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Abstract: People-environment interactions within Nature-based Solutions (NBS) are not always un- 37 

derstood. This has implications for communicating the benefits of NBS, and how we plan cities. We 38 

present a framework which highlights a duality in NBS. The NBS as an asset includes both natural 39 

capital and human-centred capital including organisational structures. NBS also exist as a system, 40 

within which people are able to interact. Temporal and spatial scales moderate the benefits that NBS 41 

provide, which in turn are dependent on the scale at which social processes operate. Co-production 42 

and equity are central to the interactions among people and institutions in the design, use and man- 43 

agement of NBS, and this requires clear communication. Drawing on ideas from Culture Based De- 44 

velopment, we suggest an approach to communicate benefits of NBS in a neutral but effective way. 45 

We propose guidelines for planning NBS which allow optimisation of NBS location and design for 46 

particular outcomes. 47 
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1. Introduction 51 

In a rapidly changing world, our cities face numerous pressures which adversely af- 52 

fect the quality of life for urban citizens. These include thermal stress, poor air quality, 53 

risk of flooding, excess noise, all of which can have direct and indirect impacts on human 54 

health and mortality [1-5]. There are technical solutions to many of these challenges, but 55 

technical solutions are often single-focus, expensive and may have unintended conse- 56 

quences. A more sustainable approach to reducing such urban challenges is to make in- 57 

creased use of nature-based solutions in cities, since these are multi-functional and offer a 58 

wide array of co-benefits [6, 7]. They are also usually cheaper to implement than technical 59 

solutions [8]. 60 

Nature-based solutions (NBS) have a clear definition “Nature-based solutions are ac- 61 

tions to protect, sustainably manage and restore natural and modified ecosystems in ways 62 

that address societal challenges effectively and adaptively, to provide both human well- 63 

being and biodiversity benefits” [9]. However, there are still limitations in what people 64 

understand an NBS to be, and in the way NBS activities are implemented. In particular, 65 

there is frequent misunderstanding of the role of people in NBS, and a lack of understand- 66 

ing of how the spatial interdependencies of NBS and their surroundings help shape the 67 

functions and benefits they provide.  68 

The role of people in environmental systems is traditionally seen as linear/cyclic, ei- 69 

ther as recipients of benefits from the environment at the end of a suite of processes, 70 

and/or as managers of the environment [10]. The strongly linear interpretation of a se- 71 

quence of environmental components and processes leading to human benefits is in part 72 

a result of early conceptualisations such as the Cascade model [11], which was initially 73 

developed as a framework to help make sense of the role of biodiversity within the con- 74 

cepts underpinning ecosystem services. This linearity is reinforced by many economic ap- 75 

proaches to quantifying ecosystem services, such as the Final Ecosystem Goods and Ser- 76 

vices model of Nahlik et al. [12], which identifies a point of hand-over of the ecological 77 

production function to the economic production function, allowing attribution of eco- 78 

nomic value to environmental components. Later, more holistic frameworks have sought 79 

to describe these roles within a social-ecological system bounding box [13, 14], although 80 

this is often rather imprecisely articulated. In such frameworks, the interactions of humans 81 

within the system tend to be restricted to feedback loops rather than recognition that hu- 82 

mans are an integral part of the whole [15]. However, there is increasing impetus to spec- 83 

ify multiple roles of people, where they are integrated within the system, necessary to 84 

create the ecosystem services which lead to societal benefits, as well as being gover- 85 

nors/managers of the system and lastly with humans as users/receivers of benefits pro- 86 

vided by the system [16, 17]. A recognition that people are an integral part of natural sys- 87 

tems is particularly important in cities where >50% of the population live globally, rising 88 

to more than 90 % urbanised population in some countries (e.g. Belgium, The Nether- 89 

lands, Argentina, Japan) [18]. It is also important to recognized that within cities, natural 90 

spaces are almost always modified, managed, or even fully created by humans. While the 91 

conceptualisation of people and nature in cities is constantly evolving [19], recognising 92 

the central role of people as part of the system is an important step towards changing the 93 

perspective on how to manage NBS. 94 

Somewhat surprisingly, the role and definition of natural elements in cities also con- 95 

tains gaps. The first commonly used term, Green Infrastructure (GI), is defined as the “in- 96 

terconnected network of natural and semi-natural areas, features and green spaces that 97 

support native species, maintain natural ecological processes in rural and urban areas, 98 

and contribute to the health and quality of life for human beings” [20]. This definition 99 

specifically includes ideas of connectivity & position within a landscape setting. The con- 100 

cept of GI has further been expanded to include green and blue infrastructure, with recog- 101 

nition that blue features are under-studied in this context [21]. More recently the concept 102 

of GI has been somewhat enveloped by nature-based solutions (NBS), defined above, 103 

where the definition moves beyond that of GI with the distinction that NBS are created or 104 
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managed for a purpose, which explicitly incorporates biodiversity, and benefits for peo- 105 

ple. In all of these conceptual definitions, a gap emerges - it is hard to find a widely ac- 106 

cepted generic term for the basic units of green and blue semi-natural spaces in cities. 107 

Some authors use the terms green space or blue space, particularly in the health literature 108 

