time 
construction works were being executed; and (iv) provided residents with ES (e.g. wild 
foods, sacred uses, recreation) at present and/or in past times (the case study areas 
experienced drastic ecosystem change 20-30 years ago due to urban expansion). 
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Figure 4.1 Map of Bangalore, India, its lakes and the selected case study locations 
 

Data collection 
 

In each of the seven case study areas we held household interviews (30-33 per lake, see form 
in Appendix 1) and a group mapping session (one per lake, see form in Appendix 2) to 
collect information on the state and function of the local ecosystem for the local people, 
both currently and in the past, focusing on ES use and ecosystem disservices (ecosystem-
related nuisances or losses, see Lyytimäki and Sipilä (2009)). Five to eight visits per lake were 
needed to collect the survey and mapping data. Fig. 4.2 gives an impression of a lake 
landscape and the data collection process. 

Central to the interviews was the past and current use of ecosystems, their ES and 
disservices. To encourage a uniform understanding of these concepts we developed locally 
appropriate choice cards with symbols depicting different ecosystems, ES and disservices 
(see Appendix 3). For the symbols, we sourced images from health organizations, human 
development libraries and Indian and Bangladeshi coloring books and adapted them to fit 
the context of Bangalore’s lakes. The cards also served to engage participants with the study 
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and ease communication with people from different backgrounds, age, and idioms. To 
identify a relevant set of ecosystems, ES and disservices to include on the choice cards, we 
gathered information about local ecosystems and their uses in four ways: (i) publications 
about vegetation in Bangalore’s slums (Gopal et al., 2015) and their uses and functions 
(Gopal and Nagendra, 2014); (ii) repeated discussions with six local researchers; (iii) 
observations during eleven visits to eight lake settlements; and (iv) interviews and 
conversations at the same locations. This information was used to select nine ecosystem 
types, 16 ES, and six disservices. The choice cards were tested and redesigned until 90 
percent of the cards were understood at first sight by both children and adults in three pilot 
sessions. During the survey we also provided a verbal explanation of the choice cards. 

 

Group mapping sessions 

At each location we organized a group mapping session to understand how local ecosystems 
have changed over time and how this affected people’s livelihoods and well-being. A session 
lasted two hours on average and typically had 3-6 participants: long-term residents with 
knowledge of past land use, infrastructure and community organization. Participants were 
sampled based on conversations and leads we got during the household survey, followed by 
a snowball approach. Simple topographic maps showing the lake outline and surrounding 
streets were prepared using My Maps service from Google Maps and printed A1 size. A 
session always included a few minutes of orientation to allow participants to become 
acquainted with the map and determine their current location and major landmarks. Then, a 
facilitator asked participants to indicate, locate and delineate with a pencil land uses, roads 
and settlements surrounding the lake 20-30 years ago. We used choice cards and figurines 
(symbolizing sacred trees and livestock) that participants could place on the map to make the 
process more interactive. It usually took several rounds of placing, drawing and erasing 
before consensus was reached about exact locations and sizes. For each formerly present 
ecosystem the participants discussed its use, accessibility and management. This was 
followed by a discussion of important (drivers of) changes in ecosystems, livelihoods and 
community life and values. Finally, participants described their expectations and hopes for 
their future environment. Each session was ended by drawing the final map using color 
markers. 
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Figure 4.2 Impression of a household interview (a), group mapping session (b), and lake area (c). 
Photo credits: (a) M. Derkzen, (b) and (c) A. Bhaskar 
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Household survey 

The household survey comprised 71 questions with 74 sub-questions about current and past 
ES use and was conducted between July and October 2015. Households were sampled on a 
door-to-door basis, making sure that each part of a settlement was covered, including 
migrant, village and spontaneous settlements. Interviews were completed face-to-face and 
lasted from ten minutes up to four hours (44 minutes on average). The sample (214 
interviews in total) consisted of 67% females, average age was 42 (± 16.3), 49% lived at the 
location for ten years or more, 28% arrived within the past ten years and 23% were born 
there. 73% of respondents had a rural background, this includes those living in settlements 
that used to be rural but by now have become part of Bangalore city. 

During the survey we enquired about the use of 16 ES, assisted by the choice cards. 
Interviewees also ranked the top three ES currently most important for their household’s 
general wellbeing. For each of these ES we listed why it was used, with which frequency and 
where it was sourced from. This exercise was repeated for ES used in the past, with those 
interviewees who had been living at the location for at least ten years (n=166). If differences 
appeared between current and past use, we asked when the change took place, what the 
reason was and which alternative the ES was substituted for. We also asked interviewees 
about preferred ecosystem types and perceived ecosystem disservices. 

 

Analysis 
 

For a proper understanding of the context, we first assess changes over time in land use, 
ecosystem coverage and quality using primarily group mapping results. Next we analyze 
overall and lake-specific patterns of change in ES use and ES importance based on survey 
data. Then we outline the consequences of these shifts for people’s livelihoods, the ways in 
which people adapted and how this affected their well-being, based on survey data. Lastly we 
discuss people’s preferences and expectations for the future followed by a brief outlook into 
current pathways of lake development. 
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RESULTS 
 

Changes in land use, ecosystem quality and community structure 
 

The surroundings of the studied lakes have changed substantially in the past decades: 
agriculture, orchards and village groves made way for industry and residential and 
commercial layouts. Group mapping revealed that before the 1980s, lakes were surrounded 
by downstream rice paddies and upstream ragi (finger millet) fields, interspersed with 
orchards and pastures. Settlements were not located at the lake shore directly because the 
area was used for food production, livestock raising, and material collection. Lake water was 
used for rice irrigation, drinking water (people used to dig a hole next to the lake to access 
groundwater), laundry and bathing. Several lakes functioned as seasonal brick factories cum 
fish ponds; after the rainy season workers dammed a shallow area that, after the fish was 
caught and the water had seeped away, provided the raw material to produce bricks from 
lake sediment. The high dependence on natural resources meant that villagers managed the 
ecosystems in a cooperative manner to ensure a sustainable use of the resources. At some 
lakes, fields were irrigated by taking turns and farmers worked on each other’s land in order 
to divide labor and equipment. At other locations a few land owners, often coming from the 
same family, managed the land that was farmed by laborers on a sharing basis, e.g. 50% of 
the harvest goes to the owner and 50% to the laborer. In the village grove, people were 
allowed to collect fruits or fallen branches for fuelwood and it was a place for cows and 
goats to graze. A big tree branch could be cut for a wedding or other ceremony but only 
with permission from the village leaders (Mundoli et al., 2017, 2015). Another example of 
urban commons is the village ashwath katte: a platform with sacred trees used for spiritual 
purposes such as worship and wedding ceremonies, but also a hotspot for social activity 
(Nagendra et al., 2014). 

The described landscape started to transform in recent decades when the city experienced 
rapid urban expansion and the authorities decided that Bangalore’s periphery needed to be 
‘developed’ (Sudhira et al., 2007). Industrial, commercial and residential layouts wiped away 
the agricultural fields and started contaminating the lake (D’Souza and Nagendra, 2011; 
Sudhira and Nagendra, 2013). With the loss of fields and clean water, the shared 
responsibility for a healthy ecosystem also vanished. There are few or no common endeavors 
to combat street and lake pollution – in contrast to the past when residents would take up 
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action to e.g. improve the roads together. What remains in terms of urban nature are the 
lakes, or actually, small and polluted versions of the lakes that served as common lands in 
the past, along with some remnant structures such as ashwath kattes. Also, two new types of 
ecosystems have appeared: home gardens and parks (Fig. 4.3). Parks have been created and 
are maintained by the municipality, business parks, citizen trusts or a combination of these. 

 

 
Figure 4.3 Land use in the seven lake areas for both past conditions (around 1980, blue bars) and 
current conditions (2015, yellow bars) 
 

Patterns of change in ecosystem services use 
 

Each lake has undergone major changes in the past 20-30 years that led to a severe decrease 
in the number of families using ES and a smaller bundle of ES provided per lake. Earlier, 14 
out of 16 ES were used by at least one third of all households in our survey, while today this 
is only three out of 16. Water-based ES such as drinking water provision, laundry and 
swimming/bathing have disappeared almost completely due to pollution, while food 
production in arable fields stopped and fodder collection plummeted when farmlands were 
sold for city development. Currently, gardening is the most popular use of urban nature, 
followed by fuelwood and then other cultural ES such as sacred uses, scenic beauty and 
recreation. Over time, the data show a decreasing trend for provisioning ES and an 
increasing trend for cultural ES, especially because the practice of gardening increased 
strongly (Fig. 4.4). 
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Figure 4.4 Ecosystem services use of the lake area per type for both past conditions (around 1980, 
blue bars) and current conditions (2015, yellow bars) 
 

Fig. 4.5 shows a general trend of reduced ES use but also reveals different patterns of 
change among the seven lake communities. Respondents in Bhattarahalli and Rachenahalli 
communities were most reliant on ES in the past, e.g. for the collection of fuelwood, wild 
foods and other natural material, followed by ITI Layout where residents mostly used the lake 
surroundings for provisioning ES like laundry and cattle herding. Although these three 
communities have experienced large changes in ES use over time, respondents living at 
Rachenahalli Lake still use more ES than at other lakes. Of all lakes, ITI layout has seen the 
sharpest decrease in ES use with all except gardening being used by less than 20% of 
respondents. In contrast, Puttenahalli Lake was relatively little used earlier but has come to be 
used more compared to the other lakes, mainly for cultural ES. This is exemplified by the ES 
scenic beauty which decreased at all locations except for Puttenahalli and Vibhutipura lakes. 
These two lakes have recently undergone clean-up and restoration activities that apparently 
succeeded in improving the lakes’ visual attractiveness. 

