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23 Abstract

24 Nature-based Solutions (NbS) are increasingly promoted as essential instruments for urban 

25 climate adaptation, biodiversity recovery, and sustainable development. Yet their implementation 

26 remains slow and insufficiently monitored. Frameworks, including standards, guidelines, tools, 

27 and indicator sets, are meant to bridge the gap between NbS ambition and practice, but it is 

28 unclear how comprehensively they support cities across the full range of operational tasks. We 

29 conducted a structured qualitative content analysis, with dual-reviewer coding, of 30 NbS 

30 frameworks relevant to urban contexts. Each framework was assessed across six operational 

31 dimensions: baseline assessment and ecological performance; planning and design; 

32 implementation; financing and funding mechanisms; monitoring and evaluation; and impacts and 
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33 co-benefits. We also evaluated the presence of practical “how-to” guidance and classified each 

34 framework into one of four functional archetypes: Integrator, Designer, Financier, or Monitor. 

35 Results revealed a structural imbalance: approximately two-thirds of frameworks provided 

36 guidance on baseline assessment and planning, while only 36.7% addressed implementation, the 

37 lowest of any dimension. Gaps in operational guidance, financing, and monitoring co-occurred 

38 systematically, consistent with shared structural causes rooted in disciplinary biases. Only five 

39 frameworks achieved consistently high coverage across all functional dimensions. The archetype 

40 typology offers practitioners a navigation tool for assembling complementary resources matched 

41 to their functional dimensions and governance context. Policy implications include requiring 

42 comprehensive planning that addresses both diagnostic and delivery dimensions as a condition of 

43 NbS funding. These also include embedding comprehensive monitoring and verification 

44 requirements and investing in cross-disciplinary institutional capacity to support scaled 

45 implementation.

46 Keywords: urban planning; urban resilience; implementation frameworks; monitoring and 

47 evaluation; framework assessment; policy integration

48 1. Introduction

49 Urban areas are at the center of global sustainability transitions. By 2050, nearly 70% of the 

50 world’s population will reside in cities, placing growing stress on ecosystems, infrastructure, and 

51 public health [1]. As climate change accelerates the frequency and severity of urban heat events, 

52 flooding, and ecological degradation, Nature-based Solutions (NbS) have emerged as 

53 interventions capable of simultaneously addressing environmental, social, and economic 
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54 challenges. NbS can contribute to urban resilience by mitigating flood risk and heat waves [2,3], 

55 enhancing biodiversity [4], and strengthening social well-being and cohesion [5].  

56 The relevance of NbS has been further reinforced by their formal integration into major 

57 international policy frameworks, including the EU Nature Restoration Law, the IPCC Sixth 

58 Assessment Report, and the Kunming–Montreal Global Biodiversity Framework [6]. This 

59 mainstreaming signals a movement beyond conservation-centered perspectives toward viewing 

60 NbS as essential instruments for climate adaptation, biodiversity recovery, and sustainable 

61 development [7,8]. However, NbS uptake has highlighted a growing disconnection between 

62 conceptual ambitions and operational implementation, particularly in urban contexts where land-

63 use conflicts, equity considerations, and competing planning priorities are most acute [9,10]. 

64 Despite widespread ambition and enthusiasm, the implementation of urban NbS remains slow, 

65 inconsistent, and insufficiently monitored [8,11]. This persistent "implementation gap" 

66 underscores the need for coherent approaches that address the full range of operational 

67 dimensions required to move NbS from concept to delivery, including its planning, financing, 

68 governance, and evaluation.