[22, 23], but perhaps at their core these spaces can be considered elements of natural cap- 109 

ital, (or hybrid capital if we think of constructed features combining grey, green and blue 110 

elements). The idea of different forms of natural and human capitals can help better un- 111 

derstand and attribute the role of people in the highly complex inter-connected social- 112 

ecological system that constitutes a city [16, 17]. 113 

The public perception of NBS also has a bearing on how the benefits of NBS are com- 114 

municated, both to policy makers and the public. The rationale for creating new NBS or 115 

changing current city lay outs or functions can be highly contentious [24], because people 116 

are resistant to change. The public debates around new greenspace or changing infrastruc- 117 

ture or transport systems are often highly polarised between those seeking an environ- 118 

mental or social benefit (for the greater good), and those that see a restriction to individual 119 

freedoms, particularly their own [25]. Here, new theories in economics, such as culture 120 

based development (CBD) [26, 27] can perhaps help with framing of benefits in a more 121 

neutral way. 122 

There is therefore a need for a clearer understanding of how the human elements 123 

(built structures, people) and the natural elements (soil, water, plants, insects, animals,  124 

the processes which interlink them) within cities all interact to provide the functions for 125 

which we manage NBS. This is critical to designing more liveable cities for the future. It 126 

requires a different way of thinking about what constitutes NBS, and how best to design 127 

them or plan their locations to deliver benefit, which in turn can improve the sustainability 128 

of our cities using NBS to address multiple societal needs.  129 

The objective of this paper is therefore to introduce and develop a conceptualisation 130 

of NBS, which at its core represents those complex interactions between natural compo- 131 

nents and people which are essential to providing ecosystem services. We present a frame- 132 

work which describes NBS in an urban context, acknowledging the contribution of natural 133 

capital and other forms of capital to NBS, and the interactions with people which deliver 134 

the ecosystem services and resulting wellbeing benefits in cities, and allow us to better 135 

plan and manage more sustainable cities for the future, taking account of spatial context. 136 

The paper is structured as follows. Section 2 describes the scoping of the framework. Sec- 137 

tion 3 describes the development of the conceptual framework and its application in an 138 

urban setting. Section 4 builds on these ideas to discuss the implications of how applying 139 

the framework might change the way we plan and design NBS in cities in the future. Sec- 140 

tion 5 concludes the article. 141 

2. Conceptualisation of the framework 142 

The conceptual framework was developed through a series of discussions among a 143 

multi-disciplinary team of researchers from natural science, humanities and social science, 144 

NGOs, city and Municipality officials and NBS practitioners from Europe and China. The 145 

framework was designed firstly to represent the following elements, which were identi- 146 

fied as important in complex urban systems, and secondly to be a tool which enables 147 

transformative thinking: 148 

• Integration of people and nature 149 

• Multi-functionality of NBS 150 

• Scale (spatial and temporal aspects)  151 

• Quality of NBS 152 

• Co-production  153 

• Incorporating pressures and drivers 154 

• Governance and urban policy-making 155 

• Education and learning 156 

• The role of public and private interventions to create, manage or improve NBS 157 
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 158 

A number of system frameworks were considered to guide this process. These in- 159 

cluded named frameworks such as eDPSEEA, DPSIR/ES, MAES, EKLIPSE and the human 160 

ecosystem framework [13, 14, 28] [29, 30]. While the aim was to build on these as much as 161 

possible, they typically lack emphasis on some aspects which are particularly important 162 

in an urban context. Key limitations include the linear/circular nature of the vast majority 163 

of existing frameworks, which show people as end-users or receivers of a linear (or circu- 164 

lar) sequence of processes, rather than as active participants in shaping and forming the 165 

service and benefit. Note, Pickett [29] is an exception here. In other words, co-production, 166 

and the dynamic nature of benefit, are inadequately addressed in most existing frame- 167 

works. A second aspect, which is particularly relevant to urban settings is that most NBS 168 

in cities is actually a complex mix of built infrastructure and natural components. For ex- 169 

ample, a green wall contains plants which are housed within a sophisticated built infra- 170 

structure, which comprises artificial cells containing soil for rooting, a physical framework 171 

to support the plants while they spread, and an irrigation system to provide water and 172 

nutrients. The natural capital here is almost entirely dependent on the built infrastructure 173 

for its survival. Towards the other end of the spectrum for urban NBS, a large wooded 174 

park appears more natural but still has human input in the form of planting and mainte- 175 

nance of trees and lawns, and built infrastructure (such as surfaced paths, benches, cafes 176 

and toilet facilities) which inherently contributes to the potential of the park to provide 177 

multiple benefits, including social interaction and recreation [31-33]. Therefore any frame- 178 

work needs to adequately recognise this combination of natural features and human ele- 179 

ments. 180 

 181 

3. Description of the framework 182 

The framework (Figure 1) builds on insights from a number of studies. Its core ele- 183 

ments are based on an existing framework which strongly emphasises co-production, and 184 

which explicitly recognises combinations of natural and human-centred capital [16, 30]. 185 