Fuelwood, livestock herding and laundry were considered the most important ES in the past 
(Fig. 4.6). Fuelwood was collected around the lake, agricultural fields and groves, and used 
daily for cooking and heating bathing water. Over time it became harder to find wood and 
the local government provided kerosene stoves to low-income households, which were later 
replaced by gas. In the same fields, people would take their cows, goats and sheep for 
grazing and the animals provided them with a livelihood in return: a milk or meat business, 
for ploughing, and manure provision. When the fields transformed into residential layouts 
families had to start working in wage labor, often as unskilled laborers, or became dependent  
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Figure 4.5 Changes in ecosystem services use for all lakes together (top left) and for each individual 
lake, for both past conditions (around 1980, dashed line) and current conditions (2015, solid line) 
(axis indicates the share of households using the services from 0% (center) to 100% (outer ring)) 
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on their children’s revenue. Also the women doing laundry at the lake shore have become a 
rare sight since lake water got polluted and access to the water difficult because of fencing 
and elevated lake bunds. Instead, people use water from bore wells or tanks that is supplied 
2-3 times a week. 

Most ES that were considered important in the past are no longer considered important 
today. An exception is fuelwood which is still used to heat bathing water in the morning, 
although today the wood or coconut chips are often bought and if collected, mostly from cut 
roadside trees or construction sites. In the analysis we included households collecting 
fuelwood from various sources and excluded those buying fuelwood. Ecosystems are also 
used for sacred and religious purposes; trees, ant hills and occasionally the lake itself. Lake 
festivals and rituals were more abundant in the past, when they were performed to e.g. 
safeguard or bless a good harvest. But the most important ES at present is definitely 
gardening, ranging from a few flower pots to much used kitchen gardens, which people do 
for ornamental, consumption, religious, medicinal and cosmetic reasons. The most common 
plants are the medicinal aloe vera, used for skin care and home remedies, and the sacred tulsi 
or Holy Basil (Ocimum tenuiflorum) to which Hindus pray and which is also an herbal 
medicine. Other favorites are flowers, chilly, tomatoes and eggplant. 

 

 

 
Figure 4.6 Relative importance of ecosystem services for both past conditions (around 1980, blue 
bars) and current conditions (2015, yellow bars) 
 

Changes in the use of lake ES in Bangalore are driven by a combination of factors: land use 
change, pollution, access restrictions and changing needs and norms. The transformation 
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from agricultural land and open fields to industrial, commercial and residential layouts has 
led to a reduced availability of natural resources and has especially influenced land based ES 
such as food production, livestock herding and the collection of natural material. When the 
new occupants started dumping waste and sanitary water into the lake this also led to a 
reduction in ecosystem quality and a resulting decline in the use of water-based ES. ES use 
became further constrained by new rules and regulations resulting from changes in land 
ownership: people were no longer allowed to collect fallen branches in the government 
forest or pluck fruits from the orchards. In some cases the lake has become inaccessible 
because a physical barrier has been built to prevent people from entering and using the lake. 
Finally, ES use declined due to changes in people’s needs and norms such as the fading 
traditions of using fuelwood for cooking and sacred lake festivals, but also the arrival of 
technological alternatives (gas stove, toilet, washing machine). At the same time, changing 
needs and norms have also led to an increase in ES use such as the new interest people have 
in gardening and recreation. 

 

Consequences of change: how have people adapted? 
 

The altered ecosystem forced those living next to the lake to adapt to the new circumstances. 
A majority switched from farming and livestock raising to casual or other types of paid 
labor. Some travelled to other locations to find resources such as fodder and fuelwood while 
those with the financial means paid for goods and services and went elsewhere in search of 
aesthetic enjoyment. For other ES, their use stopped. However, the way in which people 
adapted to their changing environment differs for the various types of lake residents. 

Among our interviewees we noticed that those living in reasonably secure circumstances 
(regarding housing and employment) show a growing interest in the recreational and 
aesthetic enjoyment of the lake. They no longer rely on the lake for provisioning ES as they 
are able to pay for goods and services, and their norms and needs change according to an 
urban lifestyle. What may remain of their ancestors’ background is the use of fuelwood to 
heat morning bathing water and growing a few sacred, medicinal and ornamental plants in 
pots. This adaptation pattern is visible among the better-off (often those receiving revenue 
from renting out apartments built with money from farmland sales) in the former villages 
around Bhattarahalli and Rachenahalli lakes, and also in the oldest spontaneous settlements of 
Madivala and Vibhutipura lakes. 
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Interestingly, some families that have become very rich from land sales still have tight 
connections with nature and agriculture. These families often own fields and orchards 
outside of the city from which they bring home some produce, and have detailed knowledge 
of the medicinal properties belonging to the native plants in their home gardens. They 
maintain open wells built by their grandfathers and use traditional tools such as grinding 
stones – while the newest motorcycle is parked beside. Such families are found around the 
lakes of Bhattarahalli, ITI Layout, Rachenahalli and Somasundarapalya. 

Another group of respondents typically adapted to the decreased possibility to use natural 
resources by finding alternative income; the women working as domestic help and the men 
doing manual labor. Some may have sold their farmland but did not invest in building rental 
apartments. Some continue raising livestock but now need to buy fodder or find it 
elsewhere. Their houses are equipped with basic sanitary facilities or they use shared toilets. 
They use fuelwood to heat bathing water and often have gardens with useful plants for 
consumption, medicinal and sacred use. Even if families enjoy reasonably steady 
employment and financial capital, they may still be lacking housing security because their 
houses are built on government land: they have permission to live here, but as soon as the 
government needs the land for a different use the families may receive an eviction order. 
These patterns are visible among residents of the spontaneous settlements at Bhattarahalli 
and Puttenahalli lakes and residents living in rental housing at ITI Layout, Madivala and 
Somasundarapalya lakes. 

A final group consists of those without secure land tenure and financial capital; largely rural 
migrants who left their native place because there were not enough rains to nourish their 
fields. They come to the city and end up working in construction, men and women alike. 
Their settlements can be recognized by the shacks of ply- and waste wood or stones, covered 
by blue tarpaulin sheets and lacking any sanitary facilities. They have no water connection 
and cook on open-air fuelwood stoves. Some stay for a few months, others over ten years. 
Due to the insecure housing situation and the heavy work load, families do not grow any 
plants. They generally do not have a historical connection to the place, but do rely on the 
lake in times of need. Vegetated surroundings are used for open defecation and in the 
absence of water they wash their dishes and laundry with lake water. Just like fishing and the 
collection of wild foods and natural material, these uses are becoming increasingly difficult 
because lakes are increasingly difficult to access. Fencing, rules and restrictions but also 
pollution and the privatization of open fields reduce the possibilities to access natural 
resources for the most vulnerable groups. These groups lack the financial means for proper 



104 
 

and safe alternatives, and suffer from insufficient institutional support. As a result, those 
already vulnerable become even more marginalized. This type of resident can be found at 
Puttenahalli, Rachenahalli, Somasundarapalya and Vibhutipura lakes. 

The links between drivers of change, ES use and resulting adaptation strategies are depicted 
in Fig. 4.7. The diagram also shows a number of consequences for human well-being that are 
faced by lake residents, such as an increased reliance on paid labor and financial capital and a 
decreased possibility to express cultural and spiritual values related to the lake ecosystem. 
Whether these consequences are negative or positive depends for a large part on an 
individual’s socioeconomic position and security. 

 

 

 

Figure 4.7 Diagram showing the links between drivers of change, ecosystem services, household 
adaptation strategies, and wellbeing consequences 
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Preferences for ecosystem types and future pathways  
 

In such a context of change, the question is what will happen in the near future. When we 
asked respondents which ecosystem types they would prefer to have around, agricultural 
land was chosen by one out of five. Despite that people realized it is not possible to farm 
around the lake nowadays due to land availability and ownership, they still longed to be 
surrounded by agricultural fields. According to many, agriculture is ‘everything in life’: 
people recognized their improved self-sufficiency if they farmed, and farming reminded 
them of their childhood. Nostalgic reasons also appeared for grazing land (7%) and forest 
(7%), although forest was also treasured for its shade, cool climate, peacefulness, animals, 
and fuelwood and fodder provision. Among these three ecosystem types, only grazing land 
has left a few patches at three of the studied lakes today. 

From the currently existing ecosystem types, fruit trees were most preferred (15%). Fruit 
trees were favored to eat or sell the fruits, use in cooking, for weddings and religious 
functions and making broomsticks. However, most existing fruit trees are privately owned, 
either grown by individuals or in groves. Other trees such as the sacred banyan tree (10%) 
were appreciated for their provision of shade and wind, as a place to meet, talk and play, for 
spiritual purposes, and for their wood. Large trees are generally found at the village ashwath 
katte where the spiritual use is common, but the social use may be dominated by men. Home 
gardens (14%) were chosen for growing ornamental plants, fruits and vegetables, for health 
reasons, and because gardens are considered to improve the microclimate. Although 
gardening is already the most common ecosystem practice, not everyone has, or in case of 
rental housing is allowed to use, the space to grow plants or place pots. In addition, for 
garden plants there is the risk to be eaten by cows. Finally, 13% of all preferences were 
attributed to the lake, though in a clean and non-polluted state so that the lake area can be 
used for its scenic beauty and for domestic chores, bathing, fishing and for other animals to 
thrive. Respondents also made a connection between the dirty water and the presence of 
mosquitos and diseases and therefore expect to derive health benefits from a clean lake. 