69 Frameworks for NbS, whether standards, guidelines, tools, or indicator sets, play a central role in 

70 bridging this implementation gap [12]. They provide a structured foundation for linking 

71 ecological processes to planning and policy decisions, aiding effectiveness, equitability and 

72 accountability in NbS interventions. Frameworks set common terminology and criteria, 

73 facilitating comparability across projects and preventing ambiguity or misinterpretation of the 

74 NbS concept, including risks of greenwashing or maladaptation [13,14]. They support informed 

75 decision-making by clarifying trade-offs, cost–benefit relationships, and the suitability of 

76 different interventions across distinct spatial scales and urban contexts [15]. Critically, urban 
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77 NbS require collaboration among diverse actors, including planners, engineers, architects, 

78 ecologists, economists, community groups, and local governments. Frameworks can help 

79 reconcile these different actors, knowledge systems and institutional cultures, offering shared 

80 guidance for co-design, implementation, and long-term stewardship [9].

81 However, the support that frameworks and tools provide is markedly uneven across the 

82 operational dimensions of NbS practice. For scoping and problem characterization, practitioners 

83 can draw on well-established approaches such as the IUCN Global Standard for NbS [15], the 

84 EKLIPSE framework [16], and structured planning methods [8], alongside ecosystem service 

85 and co-benefit assessment tools such as InVEST [17] and ESTIMAP [18]. Coverage thins 

86 considerably for construction and early-establishment of NbS, where guidance on quality 

87 assurance, baseline data collection, and performance benchmarking is critical for informing long-

88 term monitoring and operation [19]. Gaps deepen further at the monitoring and adaptive 

89 management phases, where feedback from ecological outcomes should inform iterative design 

90 improvements and replication decisions, yet few tools are explicitly structured to link monitoring 

91 outputs to management triggers or investment decisions [20,21]. NbS research more broadly 

92 tends to focus on design rather than the quantification of performance, particularly in relation to 

93 climate adaptation outcomes [22].

94 These gaps carry consequences that extend far beyond project-level performance. Monitoring 

95 practices for NbS remain fragmented, with standards and indicators varying across carbon, 

96 biodiversity, and ecosystem service domains [23]. A systematic map of 252 studies on coastal 

97 NbS found that long-term performance was rarely evaluated, that most studies spanned fewer 

98 than five years, and that social and economic metrics were rarely included [24], a pattern 

99 consistent with the broader literature on NbS monitoring deficits. At the same time, cities are 
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100 increasingly expected to report NbS outcomes in climate adaptation plans, national climate 

101 commitments, biodiversity strategies, and SDG reporting [25]. This requires interoperable 

102 metrics that translate ecosystem extent, condition, and service flows into policy-relevant terms, 

103 which ecosystem accounting standards such as the SEEA-EA are designed to provide [26]. 

104 Disclosure frameworks such as the Taskforce on Nature-related Financial Disclosures (TNFD) 

105 are also creating demand for nature-related data comparable to climate-related metrics [27,28]. 

106 Without such evidence, the long-term performance and societal benefits of NbS remain difficult 

107 to demonstrate, undermining investor confidence and constraining the prospects for scaling.

108 Monitoring is not the only dimension where guidance falls short. Financing urban NbS requires 

109 navigating complex arrangements across public budgets, private investment, and innovative 

110 mechanisms such as blended finance and green bonds, yet few frameworks provide actionable 

111 guidance on how to structure, access, or sequence these instruments [29]. Similarly, the 

112 transition from design to physical implementation, involving procurement, construction 

113 management, institutional coordination, and stakeholder engagement during execution, remains 

114 one of the least systematically addressed aspects of NbS practice. Annual NbS investment must 

115 rise to an estimated USD 674 billion by 2050 to meet combined global climate, biodiversity, and 

116 land-restoration targets [30], yet many existing frameworks offer limited operational guidance on 

117 financing mechanisms or implementation pathways, leaving practitioners without the tools 

118 needed to mobilize capital at that scale [31].