These forms of capital should not be interpreted in an economic context i.e. where an eco- 186 

nomic value must be attached, rather as the core building blocks which make up social- 187 

ecological systems. Natural capital includes components linked to geology, soils (pedol- 188 

ogy), water, biodiversity and atmosphere. Human-centred capital encompasses (i) built 189 

capital (also sometimes called produced capital) like buildings or drainage infrastructure, 190 

(ii) human capital which is the embodied capital in people as well as the knowledge and 191 

skills they hold, (iii) social capital such as social networks, connections and mutually rec- 192 

ognized practices, forms of governance, (iv) cultural capital which covers peoples’ value 193 

systems, perceptions, norms, identity, world views and beliefs and (v) financial capital. 194 

More extensive definitions and examples of these forms of capital can be found in Jones 195 

et al. [30].  196 

The framework has been broadened to place the mechanisms by which ecosystem 197 

services and benefits are generated (Figure 1) into the wider context of urban settings (Fig- 198 

ure 2). These include some of the pressures faced in urban areas, together with an under- 199 

standing of where use of NBS allows a more sustainable approach to improving the live- 200 

ability of cities. These actions or interventions range from ones which are more nature- 201 

focused to ones which are more people-focused. We discuss below how the key compo- 202 

nents are represented in this framework. This separates NBS as an asset (or entity) and 203 

NBS as a system. The NBS asset is the bio-physical and social structures which make up 204 

an NBS, and has the potential to provide ecosystem services to people. The NBS system 205 

includes the myriad daily interactions of people with the asset which result in benefits to 206 

society, as well as the higher-level governance structures which manage it. 207 

 208 
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  209 

Figure 1. Conceptual framework for delivery of benefits by NBS in urban settings, adapted from 210 
Jones et al. [30]. 211 

 212 

3.1. NBS as an asset 213 

Cities are a complex mix of built and natural capital. NBS in cities will all contain 214 

both natural and human capital in varying amounts. The left hand side of the diagram in 215 

Figure 1 therefore represents the NBS asset, with its mix of combined natural and human- 216 

centred capital, which together determine its potential for use and interaction. Taking an 217 

urban park as an example, the natural capital elements within the park include the geol- 218 

ogy and topography (geological), the soil (pedological), biodiversity (flowers, trees, insect 219 

and animal species) (biological), water features (and their water quality) (hydrological) as 220 

well as the weather (atmospheric), and their interactions [34-36]. All of these make up the 221 

natural capital features of the space. These are complemented by the human-centred 222 

forms of capital, also embedded within the park, and are extremely important in defining 223 

how much service that park can provide to users [32]. This includes built capital elements, 224 

such as buildings, benches, trash bins, sealed paths which increase the user experience 225 

and accessibility and, if positive, lead to greater public use [37, 38]. It also includes other 226 

forms of human-centred capital, which help maintain or govern the park: financial capital 227 

which pays for maintenance of the park, human capital in the form of the gardeners who 228 

do that maintenance, social capital in the form of the capacity of institutions and govern- 229 

ance mechanisms for the park, and cultural capital, which includes the public perceptions 230 

or image associated with the park. This combination of natural and human-centred capital 231 

defines the potential of the park to provide a range of benefits to society. This can also be 232 

seen as a precondition or ‘what is there’ from the outset. 233 

 234 

3.2. Types of users/beneficiaries 235 

The box on the right side of Figure 1 represents beneficiaries. These encompass all 236 

the people who may use the NBS, for whatever purpose, recognizing that they will have 237 

different needs or patterns of use of the NBS. Here we define different ‘types’ of benefi- 238 

ciaries as a way of recognizing that different users will have a range of requirements, 239 

which can guide decision-making on how a particular NBS should be designed or 240 
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managed. For example, are they socio-economically deprived, vulnerable (which may in- 241 

clude children, elderly, disabled people, or other marginalised members of society), or do 242 

they live in particular areas of the city which increase their exposure to pressures such as 243 

noise or air pollution [39]. Visitors to parks tend to use them in different ways, and for 244 

different visit durations depending on whether they are local or have come from further 245 

away [40]. Motivations may also differ according to the type of beneficiary, for example 246 

Home et al. [41] found that younger residents visiting NBS wanted to escape and reflect, 247 

while older residents were seeking social contact. The social ties, place attachment, and 248 

civic participation of NBS users also determine how they interact with that space, and 249 

consequently the benefits they receive [42]. All these different dimensions of beneficiaries’ 250 

needs and desires will influence how NBS interventions can be designed, implemented 251 

and managed to improve access to benefits and well-being, and to minimise negative im- 252 

pacts. 253 

 254 

3.3. NBS as a system - interaction between people and nature 255 

The framework recognises that the benefit only happens from the combination of 256 

potential for an ecosystem service to occur and the activated demand for it among users 257 

(when the two arrows meet in the middle). The ‘realised’ ecosystem service and the ben- 258 

efits are defined solely through the interaction of people with the NBS asset. 259 