 

Conversion, degradation or restoration 

Several respondents (14%) and group mapping participants mentioned that parks were the 
only realistic option for developing new greenery in a city like Bangalore. Without an 
incentive for restoration, the lakes seem destined to endure severe degradation and/or 
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complete encroachment by landless families and real estate developers. Especially in the last 
case, encroachment may lead to the disappearance of urban lakes and surrounding open 
space, as has happened repeatedly in Bangalore (D’Souza and Nagendra, 2011). But 
Bangalore has recently witnessed several citizen initiatives to save or restore lakes, coming 
from middle and high-end income groups with lobbying power (Enqvist et al., 2014). Lake 
restoration efforts seek support from the relevant local authorities and go hand in hand with 
park development, alongside with elevated lake bunds being turned into walking and jogging 
tracks. Two lakes in our sample, Puttenahalli Lake and Vibhutipura Lake have undergone 
restoration activities such as cleaning the lake, creating a walking path and planting flowers 
and ornamental trees. A fence should help maintaining the rejuvenated lakes and indeed it 
stopped people (and livestock) from entering the lakes while recreational uses increased. The 
parks and walking paths are much used, also at Rachenahalli Lake where the village grove was 
turned into a park by a private owner, a tech park. Lake restoration regularly coincides with 
the construction of ‘lake view’ apartments and other luxury housing projects targeted at the 
new urban elite and upper-middle class for whom the lakes are places for recreation and 
aesthetic enjoyment. 

 

DISCUSSION 
 

With this paper we aimed to understand how urban development affects urban ecosystems 
and the well-being of the urban poor, through shifts in ES and people’s responses to these 
shifts. By enquiring about both past and current availability and use of ES, we were able to 
illustrate spatial and temporal patterns for several lakes. One of the limitations of the ES 
approach revolves around difficulties measuring ES that are not directly valuable in market 
thinking, while these services contain very important social and cultural meanings. Our 
approach captured individual as well as common benefits derived from urban ecosystems 
that are sometimes ignored in city planning. Our method of combining household interviews 
with group mapping sessions provided an adequate sample to distinguish patterns of ES use 
while also collecting rich data on the historical context, land sales, changes in ecosystem 
management and consequences for community structure. This combination allowed us to 
reveal the links between drivers of change, changes in ES use, people’s adaptation strategies 
and well-being consequences. It also provided us with insights into people’s expectations 
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and preferences for the future of Bangalore’s lakes, a future which seems to revolve around 
conversion, degradation and restoration. 

However, our approach also has certain limitations. First, our focus on slum residents means 
that views and preferred lake uses of non-slum residents were not taken into account. 
Incorporating their perceptions would have given a more complete picture of especially the 
current situation and future prospects of lake use. Second, we mapped land use and changes 
therein through group mapping sessions. These maps could not be compared and verified 
with historical maps of past land use as these are, to our knowledge, not available while 
historic remote sensing data do not provide sufficient detail to depict the actual use of the 
ecosystems around the lakes. The participatory mapping foremost served to guide the 
discussion and understand local dynamics of ecosystem change, more than being 
geographically accurate. Third, our household sample has an overrepresentation of women, 
which may skew the types of ES assessed. For example, female respondents more often 
indicated anti-social behavior as a disservice, and a home garden as a preferred ecosystem 
type. Likewise, we gained more insight into the use of certain ES such as the collection and 
medicinal use of wild plants, but as a consequence collected fewer details about ES use such 
as fishing and swimming which are male dominated. We compensated for this imbalance in 
ES concerned by separately interviewing key persons encountered at the lake, not as part of 
the survey, who engaged in fishing, bathing and herding cattle. Also, we tried to minimize 
bias by working on household level which allowed us to collect information about both 
female and male family members and about different generations. 

 

Shifts in ecosystem services and consequences for well-being 

Despite the above stated limitations, our results show that the context of Bangalore’s lakes 
reveals a trend from the use of provisioning ES in the past to the use of cultural ES to date, 
and from communal to individual management of local ecosystems. A clear pattern is the 
shift towards using public space for recreational purposes while some provisioning ES are 
provided on a small scale in the private realm through the practice of gardening. Lake 
dwellers responded to the increasingly urbanizing environment by finding (other) sources of 
income through a paid job, often as unskilled laborer, accepting lower-quality or less 
accessible ES, and/or completely stop the use of certain ES. The consequences of these 
changes for people’s well-being differ depending on their financial and land tenure security: 
those with a relatively steady income are able to pay for goods and services and therefore not 
much affected, while those without a steady income need to rely on other safety nets and are 



108 
 

thus more affected by changes in ES provision. Lastly, those without secure land tenure lack 
the option of growing a kitchen garden and live in constant fear of eviction which makes it 
hard to invest in the future. 

 

Losing the urban commons: privatization and degradation 

Changes in and around Bangalore’s lakes can be summarized by three trends: privatization 
followed by conversion, pollution followed by degradation, and restoration followed by 
gentrification. These trends are by no means unique to Bangalore, but they play out 
differently at different locations. The trend of privatizing public space and greenery, for 
example, has also been prominent in urban policies in the UK and US since the 1970s 
(Warner, 2012), and two decades later in the post-socialist cities of Eastern Europe (Hirt, 
2012). Privatization and collective action can on the one hand lead to nature conservation, 
regeneration and stronger community ties (Foster, 2012). On the other hand privatization 
may exclude people from entering and using the space which thereby loses its meaning as a 
commons (Goix and Webster, 2006), which is what we observed in Bangalore. Likewise, the 
trend of ecosystem degradation by pollution is not unique to Bangalore and water bodies in 
other contexts of rapid urbanization have witnessed the same (Eduful and Shively, 2015; 
Hettiarachchi et al., 2014). We observed lakes being fed by insufficiently treated sewage 
water from surrounding apartments and institutes while slum rubbish reaches the lakes via 
open stormwater drains. For the families that continue living near a degraded lake ecosystem 
and for those who are new to the city and come to live at one of the few remaining open 
spaces, the lakes seem to have little to offer. Living near a lake may be more of a burden 
than a benefit, being deprived of proper garbage, sewage, and sanitary systems and suffering 
from the health risks of being exposed to polluted water; residents related the perceived 
increase in mosquitoes and disease to an increase in pollution. 
 

Can restoration save the urban commons? 

The third trend that drives changes around Bangalore’s lakes is restoration. As restoration 
seems the only trend able to provide a viable future for the city’s lakes, this and the next 
paragraph discuss the restoration trend and its possible consequences in more detail. 
Restoration of the urban commons has been set in motion through global treaties (e.g. 
Ramsar for wetland protection) as well as collective citizen action. Although such initiatives 
have succeeded to raise public awareness and support, improve ecological conditions and 
create tourism and recreational benefits, such initiatives do not necessarily benefit all citizens 
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alike (Cobbinah et al., 2015; Dennis and James, 2016; Enqvist et al., 2014). Even though 
restoration may counter the negative effects of environmental degradation, it comes with 
access restrictions that have the same effect as pollution has: the use of livelihood supporting 
ES is inhibited. This process makes room for recreational and aesthetic uses of the urban 
commons and benefits those looking for a recreational use of the city’s lakes: the urban elite 
and growing middle-class. Restoration transforms a common pool resource from an 
erstwhile common property regime (where the local, largely low-income neighborhood 
community derived valuable livelihood and subsistence resources from the lake) into a 
resource visualized as a public good (for services conceptualized as non-subtractible “public 
uses” such as recreation and play areas, with deliberate exclusion of subtractible, foraging 
and extractive use of ES). Residents in our sample that have been able to adjust to the urban 
lifestyle are happy with the creation of lake parks as they found new value of these places: a 
nice view, walking paths and a place for their children to play. At the same time, other 
residents do not feel welcome or are too unfamiliar with this new use of urban nature. As 
with the case of South Africa (McConnachie and Shackleton, 2010), the urban poor cannot 
afford to visit more natural places in or outside the city (botanical garden, rural areas), 
meaning that changes in the ecosystem leave them deprived of both cultural and 
provisioning ES. In this way, a focus on ecology, i.e. lake restoration, leads to exclusion of 
certain groups. 
 
Another consequence of lake restoration is gentrification, the process in which upgrading of 
deprived neighborhoods results in an influx of wealthier residents that displaces poorer 
residents (Wolch et al., 2014). The role of urban ecosystems as a real estate asset and the 
related process of gentrification is taking place worldwide, from Seoul (Lim et al., 2013) to 
Maputo (Barros et al., 2014) and from London (Lees and Ferreri, 2016) to Manila (Ortega, 
2016). These contexts all tell about increased inequalities between the urban poor and the 
urban elite, about access, quality of urban services and displacement. The urban poor may be 
dislocated as a result of brownfield restoration as happened with New York’s High Line 
Project (Steiner, 2014). Similar processes are happening at Bangalore’s lakes where 
spontaneous settlements are being demolished as soon as the area undergoes rejuvenation 
works. In Bangalore, gentrification mostly seems to result from neighborhood improvement 
for the already well-off; restoration efforts are largely initiated by and serve the goals of elite 
groups, i.e. those with higher education, income and political influence. Indeed, lower 
socioeconomic status was found to negatively influence community participation rates in 
Dhaka, Bangladesh (Swapan, 2014). But there are exceptions. Such as in Cape Town, South 
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Africa where formerly marginalized citizens initiated a restoration project on the derelict land 
they came to live on, triggering multiple other socioecological projects in the area (Colding et 
al., 2013). Still, this case concerned residents with property rights, while the most vulnerable 
groups, who are also the most ES reliant, generally do not have the legal rights to the land 
they live on – something that seems a significant impeding factor in prompting action for 
ecosystem restoration (Shackleton et al., 2015). 
 