The nature of the interaction between people and the environment in this context can 260 

take different forms: Intentional, indirect and incidental. These definitions expand on 261 

those in Keniger et al. [43]. Intentional use might involve going to a park to relax after 262 

work, walking your dog in the park, or meeting family and friends there. Examples of 263 

indirect use include trees in the park removing CO2 from the atmosphere, reducing the 264 

risk of flooding, or reducing the air pollution concentrations that you experience, and so 265 

the park contributes indirectly to your health and wellbeing. Another example of indirect 266 

use would be seeing a park through a window or viewing images of a park online. Inci- 267 

dental use might occur where you travel past the park on your normal route to work and 268 

this exposure to greenspace contributes to your wellbeing. The framework also recognises 269 

that interactions of people with the NBS are likely to result in multiple benefits or co- 270 

benefits, and potentially also some dis-benefits such as exposure to biting insects [44]. 271 

 272 

 273 

3.4. Drivers/pressures, actions & interventions 274 

Drivers and pressures influence the combined NBS social-ecological system, and 275 

for convenience we refer to them collectively as pressures. The pressures listed in Figure 276 

2 are not exhaustive, but cover some of the main challenges which affect quality of life 277 

for city-dwellers, and where there is scope for NBS to provide part of a more sustainable 278 

solution. They include increased population growth leading to growth and change in 279 

city extent, form and density as well as increased demand for ecosystem services [45]. 280 

They also include pressures linked to air, water and climate, as well as social factors 281 

such as increases in social inequity, and the breakdown and loss of cohesion of urban 282 

neighbourhoods, health and wellbeing [46]. Loss of biodiversity is framed as a pressure 283 

here, in the same context as poor air or water quality or increased risk from flooding, but 284 

these could alternatively be seen as an impact of the pressures, and therefore an emer- 285 

gent property of impacts on the city system. 286 

The actions and interventions are human management responses and levers to cre- 287 

ate a positive change in the system. Specifically, they are interventions which have a 288 

bearing on the use of NBS as a more sustainable part of the solution, in place of purely 289 

technical solutions which tend not to be multi-functional. Our novel framework shows 290 
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that there are three different leverage points on the system: interventions can focus on i) 291 

the biophysical components of the NBS (creating species-rich grassland on road verges, 292 

planting trees near a school for educational purposes), ii) on the built capital compo- 293 

nents of the NBS (toilets in a park, a cycle path along a canal, managing public space 294 

next to the sea [47]), iii) but also on the perceptions that beneficiaries have about the 295 

park, or on the governance of the system to increase the use, or desirability of an NBS in 296 

the mind of beneficiaries. The framework makes clear that both pressures and actions 297 

can operate on any part of the system. In reality, although pressures tend to operate at 298 

the city-scale, there are often hot-spots where particular pressures are greatest [48]. 299 

Meanwhile, interventions tend to be undertaken at the neighbourhood scale, for a host 300 

of reasons including cost, availability of suitable locations, and tractability of implement- 301 

ing solutions. 302 

 303 

Figure 2. Conceptual framework showing how NBS actions can deliver solutions in response to 304 
pressures. 305 

 306 

3.5. Wider social and economic components - governance, business and education 307 

At a level above the day-to-day interactions which deliver benefit are the higher-level 308 

governance and administrative systems which influence the NBS. These social and insti- 309 

tutional structures, conceptual systems, information flows and interactions are also spe- 310 

cific forms of human-centred capital. Thus, governance is incorporated within policy in- 311 

stitutions central to the decisions on, management and design of NBS [49], and is consid- 312 

ered a component of social capital. Meanwhile, business can provide financial capital but 313 

can also innovate and provide input to the design, management and creation of new NBS 314 

by bringing together human capital in the form of knowledge as well as social capital 315 

through institutions or networks set up to create or manage novel NBS [50].  316 

Education can feature in many ways. Teaching is a form of interaction itself designed 317 

to transfer human capital in the form of knowledge, but can also make intentional, indirect 318 

and incidental use of the awareness and educational benefits provided by NBS as part of 319 

the teaching process [51].  320 

These elements in the framework operate across multiple scales, and are relevant to 321 

management of an individual NBS asset such as an urban river, a street tree or a roadside 322 

verge, as well as the larger urban system. 323 

3.6. Co-production 324 
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In our framework co-production is central to the interactions among people and in- 325 

stitutions that take place around the design and management of NBS. Co-production is a 326 

participatory policy-making and/or planning process in which people, as citizens, com- 327 

munities and/or users, not only are consulted but are offered a role as genuine participants 328 

in the whole process, from exploratory reflections, conception of the issue, decision mak- 329 

ing, design of potential solutions, implementation and evaluation [52]. This may be driven 330 

and motivated by people’s place attachment and cultural identity [53], linking citizens to 331 

the local cultural context where NBS are developed. Thus, in the diagram co-production 332 

encompasses those interactions among people, governance institutions, financing agen- 333 

cies and those who are end users in order to address these urban challenges. Ultimately, 334 

this should result in better quality NBS which meet the ongoing needs of urban dwellers, 335 

biodiversity and which are a more sustainable approach to reducing the adverse impact 336 

of urban challenges than technical solutions alone [54]. 337 

3.7. Quality 338 

The quality of the NBS encapsulates this complete package of natural and human 339 

elements, and how well it provides a suite of benefits. ‘Quality’ is a complex issue, and 340 

the attributes that determine quality may be different for each type of ecosystem service 341 

that is provided, or for different types of NBS users. For example, woodland that provides 342 

the greatest noise mitigation will have closely planted trunks and will need to be greater 343 

than a minimum width [55], but this may not support the highest biodiversity or the best 344 

opportunity for recreation or education. Better quality should be understood as the best- 345 

fitting NBS for a range of requirements, encompassing wider societal and environmental 346 

needs as well as local ones. 347 

3.8. Spatial considerations in NBS planning 348 

The above conceptual approach illustrates high-level principles that can help design 349 

and manage NBS better. There are also more practical considerations which recognise the 350 

complex human-nature interactions that make up the NBS system, and can help under- 351 

stand the spatial requirements around scale, location, and domains of influence. 352 

Scale is relevant for a number of reasons. In some cases there are effectively threshold 353 

effects where an NBS can only deliver a service when it is above a certain size (noise mit- 354 

igation by woodland typically requires a tree belt thicker than 10m [1, 55], or where the 355 

amount of service provided scales with area – the larger the woodland, the greater the 356 

amount of air pollution it can remove [56], or the amount of carbon it can store. For other 357 

ecosystem services, such as providing opportunities for recreation or supporting wellbe- 358 

ing, scale may be important, but not as critical. As long as the accessible greenspace is of 359 

a certain size (the WHO recommendation is 1 hectare [57], the additional benefits for rec- 360 

reation or wellbeing may depend more on the quality and attributes of the green space 361 

[34], rather than how large it is.   362 

Building on ideas of both scale and location, the spatial domain of influence is im- 363 

portant in multiple dimensions. These can be summarised as ‘sheds’, drawing on ideas of 364 

watersheds [58, 59]. Environmental pressures have their own spatial domain, ranging 365 

from global or hemispheric for some air pollution components, to highly localised for 366 

some sources of noise pollution. NBS also have a zone of influence unique to each ecosys- 367 

tem service they provide. For example, they reduce flood risk or improve water quality to 368 

certain distances downstream. In addition to their air shed, watershed, biodiversity shed, 369 

each NBS has a people shed, which defines the spatial area over which people have an 370 

interaction with that space (whether intentional, indirect or incidental, according to our 371 

framework). The characteristics of the beneficiaries within that people shed and the type 372 

of interactions they have with the NBS is incredibly important to designing a multi-func- 373 

tional space [6]. For example, if the majority of the population within the people shed of 374 

a planned new NBS are elderly, then design of that space might give higher priority to 375 
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infrastructure such as wide flat paths, toilet facilities and benches rather than children’s 376 

play equipment. The type of likely users of the NBS may also have a bearing on how the 377 

more natural areas are planned and designed. 378 

 379 

 380 

3.9. Holistic framing 381 

Overall, this allows a more flexible and less constrained understanding of what con- 382 

stitutes NBS. Previous definitions have taken a very biophysical definition of NBS (what 383 

it is), or functional definition (what it does) [60]. Here we define the NBS system to incor- 384 

porate its full physical structure (including built capital), but also the human interactions, 385 

public perceptions and governance structures which enable it. In this way, a functioning 386 

NBS, which truly provides benefits means not only that the bio-physical structures are in 387 

place, but also that people are able to interact with or use it. Underpinning the framework 388 

is a recognition of the complexity of scaling effects. Temporal and spatial scales can mod- 389 

erate or influence the benefits that NBS provide, and those benefits may be dependent on 390 

the scale at which different ecological and social processes operate [61]. 391 

3.10. Understanding NBS within an economic theory perspective 392 

The combination of natural and human-centred capital is termed in economics as en- 393 

dogeneity of the ecological public good [62]. We highlight here through the NBS frame- 394 

work that this endogenous interaction is what generates and ultimately defines the final 395 

potential of the public good (e.g. a park, a roadside verge, a cemetery) to provide a range 396 

of benefits to society.  397 

Taking a step back, the inherent tensions in some of the public’s reaction to greening 398 

initiatives in cities can be explained through economic theory. Public goods are seen as 399 

difficult to manage as they are shared in ownership that exists on the aggregate level 400 

among society. A problem with welfare policy and its corresponding maintenance of pub- 401 

lic goods is the philosophical stand that the policy maker and politician know the best 402 

way to manage public goods, which can be seen as paternalistic, and limit individual free- 403 

doms (even if is in the greater good). Contrasting with this is the libertarian idea that eve- 404 

ryone should be free to desire, and obtain according to one’s desires, as long as no harm 405 

is conveyed to others by doing so [63].  406 

A key point here is how one defines harm. Where harm is defined in a cultural con- 407 

text, there is scope for different definitions of harm. Namely, people who are supporters 408 

of the green idea will define harm as something bad to the environment. Yet, for individ- 409 

uals who deny the existence of global warming etc., the limitation of their freedoms for 410 

the use of the public good based on global warming concerns will be considered harm to 411 

their freedom. Thus any definition of harm from one perspective may be seen as paternal- 412 

istic by those with different views. 413 

We suggest that a value-free analysis of values, as suggested by Culture-Based De- 414 

velopment (CBD) [26], is a possible solution in principle to this ‘culture-defined’ harm. 415 