Way forward: inclusive governance processes 

Our results show that lake residents are divided between those who long back to the old 
days of farming and living in close connection with the surrounding ecosystems, and those 
who have accepted the changing tide and managed to adapt to a new lifestyle. Seeing 
Bangalore’s growth rate, the old days are unlikely to return. But a realization that the city’s 
open spaces and especially its unique network of lakes need immediate attention is sprouting. 
Supported by the local government as well as civil society, lake restoration efforts are 
ongoing and the first success stories made it to national and international news. At the same 
time, horror stories of urban lakes frothing with chemicals make sure that everyone knows 
there is still a long way to go. What is missing in these debates is a consideration of the 
people living right at and depending on the lakes. This study provides new insights into their 
livelihood decisions and expectations. While beautiful lake parks may be a solution for the 
well-off and not-too-poor, leaving the very poor without options to adapt to the new 
circumstances puts them at risk of becoming even more vulnerable and marginalized. There 
is a dire need for their voices to be included in ecosystem restoration projects. But the needs 
of the urban poor often do not seep through into policymakers’ plans because their voices 
remain unheard – that is why stakeholder participation is essential (Eduful and Shively, 
2015). A restoration project that includes everyone’s voices and stakes will possibly be the 
most successful in ecological terms as well, since a secure livelihood can encourage 
environmental stewardship (Cobbinah et al., 2015). The challenge is to find common ground 
among the heterogeneous and often individualistic spirit of urban communities (Zhu and 
Simarmata, 2015).  

One way forward that has been suggested by scholars of the urban commons is via 
polycentric or multi-level governance, wherein state efforts at restoration act in conjunction 
with a mix of middle class and wealthy resident associations, as well as federations of slum 
residents and low-income, ecosystem-dependent livelihood practitioners such as cattle 
grazers and fishers (Nagendra and Ostrom, 2014), to plan for lake restoration via 



111 
 

constitutional and other forms of higher order rule making (Ostrom, 2001). Yet, in 
increasingly iniquitous urban settings, of which Bangalore is a stark example, opportunities 
for a level playing field for low-income communities to shape rule-making are increasingly 
shrinking, as has been pointed out by scholars of the urban commons (Harvey, 2012). In 
Bangalore, the increasing reimagination and reinterpretation of urban ecosystems from 
common property regimes to public goods, has led to their conversion in many instances 
from functioning ecosystems into built spaces such as schools, administrative offices and 
other public utilities. In the few instances where restoration proceeds, this research 
demonstrates the importance of making the fine distinction between commons and public 
goods, and of ensuring that voices of users of the commons are strongly heard and included 
in visioning processes for restoration.  

 

CONCLUSIONS 

 

This study supports the notion that ecosystems and ES are critical constituents of human 
well-being, particularly for the urban poor. We show however that shifts in the availability, 
quality and access to local ES affect well-being in different ways and can have positive as 
well as negative consequences. Having access to a large bundle of ES does not automatically 
translate in higher well-being, and ecosystem degradation does not necessarily bring about 
losses in terms of well-being. Rather, the consequences of ecosystem change depend much 
more on a household’s ability to adapt and on individual circumstances; secure land tenure 
and financial capital in particular. Other important nuances that may be overlooked are the 
issue of access, and tradeoffs among ES such as provisioning versus cultural services. In the 
current context of Bangalore’s lakes, ES provision may be helpful in addressing poverty but 
does not automatically contribute to poverty alleviation. 
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CHAPTER 5 ■ 

Shifting roles of urban green space in the context of 
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ABSTRACT 
 

Green space in cities is important, but not always and everywhere for the same reasons. 
Based on literature review and empirical evidence, we describe transformations in the roles 
of urban green space (UGS) across time and place using the ecosystem services concept. 
Urban development and societal change affect the degree of UGS functionality via different 
trajectories like degradation, revalorization and community action. We explain triggers of 
different trajectories of change and emerging trade-offs within society. An improved 
understanding of the shifting roles of UGS can guide urban planning and prioritize designs 
that fit current and future demand. Research on UGS and ecosystem services should more 
strongly connect to the development of urban lifestyles in diverse contexts, expose trade-
offs between beneficiaries, and explore options for adaptive governance. 
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INTRODUCTION 
 

By now, a majority of people live in cities. World-wide urbanization is continuing, especially 
in growing economies (UN, 2014). Urban development comes with challenges and 
opportunities, and some important ones relate to the physical space that contains city life: 
the urban fabric. The urban fabric, as a combination of buildings, infrastructure and open 
space, is dynamic: both in its physical appearance and in people’s visions on what this 
appearance should ideally be (Childers et al., 2015; Scott et al., 2016). The outcome depends 
on regulated as well as unregulated urban development, driven by local to global trends and 
reflecting citizens’ needs to a varying extent. Within a context of urban development and 
global change, this paper synthesizes transformations in the roles of urban green space 
(UGS). 

Green space in cities is crucial for human well-being. UGS shapes local identity, benefits 
public health, increases resilience to climate change and environmental shocks, promotes 
biodiversity conservation and improves quality of life (Elmqvist et al., 2015). The roles and 
functions of UGS are changing along with changes in society. Urban development and 
societal change make that UGS moves between nonfunctional, monofunctional and 
multifunctional roles (Niemelä, 2014). Shifts in these roles are influenced by changes in UGS 
supply, the presence of (semi-)natural ecosystems, and demand, human needs and lifestyle 
changes. At the same time the shifts affect the type of users that benefit from UGS, 
differentiating ‘urban winners’ from ‘urban losers’ (Brink et al., 2016; Hurlimann et al., 2014; 
Nagendra, 2016a). Finally, UGS is an interesting study object because compared to rural and 
natural areas, UGS offers much more possibilities for interventions through spatial planning 
– notwithstanding that urban land ownership is shifting away from public and communal to 
private hands (Buffel and Phillipson, 2016). 

 

Objective and approach 

Steiner (Steiner, 2014) identifies four frontiers in urban ecological design and planning 
research: (1) ecosystem services (ES), (2) planning for natural disasters, (3) ecological renewal 
of degraded land and (4) ability of people to link knowledge about their surroundings to 
local action. To date, literature on these topics originates from different contexts and world 
regions and is scattered. The objective of this paper is to synthesize shifts in the roles of 
UGS and sketch dominant trajectories based on urban development and societal change. We 
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describe transformations across time and place and link UGS roles to the ecosystem services 
concept. We discuss trade-offs between beneficiaries, highlight how different triggers and 
actors guide UGS interventions and help prioritize designs that fit current and possible 
future roles of green space in cities. 

The conceptual framework as presented in this paper is for a large part based on literature 
review. It builds on literature that studies local urban green space issues, e.g. urban shrinkage 
in Detroit or community gardens in Israel, and literature that takes a more general 
perspective on the role of urban green space, e.g. in the context of environmental justice. 
For a more complete understanding and contextualization of the framework, the paper also 
builds on empirical evidence from case studies in Bengaluru, India (Derkzen et al., 2017a), 
Rotterdam, the Netherlands (Derkzen et al., 2017b) and São Paulo, Brazil (unpublished 
data). 

 

TRAJECTORIES: SHIFTING ROLES OF URBAN GREEN SPACE 
 

Urbanization brings about changes in UGS functionality. We distinguish four dominant roles 
of UGS that are possible start, transitional or end conditions (Box 5.1): traditional, degraded, 
function-designed, and novel multifunctional. Next, we show how these roles change over 
time and which trajectories transform UGS roles (Fig 5.1). 

 

Degradation 

Often urban development leads to degradation of traditional UGS when neither citizens nor 
authorities take action. Pollution and land use change combined with a lack of UGS 
stewardship result in urban wasteland, while urban infill results in UGS becoming small, 
fragmented and disconnected (Dallimer et al., 2015). When UGS deteriorates in terms of 
quality, quantity and spatial configuration there is a risk of UGS becoming nonfunctional, or 
even providing negative externalities to public health or harnessing safety issues (Von 
Döhren and Haase, 2015). Without any action, UGS may be lost quickly– this is a major 
challenge, especially for fast growing cities (Paul and Nagendra, 2015). 
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Box 5.1 Description of dominant urban green space (UGS) conditions and roles with examples. 
Photos by M.L. Derkzen 
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Figure 5.1 Diagram showing the shifting roles of urban green space (UGS) as spaces with a varying 
degree of functionality. Arrows indicate the dominant trajectories as described in the text 
 

Planning & design 

Maturation of city development and increases in well-being result in natural resource based 
livelihoods becoming replaced by jobs and housing that have limited to no links with nature. 
At this point in time the role of UGS often shifts from traditional UGS to function-designed 
UGS. Ecosystems that previously sustained livelihood activities such as food production, 
livestock herding, fishing and spiritual practices are managed to become recreational spaces 
that offer an escape from city life (Unnikrishnan and Nagendra, 2014). With this, also a shift 
in ownership and accessibility occurs: greenery either moves from the public to the private 
realm (gardens) or restrictions on use and access are installed. City parks generally do not 
allow activities such as bathing and material collection but are solely meant for people to 
spend their free time in, and may be subject to opening hours. UGS ownership and 
management are transferred to the local authorities who decide on design and functionality. 
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This does not mean that function-designed UGS are inflexible to fluctuating user demands. 
For example, city parks in Dortmund, Germany, have been equipped with barbecue pits to 
serve the Turkish migrant population (Peters et al., 2016). 
 