CBD suggests that instead of asking if a factor is good or bad from a particular perspective, 416 

harm can be centred around a definition that is ‘nature-based’. For instance, one may ask 417 

if a policy action will increase or decrease a certain outcome. Thus, instead of culturally 418 

labelling a policy intervention as good or bad, a value-free objective assessment can es- 419 

tablish whether an intervention will increase or will decrease the positive spillovers in the 420 

system. Objective information can empower people to overcome their own ideological 421 

constraints, and may decrease polarization in perspectives [64]. 422 

The CBD paradigm focuses on culture as a source of bias in individual and group 423 

decision making. Essentially, CBD states that due to possessing different cultural capital, 424 

people as individuals, or as managers and policy-makers, are always making human cul- 425 

turally-biased decisions. The cultural rationale of people differs systematically according 426 
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to their cultural capital, which not only underpins their identity and the structure of the 427 

system they operate in, but also defines the costs and benefits from the socio-economic 428 

systems that they will value and that will be socially facilitated to access. CBD calls this 429 

the cultural endogeneity of the economic system. 430 

In our NBS framework, Figure 1 shows that all the human elements (in yellow) relate 431 

directly via cultural capital or indirectly through other forms of human capital to deter- 432 

mine values and behaviour of both beneficiaries and of managers of the resource [65, 66]. 433 

Thus, the cultural capital of those designing and implementing NBS has clear potential to 434 

influence how it is designed and ultimately can lead to a very different set of intentional, 435 

direct and indirect interactions emerging. This might drastically limit benefits for some 436 

sectors of society. 437 

 438 

4. How we manage cities, now and in the future 439 

4.1. Current implementation of NBS 440 

We detail four case studies from towns and cities of different size, to explore how green- 441 

ing schemes are typically implemented in different countries, as a prelude to discussing 442 

how our framework might influence planning and design of NBS into the future. These 443 

case studies were selected for two reasons: The authors of this study are involved with, 444 

or work closely with, the city authorities and so have insights which cannot be obtained 445 

simply by searching published or grey literature. They also give perspectives across cit- 446 

ies of different size, climate and cultural contexts. 447 

 448 

4.1.1. Case study 1 – Rhyl, UK. 449 

Rhyl is a small coastal town in Wales, population 27,000, with some pockets of severe 450 

deprivation and tree-cover well below the Wales average. The local authority (Denbigh- 451 

shire County Council) has instigated a programme of tree planting and wildflower 452 

meadow creation in the town. The net zero and more ecologically positive 2030 goals in- 453 

clude increasing the tree canopy cover and species richness of council owned and/or man- 454 

aged land, whilst also creating improved spaces for the community and wellbeing. Poten- 455 

tial locations for the planting schemes were identified based on a combination of available 456 

suitable land (existing parks with sparse tree cover, and roadside grass-verges) and areas 457 

with relatively low tree cover in residential areas. Locations were selected primarily by 458 

visual assessment on GIS or town plans, rather than a formal structured assessment of 459 

maximum potential benefit. Some locations are in relatively wealthy neighbourhoods 460 

while others are in less affluent areas. Consultation with residents occurs before each lo- 461 

cation is improved, and includes information provided by letters to residents nearby and 462 

information online. The community, including local schools, are encouraged to get in- 463 

volved with the tree planting and further volunteer and educational opportunities are 464 

planned at these sites after each scheme has been completed to enhance engagement. 465 

 466 

4.1.2. Case study 2 – Aarhus, Denmark. 467 

Aarhus is the second largest city in Denmark, with a population of 291,000. The City 468 

of Aarhus has adopted a Policy on ‘Nature and Green Surroundings In Aarhus (A 469 

GREENER AARHUS)’, which addresses how to maintain and improve Aarhus as a good 470 

quality city for everyone, able to cope with future high rainfall intensity events, and with 471 

living room for people and nature, while aiming for CO2 neutrality by 2030. Public green 472 

areas will be preserved and enhanced to offer easy access and a variety of experiences for 473 

all residents. All new urban development areas will contribute to a greener Aarhus with 474 

space for trees and water. In peri-urban landscapes, outdoor life will be incorporated from 475 

the start, with green connections to forests, water and natural areas. Trees on publicly 476 

owned land will be preserved as far as possible, with 10,000 additional urban trees already 477 
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planted in the period 2017- 2025. New nature areas are being created on formerly arable 478 

land. By 2030 the municipality has a target of 8,000 hectares of forest and 4,000 hectares of 479 

nature land (17% and 8.5% of the total area respectively). New forests are designed as 480 

multi-functional, to help safeguard groundwater resources and water quality, store CO2, 481 

support biodiversity and offer recreational opportunities. In choosing locations for imple- 482 

menting initiatives multiple factors are assessed to identify areas with simultaneous po- 483 

tentials for e.g. storing carbon, supporting biodiversity, and temporary retention of sur- 484 

face water. Prior to greening-projects local Residents' Councils, NGOs and interested citi- 485 

zens are invited to contribute with ideas and knowledge about local conditions. When 486 

relevant, participatory processes include debates and workshops, where initiatives are 487 

discussed, evaluated and in some instances co-created. 488 

 489 

4.1.3. Case study 3 – Xiamen, China. 490 

Xiamen, population 4.3 million, is located on the southeast coast of China, with a 491 

coastline of 194 km and vast coastal wetlands. But for a long time, there has been a lack of 492 

effective management, and the coastal wetlands have severely degraded. A programme 493 

of coastal restoration was initiated by Local Government in the 1990s to improve the bio- 494 

diversity of coastal wetlands and the quality of life of the surrounding communities. In 495 