Revalorization 

Function-designed UGS can be enhanced to novel multifunctional UGS that combine 
regulating ES with cultural ES (Lindholst et al., 2016). Given the increasing demand for 
water and heat regulation under climate change, UGS is nowadays more frequently re-
designed to provide such functions. An example is the use of UGS for rainwater infiltration 
(Derkzen et al., 2017b; Larsen et al., 2016). At the same time, urban planners are exploring 
mechanisms that stimulate private landowners to install climate sensitive measures such as 
green roofs and rain gardens in high-density cities that need to cope with heat stress and 
flooding (Carter et al., 2015). UGS in this role is managed by the municipality but more than 
with function-designed UGS, these spaces offer possibilities for participatory planning 
processes in which municipalities collaborate with architects, students, residents and local 
entrepreneurs to design climate sensitive UGS that also fulfills recreational demands 
(Frantzeskaki and Kabisch, 2016). Still, cities need to make sure that revalorization plans do 
not merely end up as general policy advice but become effective measures that are designed, 
distributed and implemented according to residents’ needs (Geneletti and Zardo, 2016). 
Private land owners such as real estate groups also play an important role in revalorization of 
UGS by the elite, advertising the creation of private parks and wetlands for recreational use 
in upscale residential communities (Nagendra, 2016b). 
 
Community action 

A trajectory that is managed by and benefiting local residents, is community action. Bottom-
up movements such as collectively governed community gardens can initiate a shift from 
degraded or function-designed UGS to novel multifunctional UGS (Clendenning et al., 
2015). With its food producing, climate regulating, local identity strengthening and 
educational functions, this UGS type provides a wide range of ES (Dennis and James, 2016). 
Depending on the context, emergent local food movements may be more of a lifestyle 
expression or social mission than a reliable food source (Dimitri et al., 2016). Still, their local 
character and dependence on residents’ efforts often result in community UGS serving the 
urban elite as well as the urban poor. 
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Restoration 

From a state of degradation, a restoration trajectory can turn degraded UGS (but also 
brownfields (Scott et al., 2016)) into function-designed UGS, either for recreational purposes 
or for climate adaptation – the first being more likely to happen in currently urbanizing cities 
(e.g. São Paulo) and the latter in established cities (e.g. Rotterdam). Restoration can happen 
through different actors: the municipality, business parks, citizen groups or a combination of 
these. Bengaluru shows how citizen groups team up with local authorities to restore urban 
lakes and create rejuvenated lake parks (Enqvist et al., 2014). Restoration efforts in 
Bengaluru are steered by higher-income citizens and largely fail to take into account the 
needs of low-income communities - who bear the consequences of restricted UGS access 
(Derkzen et al., 2017a). In Jakarta, low-income communities speak out their preferences for 
a multi-functional alternative to a planned river restoration project (Vollmer et al., 2015). 
 
Urban shrinkage & re-greening 

On top of these trajectories, it is possible that demographic or economic decline leads to 
changes in UGS character. Urban shrinkage is commonly seen in Europe and the US, with 
Detroit providing a well-known example (Nassauer and Raskin, 2014). Urban shrinkage 
opens up possibilities for re-greening and rewilding of brownfield sites and vacant lots – 
leading to an increase especially in regulating ES (Haase et al., 2014a; Kim et al., 2015). With 
some investment, e.g. enhancing wasteland by planting low-maintenance flowers, shrinking 
cities can avoid that the newly available space becomes unattractive for residents and non-
functional (Köppler et al., 2014). Urban shrinkage also offers ample opportunities for urban 
agriculture, biodiversity, and participatory initiatives (Colding et al., 2013; Kremer et al., 
2013; McClintock et al., 2013). 

 

TRADE-OFFS BETWEEN BENEFICIARIES 
 

Shifts in UGS roles go hand in hand with shifts in UGS users. The degradation trajectory 
entails a shift from livelihood dependent users to no users at all because of the polluted and 
fragmented nature of degraded UGS. A second major shift takes place when traditional or 
degraded UGS transforms into recreational and/or climate sensitive UGS through planning 
& design or restoration. Those benefiting from restoration are typically the middle classes 
and elite who are interested in and can afford to spend time on leisure. At the same time, 
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restoration brings benefits to the wider society through a decrease in health or safety 
externalities (Bogar and Beyer, 2016). When traditional UGS transforms into function-
designed UGS, there is a risk that livelihood dependent users, having low or no formal 
income, become excluded. Function-designed UGS serves many urban residents but 
generally not the most marginalized and vulnerable groups for whom shifts in ES provision 
entail minor or major livelihood adaptations (Ancog and Ruzol, 2015; Derkzen et al., 2017a). 

In cities where recreation and aesthetic appeal have become the main functions of urban 
nature, inequality continues to prevail. Urban greenery is often not present or of inferior 
quality in deprived neighborhoods, while exactly in these places residents rely more heavily 
on public UGS due to the lack of private greenery (Lin et al., 2015). In the event of 
neighborhood (re)development, green gentrification (the process in which greening of 
deprived neighborhoods results in an influx of wealthier residents that displaces poorer 
residents) may quickly set in. Gentrification reverses the positive effect for the poor and 
maintains or even aggravates environmental inequity (Miller, 2016; Wolch et al., 2014). 
Urban ES in these contexts become converted into ecosystem disservices (Von Döhren and 
Haase, 2015), with proximity to polluted UGS bringing in for e.g. increased risk of flooding, 
and susceptibility to illness. Another trend that worsens environmental inequity is the rise of 
club-based organization of public land, such as gated communities that have their own 
facilities including parks and gardens (Colding et al., 2013). At the same time, there is a loss 
and fragmentation of public UGS in areas of unregulated residential development due to 
weak regulations and control (Chitrakar et al., 2016; Zhu and Simarmata, 2015). 

The repeated exclusion of vulnerable groups indicates that the same people are affected by 
different shifts in UGS roles. We can distinguish between ‘urban winners’ who are in a 
position to benefit from UGS shifts and are often the main stakeholders in the decision-
making process, and ‘urban losers’ who seem to become increasingly marginalized while 
their way of life actually preserves and sometimes increases (native) biodiversity and open 
space. The community action trajectory, however, offers possibilities for ‘urban losers’ to 
reclaim UGS. Bottom-up movements such as urban agriculture have proven successful in 
different contexts such as the US (Clendenning et al., 2015) and Israel (Filkobski et al., 
2016). 
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TRIGGERS AND POLICY INTERVENTIONS 
 

The trajectories of change in UGS (Fig. 5.1) are shaped by several triggers and interventions, 
depending on governance types and actors involved (Table 5.1). Classically, municipalities 
reply to societal triggers through spatial planning to create or redevelop UGS, e.g. city parks 
as part of a planning & design trajectory. Increasingly, municipalities also employ 
instruments to encourage interventions by private landowners e.g. via building guidelines 
that require on-site rainwater infiltration. Other triggers spur interventions by civil society, 
e.g. community food gardens. Others again, allow municipalities and civil society to join 
forces, e.g. to prevent that a process of urban shrinkage leads to unused land. The different 
trajectories rely on specific policy instruments and actors, depending on the presence of the 
right triggers to gain public support. Multi-level governance interventions have a higher 
chance of succeeding in such contexts, especially when communities and civil society groups 
join forces with city municipal authorities (Nagendra and Ostrom, 2014). 

 

CONCLUSIONS 
 

Urban ecosystems can play an important role in achieving the first urban sustainable 
development goal: make cities inclusive, safe, resilient and sustainable. To meet this 
challenge, multiple trajectories can be followed depending on the current condition and role 
of UGS. The review also indicates that if no or inadequate actions are taken, degradation and 
loss trajectories make sustainable development either costly or impossible as open space is 
lost. Careful planning and accounting of current UGS functions and user needs is essential. 
 

Research priorities 
 

The issue of equity and inclusion in UGS development is an important first research priority. 
Studies have described individual UGS trajectories, but few examine how consequences of 
change are distributed and affect different user groups (Nagendra, 2016a; Suich et al., 2015). 
Better insight and methods to account for equity issues are essential to support planning and 
policy development related to UGS. Second, understanding of the context conditions that 
generate and support effective triggers and successful trajectories needs to be improved. For 
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example, which developments need stimulation, how can societal triggers render public 
support, and what UGS design would best match the demand and stewardship available? 
Third, UGS research would benefit from a closer consideration of change and time 
dimensions including the history of socio-ecological systems. This, because past land 
use/cover and decisions on their change influence current ES values (Dallimer et al., 2015), 
but also because UGS development does not end after a plan or design is implemented but 
continuously needs to coevolve with socio-ecological needs (Steiner, 2014). 
 

Priorities and challenges for policy and management 
 

With a decrease of top-down policies and an increase in community and private actor 
engagement, new questions but also new opportunities arise. Our review shows that multiple 
actors are involved in different stages and UGS is no longer always a public good. Priorities 
in these circumstances are related to who has a say in UGS decisions and how to ensure 
equal access. Semi-formal approaches to UGS management including polycentric 
governance and user participation can increase the inclusion of normative aspects and create 
a more adaptive process (Brink et al., 2016; Dennis and James, 2016; Nagendra and Ostrom, 
2014). Yet barriers regarding ownership, rules and maintenance may prevent wide 
implementation of polycentric UGS governance (Kremer et al., 2013). Community 
ownership and/or management of UGS can play a very important role in facilitating greater 
environmental stewardship over the longer term (Bendt et al., 2013). A main challenge is for 
cities to explore flexible and adaptive alternatives to UGS governance and find the right 
balance between bottom-up and top-down approaches. Much can be learned from sharing 
best-practices, if accompanied by the above-mentioned improved understanding of context 
conditions. 

A second challenge is to value long-term visions and trade-off their benefits from short-term 
benefits for municipalities in selling UGS for city development. Courageous choices in the 
past have provided us with the most important and iconic city parks and green environments 
in major cities around the world (Scott et al., 2016). High land values and multiple claims 
often prevent cities from making such choices in current times. It is here where the ES 
framework can be of great importance, by making the value of UGS for current and future 
city dwellers explicit. Long-term visions combined with flexible and adaptive governance 
approaches are essential to ensure that future residents can benefit from UGS that promotes 
inclusive, safe, resilient and sustainable cities. 
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Table 5.1 Key triggers and interventions that shape trajectories of change in urban green space 
(UGS), together with the actors and policy instruments involved 
Trajectory Triggers Interventions Actors Policy 

instruments 
Key 
references 

Degradation Industrialization; 
population change; 
lack of stewardship; 
land speculation 

- Municipality; 
private sector 

Spatial planning (Barau et al., 
2015; Haaland 
& Konijnendijk 
van den Bosch, 
2015; 
Vasilevska et 
al., 2014) 

Planning & 
design 

Poor living conditions 
of working class; 
demand for leisure; 
income development 

City planning and 
UGS design; 
provisioning of 
private green space  

Municipality; 
sometimes 
private 
initiatives 

Spatial planning (Fisher, 2015; 
Miller et al., 
2015; Scott et 
al., 2016) 

Revalorization Increased demand for 
water and heat 
regulation e.g. due to 
climate change 
(extreme weather 
events); or for private 
recreation  

Re-design or 
upgrading of 
existing UGS; 
incentives to 
stimulate private 
action 

Municipality; 
private 
landowners 
(yards, 
company 
compounds, 
rooftops) 

Spatial planning; 
subsidies; 
building 
guidelines 

(Connop et al., 
2016; Derkzen 
et al., 2017b; 
Nagendra, 
2016b; Norton 
et al., 2015; 
Richards et al., 
2015) 

Community 
action 

Interest in health; 
local identity and 
education; increased 
stewardship 

Creation of new or 
upgrade of existing 
UGS  

Civil society Temporary 
access to 
municipal land; 
permits; 
subsidies 

(Broto et al., 
2015; Krasny et 
al., 2014; 
Nagendra and 
Ostrom, 2014; 
Rupprecht et 
al., 2015b) 

Restoration Demand for leisure or 
regulating services; 
safety considerations; 
available land 

Creative 
redevelopment; 
spatial planning  

Municipality; 
civil society; 
private sector 

Spatial planning;  

public-private 
partnerships 

(Elmqvist et al., 
2015; Steiner, 
2014; Vollmer 
et al., 2015) 

Urban 
shrinkage & 
re-greening 

Demographic and/or 
economic decline; 
safety issues of 
abandoned land 

Creative 
redevelopment of 
vacant land 

Municipality; 
civil society 

Flexible 
legislation for 
interim use of 
vacant land 

(Colding and 
Barthel, 2013; 
Haase et al., 
2014a; Kremer 
et al., 2013) 
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CHAPTER 6 ■ 

Synthesis 
 

 

 

 

This thesis aims to contribute to an improved understanding of the role of urban green 
space (UGS) to inform planning, design and management using interdisciplinary approaches. 
Based on the knowledge gaps identified in Chapter 1 the thesis addressed the spatial and 
temporal dimensions of the supply and demand for multiple UGS-generated ecosystem 
services, by different user groups and in different contexts. 

This final chapter provides a synthesis of the research findings addressing the three research 
questions: 

1. How do UGS features determine the role of UGS in providing ecosystem services 
bundles over space and to different user groups? 

2. How does societal demand influence the understanding, value and role of UGS? 
3. How do supply and demand for UGS change in time with urban development and 

changing ecosystem service demands? 
 
The first section provides an overview of the different ways in which this thesis contributes 
to answering the research questions. The next section presents directions to guide future 
UGS research by indicating which insights are still missing, including remaining 
methodological issues and open questions. Finally, this chapter addresses how the findings 
are relevant for society, specifically in the context of urban planning and management. 
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REVISITING THE RESEARCH QUESTIONS 
 

1. How do UGS features determine the role of UGS in providing ecosystem 
services bundles over space and to different user groups? 

 
This thesis demonstrates that a number of features influence the role of UGS in providing 
ecosystem services bundles, including both tangible features (Ch. 2.), as well as intangible 
features (Ch. 4). The detailed ecosystem services maps for Rotterdam (Ch. 2) illustrate how 
physical properties like UGS size, type, location and distribution are decisive in determining 
which ecosystem services are provided, how much, and where. Clearly, areal size determines 
the effectiveness of UGS in ecosystem services provision: the more UGS, the more 
ecosystem services provided. Yet the importance of the type of UGS should not be 
underestimated, particularly in the urban context where most UGS is small-scale. A large 
lawn stores more carbon than a small one, but is still less effective than a medium sized 
woodland. When it comes down to moderating traffic noise, however, tall shrubbery is an 
urban planner’s best bet. This links to another important feature: location. For several UGS-
generated ecosystem services their provision depends on the presence of and distance to a 
pollution source, e.g., noise or air pollution. UGS needs to be present within a certain range 
of the pollution source in order to effectively lessen its harmful effects. Trees take up more 
particulate matter when located amidst the exhaust fumes than when behind three lines of 
tall apartment buildings. Finally, the distribution of UGS over the city makes that 
neighborhoods have different characters in terms of ecosystem services offered to their 
residents. The cluster analysis in Ch. 2 reveals how neighborhoods can be characterized 
according to their ecosystem services bundles, providing insight into relatively over- and 
underserved areas. Altogether, the findings, based on detailed biophysical data and spatial 
analysis, help understand how UGS type, location and distribution influence the bundles of 
ecosystem services provided. The number of studies providing supporting evidence about 
the influence of physical features on the role of UGS is growing, though they still suffer 
from limited availability of fine resolution and detailed spatial data (Baró et al., 2016; Kain et 
al., 2016; Kremer et al., 2013). Such insights can support urban planners in deciding which 
UGS to realize where, depending on the local need. 
 
In Ch. 4 we demonstrate, based on a study of Bengaluru’s lakes, that the role of UGS in 
providing ecosystem services bundles is also influenced by intangible features like ownership, 
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management, quality, stewardship and access. Ownership defines whether or not ecosystem 
services provided by UGS are publicly available and for common use, such as the collection 
of fodder and fuelwood but also visits to sacred sites. In parallel similar issues apply to 
Rotterdam; many services were supplied by private gardens. While carbon storage and water 
regulation on private property may have public benefits, access to UGS is required for many 
other services. The case in Bengaluru indicated that management can influence when, for 
whom and in which quantity ecosystem services are available, for instance through regulating 
water supply for the purpose of irrigation. Quality determines whether or not UGS can be 
used, e.g., for provisioning services such as water for drinking, washing and bathing. In the 
case of common property UGS, quality and management are closely related to UGS 
stewardship. Stewardship is a major factor in preserving (or restoring) the state of UGS to 
ensure the provision of ecosystem services for current and future generations, as shown in 
the wider literature (Andersson et al., 2014a; Andersson and Barthel, 2016; Dennis and 
James, 2016; Enqvist et al., 2014; Krasny et al., 2014; Nassauer and Raskin, 2014). The 
Bengaluru case shows how ecosystem stewardship can move from one user group to the 
next, in this case from natural resource-based communities to a group of educated and 
engaged citizens. Finally, issues of access influence the role of UGS. Physical and regulatory 
barriers may limit residents to use the lake surroundings as grazing land, but allow recreation 
in the lake park during opening hours. This leads to questioning the role of UGS for 
different beneficiaries, discussed in the next paragraph. 
 
Although Rotterdam and Bengaluru differ in many ways, the same tangible and intangible 
features influence the role of UGS in terms of user benefits, as can be concluded from Ch. 2, 
3 and 4. Both case study cities face inequity in the distribution of UGS benefits; in Bengaluru 
due to powerlessness, neglect and targeted restoration that leads to exclusion of specific uses 
and users, in Rotterdam due to a spatially imbalanced UGS distribution that leads to green 
versus grey neighborhoods. We use the latter as an example. In Rotterdam, residents in the 
city center are offered less ecosystem services than those living in the urban periphery or 
nearby major parks. This means that they may suffer more from heat stress, noise, air 
pollution and flooding while needing to travel further in search of recreation areas. Of 
course, living in the city center comes with benefits that cannot be found in the periphery, 
especially in terms of cultural life, gastronomy and business climate. This suggests that 
residential choice is inherently a question of trade-offs. But not for everyone: people who 
cannot afford to live in Rotterdam’s green or culturally rich neighborhoods and instead are 
living in areas with relatively few, small, or monotonous UGS are provided a limited number 
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and variety of benefits. Likewise, people with limited ownership, access and stewardship 
over UGS in Bengaluru are exposed to a reduced number of high quality benefits. In both 
cities, it is socioeconomic underprivileged groups for whom UGS features need to be 
improved, also because such groups often lack alternatives (e.g. a private garden to 
compensate for the limited public UGS in Rotterdam’s Tarwewijk, or the financial means to 
buy water for household chores if lake water is too polluted or access restricted at 
Bengaluru’s Vibhutipura Lake). Other cities encounter similar issues of inequitable UGS 
distribution, quality and access that result in disadvantages for marginalized groups (Heckert 
and Rosan, 2016; Li and Liu, 2016; Rigolon, 2016). Yet cities have a responsibility to provide 
healthy, safe and comfortable environments for all residents, throughout the city. The 
findings from this thesis demonstrate how UGS features can contribute to realizing this 
ambition. 
 