2005, the Xiamen Municipal Government, in consultation with ecological experts, initiated 496 

experimental planting of 5 ha of mangrove forest in Xiatanwei Bay, scaled up to an addi- 497 

tional 44 ha in 2013 and a further 36 ha by 2020. This was supplemented by rearing and 498 

release of 13 marine species such as fish, shellfish, shrimp and polychaete. The Xiaweitan 499 

Mangrove Park has become a demonstration model for carbon neutrality and forestry in 500 

China and abroad, with two- to three-fold increase in numbers and biomass of target spe- 501 

cies. There is now a coastal leisure and sightseeing zone, a marine ecological recreation 502 

area, and a marine ecological science popularization area, allowing citizens to fully expe- 503 

rience the coastal ecology. Xiamen holds the first education base on the theme of "blue 504 

carbon", becoming a platform for practical education in primary and secondary schools. 505 

During the planning and the design process, the designs of the park were open to the 506 

public as part of the stakeholder engagement.  507 

 508 

4.1.4. Case study 4 – Beijing, China. 509 

Beijing is the capital city of the People’s Republic of China, with a population of 22 510 

million. The metropolis has a chronic water shortage problem, and one important source 511 

is the Guangting Reservoir. However, the Guanting Reservoir Watershed (roughly 280 512 

km2) has faced serious water quality issues due to soil erosion caused by quarries, water 513 

pollution from agriculture and domestic wastes, and degradation of riparian ecosystems. 514 

In this peri-urban NBS case study, the municipal government collaborated with the Heibei 515 

Province to initiate a restoration project in 2016 with the aim of safeguarding the water 516 

security of Beijing through the holistic management of ecosystems in the Guanting Reser- 517 

voir Watershed [67]. Actions taken include closing 30 quarries and restoring vegetation of 518 

128 mining sites, reconstructing 33.3 ha of wetland ponds, planting 667 ha of grass and 519 

over 60 ha of trees/shrubs at the west bank of the reservoir, creating a buffer zone 30-100 520 

m around the reservoir, restoring the river habitat connectivity and natural patterns, and 521 

converting 6,667 ha of croplands to vineyards. Actions were also taken to create micro- 522 

habitats for wildlife. The project has led to significant improvement of water quality, bet- 523 

ter biodiversity conservation, and increased supply of ecosystem services, as well as in- 524 

creased income to farmers from grape production and eco-tourism. A working group was 525 

set up to develop and implement the restoration plan. The Ministry of Water Resource is 526 

responsible for coordinating actions among stakeholders, including governments at vari- 527 

ous levels, private companies, and local farmers. The general public were invited to com- 528 

ment on the draft of plan. After its approval, the plan has been carried out following a 529 

“Government and market cooperation” model, where an investment company has been 530 
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formed to manage the public and private investments to the program and the implemen- 531 

tation.  532 

 533 

4.2. How might we manage NBS in cities in future 534 

The case study examples give a flavour of what is typically done, for four different 535 

contexts. They don’t necessarily reflect current best practice. They mostly reflect a top- 536 

down approach to the selection of location and type of NBS intervention, with varying 537 

degrees of consultation on the final design and implementation. The procedures taken 538 

within cities on how to prioritise locations for NBS interventions are rarely articulated. 539 

This may simply be because such process is rarely recorded and discussed, and/or because 540 

many larger scale interventions are opportunistic – e.g. there is an existing obsolete infra- 541 

structure or city location which needs re-development, so the location is pre-determined. 542 

However, there is considerable scope for more strategic planning and design taking on 543 

board the framework proposed here, where cities have more strategic objectives, such as 544 

to plant 10,000 street trees (Aarhus) but no formal approach on how to identify locations 545 

and implement the action. 546 

Using the approaches outlined in this paper, future planning could make use of the 547 

following steps for sustainable NBS design and implementation (Figure 3): 548 

1) With stakeholders, assess the nature of the problem. Assess the main challenges 549 

and who they affect, and the spatial scale at which they operate. This can be very localised 550 

for e.g. noise pollution, or much larger scale for heatwaves. This step takes into account 551 

the people who require a solution, i.e. it factors in both pressure & demand [68]. 552 

2) Identify the type of NBS intervention which is most useful and likely locations, 553 

depending on the nature of the problem. This step should take account of the following 554 

issues: thresholds - is there a minimum size or extent of NBS required, scales - over what 555 

distance or spatial area is the NBS needed [61], and spatial context - whether benefits are 556 

manifest in a different location to that where the intervention takes place e.g. for flooding 557 