2. How does societal demand shape the understanding, value and role of 
UGS? 

 
This thesis demonstrates that the way in which people understand and value UGS is shaped 
by ecosystem services demand, and societal norms, values and overall development. This 
suggests that the role of UGS is a result of the interplay of beliefs and decisions made at the 
level of individuals, households, communities and the wider (global) society. Evidence for 
this conclusion is provided by Ch. 3 and 4. We learn how the role of UGS differs for people 
with different demands in terms of ecosystem services; the roles of Bengaluru’s lakes range 
from serving as a provisioning ecosystem and income source to a recreational refuge that 
doubles as spiritual place. Differences in the demand for ecosystem services stem partly 
from differences in socioeconomic status, also in Rotterdam, where residents of less affluent 
areas suffer more from heat stress and flooding. In Rotterdam, differences in demand are 
also rooted in the current supply of UGS. We found residents from UGS-poor areas to 
prioritize different UGS types, namely recreational designs, than residents from UGS-rich 
areas, who preferred natural designs. This leads to a clear policy recommendation for green 
deprived neighborhoods to direct investment toward greenery that serves recreational 
demands as well as moderates the impacts of climate change. A pitfall however, is the risk 
that regenerating the local UGS profile leads to gentrification and thereby to sustained or 
even increased inequity. Issues of inequity in relation to UGS, including green gentrification 
and power relations, are increasingly acknowledged in literature (Campbell, 2016a; Rutt and 
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Gulsrud, 2016; Wolch et al., 2014). A similar difficulty is the apparent contrast between 
traditional provisioning and modern aesthetic roles of UGS in Bengaluru. Fulfilling the 
demand for novel (multi)functional UGS while ensuring that they do not impact on local 
needs and traditional uses is a major challenge for today’s cities and requires navigating 
potential tradeoffs. 
 
The example of the apparent contrast between traditional and modern roles of UGS in 
Bengaluru (Ch. 4) illustrates how societal norms, values and overall development shape the 
role of UGS. In a rapidly urbanizing city like Bengaluru, public space is to be enjoyed for its 
beauty and comfort. Parks provide walking paths, shade and a view, and are places to meet, 
be seen and be proud of. That is according to the norms of residents and visitors from the 
middle and upper class. For conservationists UGS boasts ecological value that can be 
secured when its role is solely aesthetic. Also in low-income communities norms and values 
guide decision-making. Common examples are the shift to LPG for cooking as fuelwood 
usage is no longer socially accepted, and the increased interest in leisure activities outside 
work and school hours. Societal norms and values shape the role of UGS in such a way that 
households with no or little monetary income become further marginalized. UGS as a 
livelihood supporting source that demands close interaction between people and the 
ecosystem, physical as well as spiritual, is losing ground. Along with the loss of UGS 
dependence come changes in UGS understanding, value and stewardship. Traditional 
ecological knowledge is threatened and modern urban lifestyles have narrowed the role of 
UGS to a mono-functional one. Interestingly, the findings from Ch. 3 and 5 demonstrate 
how compact and sealed cities struggle to reintegrate greenery in the midst of their concrete 
jungles for the sake of dealing with post-modern issues, namely pollution and health, climate 
change, socioeconomic inequality, social cohesion and the call for bottom-up and 
participatory urban governance. Examples of similar struggles are widespread in literature 
(Haaland and Konijnendijk van den Bosch, 2015), e.g., from Bolivia (Wright Wendel et al., 
2012), China (Zhou and Wang, 2011), South Africa (Gwedla and Shackleton, 2015) and the 
US (Campbell, 2016b; Passidomo, 2016). In this picture, one would expect the 
understanding, value and role of UGS to broaden and deepen according to what is 
demanded in society. It is the role of scientists, planners and civil society actors to find out 
about these demands and collaborate amongst each other but also with residents to ensure 
that UGS policies and designs are tailored to local needs. Space for UGS is often limited, 
requiring efficient design that goes beyond design-standards towards a focus on 
(multi)functionality responding to current and anticipated future demands. 
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3. How do supply and demand for UGS change in time with urban 
development and changing ecosystem services demands? 

 
First in history, the post-2015 agenda of the UN Sustainable Development Goals adopted an 
urban goal: ‘Make cities and human settlements inclusive, safe, resilient and sustainable’ (UN, 
2016). Implementation of this goal is for a large part the responsibility of municipalities, civic 
groups and local businesses, as they are the ones designing strategies and initiatives. The 
establishment of the Global Parliament of Mayors is a clear sign of the growing belief that it 
is not nations but cities where effective solutions to the world’s problems sprout (Wamsler 
et al., 2016), and that it is at city level where global cooperation should take place (Global 
Parliament of Mayors, 2016). This thesis demonstrates how UGS knowledge can contribute 
to solutions for global challenges that increasingly manifest themselves as urban crises. The 
case studies show that UGS fulfills different roles for diverse user groups and at different 
locations, stages of urbanization and societal contexts. Supply and demand for UGS change 
according to the needs of cities and their inhabitants. Ch. 5 proposes a simplified model of 
UGS functions in which UGS initially plays a traditional multifunctional role (livelihood 
support) in cities before large-scale urbanization. Then, during urbanization’s high time UGS 
becomes degraded or narrows down to a single, designed function (recreation, climate 
adaptation). Finally, after the peak, UGS is revalorized to serve a novel multifunctional role 
(e.g. community gardening). These transformations are most often reflections of wider 
societal demands and priorities rather than a strategic policy choice or visioning process. 

Urban development and changing ecosystem services demands lead to changes in the role of 
UGS, with different outcomes at different locations. In Bengaluru we witnessed how natural 
resource-based communities feel the pressure of urban development and expansion (Ch. 4). 
Pollution and land use change lead to a situation in which the ecosystem can no longer 
supply what is demanded from it. The demand for livelihood sustaining natural resources is 
overruled by the demand for vacant land and urban expansion, demonstrating how a new 
stage of urbanization can result in a shift of the role of UGS and its beneficiaries. The 
degraded ecosystem can lead to loss of UGS and increased urban infill, compensated by 
private greenery or trips to natural areas for those who have the means. Some lakes become 
completely degraded because no one takes the responsibility to regenerate the ecosystem for 
ecological or social benefits. This process is not different from other cities that witnessed the 
degradation of formerly used UGS and common lands that are now either built over or 
regarded as derelict lands without an official status of being part of the urban green 
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infrastructure (Eduful and Shively, 2015; Narain and Vij, 2016; Sanches and Mesquita 
Pellegrino, 2016). Another or follow-up scenario is that UGS becomes restored to serve new 
functions, which is the case for few of the lakes studied in Ch. 4. At these locations, active 
citizen groups take up UGS stewardship and initiate restoration projects, focusing on 
ecological health and developing an aesthetically pleasing lake park. Lakes become fenced 
and encircled by a raised walking path to ensure that no one enters the water, while neat 
parks with seats and playgrounds open up – though the gate only unlocks at certain hours. 
This illustrates how a change in the role of UGS not only results in different outcomes at 
different locations, but also for different user groups. The Bengaluru case shows that the 
demand for UGS by one group of potential beneficiaries, with access to financial, 
organizational and political power, can shape and alter the role of UGS and thereby 
determine the supply of UGS for another user group, typically the one with limited financial, 
organizational and political power. 
 
While changes in supply and demand for UGS in Bengaluru reflect new demands for 
recreation and aesthetic uses of UGS, changes in Rotterdam reflect new demands for using 
UGS to moderate the impacts of climate change, most notably urban heat and flooding (Ch. 
3). Such novel demands on UGS are not unique, as shown in the wider literature 
(Anguelovski et al., 2014; Brink et al., 2016; Voskamp and Van de Ven, 2014). The quest for 
available space in an already compact city creates a need to think creatively about both 
multifunctional use of the built-up area and multifunctional use of UGS itself. As a result, 
rooftops of public buildings are turned into green locations that capture and filter rainwater 
while cultivating company lunches on weekdays and hosting festivals on summer weekends. 
Another trend that gains attention is the use of vacant land for urban agriculture, guerilla 
gardening and related cultural activities. Such small-scale interventions may not have the 
largest effect on making the city climate proof, but together they provide a substantial buffer 
to moderate peak flow and heat waves which pose the greatest climate risks to cities. More 
importantly, these novel types of UGS provide a range of social and educational benefits 
including community engagement and awareness creation. The findings from Ch. 3 reveal 
that recreation and aesthetics are still perceived as important UGS benefits in Rotterdam, 
and that new greenery should appeal to its users. But the study also tells that people are eager 
to accept an effective climate adaptation measure when they are informed about its cooling 
and flood protection benefits. This suggests that a multifunctional role of UGS can serve 
individual as well as community and societal demands. A flexible and adaptive UGS design, 
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in terms of both physical features as well as institutional arrangements (Ch. 5), is needed to 
enable adjustments to urban challenges and ecosystem services demands of the future. 
 

WAYS FORWARD FOR URBAN GREEN SPACE RESEARCH 
 

In this thesis we addressed spatial and temporal dimensions of the supply and demand for 
multiple UGS-generated ecosystem services, by different user groups and in different 
contexts. Doing so, we tackled several methodological issues and provided insights into our 
research questions. However, at the same time new knowledge gaps emerged that are 
relevant to operationalizing and optimizing the role of UGS in city planning and design. This 
section reviews the methodological advancements and new research directions identified 
based on the analyses in this thesis. 

 

Methodological advancements and challenges 
 

We used a combination of methods to answer the research questions and address the 
knowledge gaps as identified in Ch.1. Fig. 6.1 illustrates how the methods used in the thesis 
chapters combine to address the knowledge gaps, and how they reflect the four dimensions 
of the thesis’ objective: space, time, users, and context.  

Quantification and mapping of ecosystem services as applied in Ch. 2 was useful to assess 
the multiple benefits of UGS and the mapping method also provided insight into local 
environmental equity in terms of ecosystem services distribution. The biophysical methods 
revealed the influence of UGS’ spatial features on ecosystem services delivery at the street, 
neighborhood, district and city scale.  