[69, 70]. Delineating the environment sheds, and the people shed served by each interven- 558 

tion can help identify locations and types of stakeholders directly and indirectly affected 559 

by (or benefiting from) the scheme. Together with information on the pressures & a pri- 560 

ority list of primary and secondary outcomes required, this helps inform the next step of 561 

designing the NBS. 562 

3) Design the NBS in consultation with the full range of identified stakeholders. This 563 

process should be guided by CBD theory on how to frame the discussion & solicit input 564 

to the process – allowing genuine co-production which helps avoid many pitfalls, even in 565 

front-runner cities [71]. This process can help design the NBS to serve both the primary 566 

purpose, but also to ensure multifunctionality to achieve a wider range of co-benefits. The 567 

co-production will bring in perspectives from a full range of users & facilitate finer ele- 568 

ments of the design process, e.g. how to design play areas that are inclusive and avoid 569 

design elements that inhibit full participation by particular groups, e.g. design for teenag- 570 

ers or excluded members of society [72]. It also allows design of elements to fulfil another 571 

key criterion for NBS - to improve biodiversity, by creating a range of structural diversity, 572 

and zoning activities to allow less disturbed areas for wildlife to flourish. Design of the 573 

NBS should also consider the functions and people sheds of other NBS nearby in the wider 574 

urban landscape to ensure a broad set of functions is provided across the city. 575 

4) Communication – although this is listed last, it underpins the entire process. Learn- 576 

ing from economic theory can help improve how to communicate aims and share under- 577 

standing among participants in the decision-making process. Understanding the cultural 578 

values framings of those involved in NBS design and implementation, as well as of the 579 

beneficiaries, can ensure a smoother route to communicating benefits in a neutral way 580 

which does not impose a world-view and allows decision making to be fairer, with a view 581 

to achieving a better outcome for city residents. 582 

 583 
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Figure 3. Decision steps and actions in planning and design of NBS to address urban challenges. 586 

 587 

Following these steps would allow a more future-looking approach to NBS design 588 

and implementation, which crucially takes account of spatial context, which is often the 589 

least-considered aspect of NBS – how much service they provide in which locations, and 590 

to which residents. We recognize that implementation may be difficult since this requires 591 

co-ordination and dialogue across municipal departments and with multiple stakehold- 592 

ers. These implementation challenges may differ with the scale of the project. Very large 593 

projects, are likely to have sufficient budget to facilitate such dialogue and data gathering, 594 

but may have too much momentum to genuinely take consultation on board. By contrast, 595 

very small projects which are largely community driven may be rich in stakeholder in- 596 

volvement, but lack resources or the data-gathering to inform strategic planning. The chal- 597 

lenge is how to bring these approaches to bear the design of NBS at all scales.  598 

5. Conclusions 599 

In this study, we move the thinking on NBS forward to better understand the roles 600 

of people and nature in an urban setting. We propose an enhanced framework which dif- 601 

ferentiates between two dimensions of NBS. NBS as an entity, which is defined by the 602 

natural and the human-centred capital components, which collectively determine its po- 603 

tential to provide benefit to society. The wider NBS system then encompasses the interac- 604 

tions with people which generate the ecosystem services and the benefits, as well as the 605 

higher-level governance and management structures which condition how NBS are man- 606 

aged. This framework combines a detailed understanding of the components of natural 607 

and human-centred capital which underlie the environment-people interactions, and sets 608 

it within the world of decision-making and day-to-day decisions on how to make maxi- 609 

mum use of NBS in addressing urban pressures. 610 

Procedures to design, manage and monitor NBS are extensively documented in the 611 

literature, see for example [73, 74]. However, the perspectives presented here bring a fresh 612 

insight to the way we should think about urban NBS in the future. In particular, this in- 613 

cludes considering the spatial domains (or ‘sheds’) of the pressures, the ecosystem ser- 614 

vices, and the people who are the beneficiaries. This spatial context helps understand de- 615 

pendencies between pressure, demand and the resulting service provided by the NBS. For 616 

example, the spatial requirements of an NBS which needs to provide a quiet space where 617 

people can get away from road noise will be different from a space that is designed to 618 
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provide substantial cooling on hot days to a park and to neighbouring parts of the city, or 619 

which is designed to block movement of air pollutants into a green space. Fully integrat- 620 

ing all three spatial elements is necessary to designing the most effective NBS.  621 

Lastly, bringing insights from economic theory can effectively shape the way benefits 622 

are communicated both to decision makers and the public. This should make the decision- 623 

making process smoother, and help ensure decisions are made which benefit those who 624 

need it most, while minimising disbenefits or missed opportunities for others. The case 625 

studies outlined in this paper show how current practice still has room for improvement 626 

to make use of these insights. Testing the application of the framework in urban NBS plan- 627 

ning and implementation will be an important next step. Collecting data on the human- 628 

centred capital elements in order to understand the needs and desires of beneficiaries is a 629 

particular challenge of this type of framework. However, there is increasing recognition 630 

of the affordances that NBS can provide to potential users [33], and ways to improve those 631 

interactions. This necessitates an understanding of those user-needs but also the barriers 632 

and enablers which influence their use of NBS, which in turn will allow better design and 633 

management of these spaces. New ways to capture information on these human capital 634 

elements in a way that generates transferable knowledge which can be applied in similar 635 

settings would be particularly valuable. 636 
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