Sociocultural valuation of ecosystem services as applied in Ch. 3 provided insights into 
residents’ views regarding the multiple benefits of UGS and their expectations and 
preferences for the future. Combined with spatial analysis, based on data and findings from 
Ch. 2, we were also able to assess whether the burden of urban heat and flooding was equally 
felt in areas with varying green cover. So already in two chapters, methods of spatial analysis 
allowed us to assess an additional knowledge gap, namely environmental equity.  
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Methods 

Knowledge gaps 
 

Ch. Geographical 
focus 

Multiple 
benefits 

Temporal 
perspective 

Environ-
mental equity 

Conceptual 
studies 

Quantification      
2 

Mapping       

Sociocultural valuation         
3 

Spatial analysis       

Household survey         
4 

Participatory mapping          

Case study findings          
5 

Literature review          

 

Dimensions 

 Space   Time   Users   Context 

 
Figure 6.1 Overview of the methods used in the thesis chapters (Ch.) and how they combine to 
address the knowledge gaps and reflect the four dimensions of the thesis objective (below, color-
coded) 
 

Also in Ch. 4 a mapping exercise demonstrated its usefulness for revealing equity issues 
related to UGS ownership, access, management and stewardship. Participatory mapping was 
successfully applied to gain insight in contextual factors that influenced ecosystem change 
across time and space, for instance processes of land use change driven by new power 
distributions and not always voluntary shifts in land ownership. The more general insights 
from the participatory mapping exercise were complemented with a user-targeted household 
survey that showed how the multiple benefits changed over time for individual households, 
and how their varying capacity to adapt resulted in increased inequity. With a case study in 
Bengaluru, India Ch. 4 also addresses the geographical knowledge gap in UGS research, 
namely the lack of studies outside Europe, China and the US.  
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The remaining knowledge gap, conceptual studies, is addressed in Ch. 5 which methodology 
combines case study findings from the previous chapters with a literature review. The 
chapter frames shifts in the role of UGS in terms of temporal and contextual dynamics by 
illustrating trajectories of change, e.g., degradation or restoration, that lead to a 
characterization of UGS roles according to the benefits they provide and the user groups 
they serve. Whereas the case study findings provide insights into the spatial and user 
dimensions, the literature review adds temporal and contextual understanding. 

The main methodological advancement made in this thesis concerns the assessment of 
ecosystem services from both a supply and demand perspective. We related ecosystem 
services supply in Ch. 2 to demand in Ch. 3, but experienced difficulties connecting them 
and their respective methods to each other. We used biophysical quantification methods 
(spatial mapping and quantification based on land use data) to assess supply and 
sociocultural valuation methods (preference assessment through household surveys) to 
assess demand. Preferences and supply are not expressed in the same units, even not within 
a comparable framework. Other studies assessed (mis)matches between supply and demand 
using biophysical indicators, e.g., PM10 removal versus concentration rates (Baró et al., 2015) 
but such a biophysical approach is less suitable for intangible ecosystem services (De Vreese 
et al., 2016) or in data-poor environments. Also, it does not necessarily reflect the social 
values embedded in the demand for ecosystem services, nor does it solve the problem that 
demand and supply may exist at different locations. In Ch. 4 we used social science methods 
(participatory mapping) to assess ecosystem services supply, and indirectly also demand. This 
approach turned out successful for our aim, which was to understand local dynamics of 
ecosystem change. Although our participatory maps do not provide accurate spatial 
reference data such as the mapping approach in Ch. 2, they do provide insight in the spatial 
distribution of ecosystem services. Moreover, the mapping process generates in-depth 
information about dynamics that cannot be captured by biophysical methods, such as 
management, access and stewardship subtleties. It moves beyond a static assessment of 
ecosystem services supply and reveals consequences of land use change dynamics for human 
well-being. Other studies mention how participatory approaches generate insight into public 
awareness, foster collaborative management, increase policy legitimacy and encourage 
individual action (Cheung et al., 2016; De Vreese et al., 2016; Fagerholm et al., 2012). Where 
spatial mapping may serve to assess ecosystem services supply and preference studies serve 
to assess ecosystem services demand, participatory mapping may serve to bridge the divide 
and touch on both sides. 
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A second methodological challenge constitutes dealing with scale issues. Scale issues 
originate from three aspects: empirical evidence, data availability, and indicator development. 
On the one hand empirical evidence on ecosystem functioning is often too specific to enable 
generalization at the neighborhood or city scale. On the other hand available data are often 
too coarse for an assessment of ecosystem services within urban contexts (Brown et al., 
2016; Hamstead et al., 2016; Pham et al., 2012) and ecosystem services indicators are more 
advanced on regional and national levels as compared to urban environments (Leh et al., 
2013; Martínez-Harms and Balvanera, 2012; Remme et al., 2014). First, there is a need for 
additional empirical evidence, for instance on local temperature regulation (Baró et al., 2015). 
Like Baró et al. (2015) we encountered difficulties unraveling how far the cooling effect of 
vegetation reaches outside UGS borders. The ecosystem services assessment in Ch. 2 would 
have benefitted from on-site measurements to decrease uncertainties originating from the 
use of estimates from other studies and cities. Second, increased availability of fine scale data 
is direly needed, especially in the urban context where land use is at its most diverse and 
compacted. Wider availability of such data would stimulate more comprehensive multi-city 
assessments (Kabisch et al., 2016a) – valuable sources of policy and planning lessons. In 
Rotterdam we lacked spatial data of UGS types that are relatively new or temporary in place: 
green roofs and facades, urban agriculture plots and community gardens. In Bengaluru 
detailed spatial data of past and present UGS would have improved our assessment, e.g., by 
validating the participatory maps, and would allow us to compare with findings from 
Rotterdam. At the same time, this thesis shows how even the finest spatial and thematic data 
of UGS can still lead to scale mismatches due to the third aspect: indicator development (Ch. 
2). We experienced that the UGS data we worked with, obtained from Rotterdam 
municipality, did not match existing methods for ecosystem services quantification: our data 
were too detailed for the coarse indicators available. Therefore, future UGS and ecosystem 
services research should strive to tackle scale mismatches by furthering empirical evidence, 
data availability and indicator development. Doing so, we also need to keep an eye on better 
matching the ecological scale to the management scale to ensure that scientific insights reach 
the desks of planners and policymakers (Mouchet et al., 2014). 
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Priorities for further research 
 

We have shown how much of which ecosystem services is supplied at which locations (Ch. 
2), and found out which ecosystem services and UGS types are prioritized by which 
residents (Ch. 3). This makes that we can advise cities to really tailor UGS to local needs, and 
consider those needs at block rather than neighborhood level. But we also found that UGS 
planning not necessarily takes everyone’s needs into account, and that the groups least able 
to raise their voice face the risk of becoming further marginalized (Ch. 4). A priority issue for 
further research therefore, is to develop methods and tools that support municipalities to 
ensure equity in UGS access and participation of marginalized groups in developing and 
implementing UGS plans. We have illustrated how UGS in a novel multifunctional role, e.g. 
community gardening, largely relies on polycentric and decentralized governance (Ch. 5). 
Not public entities, but individuals and groups are the ones driving socio-ecological 
innovation (Andersson et al., 2014a; Dennis et al., 2016). They become key actors in 
ecosystem management, just as they are when UGS has a traditional livelihood supporting 
role. Whereas dependence on natural resources traditionally drives environmental 
stewardship, novel civic engagement is driven by lifestyle choices combined with 
socioeconomic and ecological decline. From this follows our second research priority to 
investigate the alternatives to UGS governance and ways to facilitate greater environmental 
stewardship, user participation and collaborative management. Bottom-up governance and 
local action fit in the current view that policymaking needs to be transparent and 
participatory in order to lead to sustainable development (Zoeteman et al., 2015). Yet much 
is unknown regarding the capabilities that are required from citizens to participate in UGS 
planning (Rutt and Gulsrud, 2016), and whether there are limits to the role of cities in 
providing local solutions for global problems. Third, we have shown that residents are 
generally aware of climate risks but lack a comprehensive understanding of the potential role 
of UGS in harnessing cities for climate change impacts (Ch, 3). We have also shown how 
municipalities can increase support for investments in ecosystem-based adaptation by 
informing residents about the effectiveness of such measures. However, for operationalizing 
ecosystem-based adaptation we need more insight into triggers that can stimulate individual 
action on private land (e.g. installing a green roof or rain garden) since the available public 
space in which municipalities can operate is limited. For the same reason, we propose to 
prioritize research into UGS design, legislation and institutional frameworks that ensures a 
flexible function adaptive to future circumstances. Such adaptive UGS design should co-
evolve with changes in society, climatic as well as socioeconomic and cultural. 
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‘Make cities and human settlements inclusive, safe, resilient and sustainable’ 
 

The new urban Sustainable Development Goal ‘Make cities and human settlements inclusive, safe, 
resilient and sustainable’ is fundamental for urban development worldwide, yet also all other 
Sustainable Development Goals surface in urban areas. Urban areas are core to the 
competition for and degradation of natural resources, but also offer large opportunities to 
improve livelihoods and make people benefit from services. More than centralized 
institutions, urban areas offer pragmatic solutions to environmental and socioeconomic 
problems. In this thesis we have shown that science provides methods to help studying the 
spatial and temporal dimensions of supply and demand for UGS and their respective 
ecosystem services. Such findings should empower both citizens and institutions to take up 
the challenge to shape these dynamic environments and make best use of the possibilities 
UGS is offering to improve livelihoods and adapt to the current, but also the future needs of 
urban societies. This may require going against trends of urban infill, and it definitely 
requires making choices, both by institutions, but also by citizens, to enhance the quality of 
life for all people living in cities. 
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