119 Despite the proliferation of NbS frameworks over the past decade, guidance remains fragmented 

120 and inconsistently evaluated. Existing frameworks differ widely in purpose, structure, and scope, 

121 ranging from high-level verification standards such as the IUCN Global Standard to operational 

122 design guidelines, ecosystem service assessment tools, and monitoring indicator sets. While this 
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123 diversity offers contextual flexibility, it also generates confusion for practitioners who must 

124 navigate overlapping, incomplete, or mutually inconsistent guidance. Prior reviews have 

125 examined specific subsets of this literature, such as principles for designing NbS impact 

126 evaluation frameworks [32], urban co-benefit assessment approaches [16], and the integration of 

127 green infrastructure, ecosystem services, and NbS concepts [33], but to date no study has 

128 systematically compared the full spectrum of frameworks with an explicit focus on their 

129 applicability to urban implementation contexts. Critically, there remains limited understanding of 

130 how these frameworks translate into practice, what tools they recommend and for which aspects, 

131 and where the most consequential gaps persist for decision-making, governance, and monitoring. 

132 This paper examines how well the existing guidance landscape equips cities to close this 

133 implementation gap. We present a comprehensive structured assessment of NbS frameworks, 

134 with a specific focus on urban implementation across the full range of operational dimensions. 

135 We synthesize and compare existing NbS frameworks, examining their application scale, target 

136 audience and coverage across operational dimensions (e.g., design and planning, financing, 

137 monitoring & evaluation); identify areas of convergence, divergence, and missing guidance, with 

138 particular attention to the balance between diagnostic dimensions (baseline assessment, planning 

139 and design) and delivery dimensions (implementation, financing, monitoring and evaluation); 

140 and propose pathways for strengthening coherence, accountability, and effectiveness across NbS 

141 frameworks, supporting their integration into urban planning, policy, investment, and monitoring 

142 systems at scale.

143 By synthesizing insights across standards, guidelines, tools, and indicator sets, this study offers a 

144 consolidated analytical foundation for advancing the next generation of urban NbS frameworks, 
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145 one that addresses the full spectrum of operational dimensions, is evidence-grounded, and 

146 calibrated to the governance and accountability demands of contemporary urban NbS practice.

147 2. Methods 

148 2.1 Framework identification and selection

149 For the purposes of this study, a framework was defined as a structured and systematic 

150 architecture designed to guide the planning, implementation, evaluation, or governance of NbS 

151 (adapted from Wickenberg et al. [12]). Frameworks were distinguished from standalone tools by 

152 their broader conceptual coherence and integrative scope. Whereas individual tools typically 

153 address a discrete analytical function, frameworks consolidate multiple components, such as 

154 guiding principles, indicators, lifecycle guidance, decision-support elements, and governance or 

155 financing considerations, within a unified structure intended to standardize practice, enable 

156 replication, and support cross-case comparison.

157 Frameworks were identified through a review of both peer-reviewed and grey literature, 

158 complemented by snowballing (following references cited in documents and suggestions from 

159 regional experts in land use planning, urban ecology, and NbS governance). We also performed 

160 targeted searches of resources produced by international organizations, academic institutions, 

161 urban and regional planning bodies, multilateral agencies, development banks, city networks, 

162 and non-governmental organizations. The search strategy was designed to ensure broad 

163 representation of the ways in which NbS are currently conceptualized, operationalized, and 

164 evaluated across governance levels and geographic contexts. The review included conceptual and 

165 operational frameworks, standards, guidance documents, indicator sets, policy instruments, and 

166 decision-support platforms relevant to the planning, implementation, financing, monitoring, and 
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167 evaluation of NbS. Documented case studies were also screened to identify frameworks applied 

168 in practice across diverse socio-ecological and institutional settings.

169 Document identification followed a structured inventory approach, not a systematic literature 

170 review. The search spanned peer-reviewed and grey literature, multiple institutional types, and 

171 diverse geographic contexts. Inclusion criteria required that a document: (i) explicitly address 

172 NbS or closely related concepts such as Natural Solutions (the role of protected areas in 

173 combating climate change), Ecosystem-based Adaptation (EbA), Ecosystem-based Disaster Risk 

174 Reduction (EcoDRR), Green Infrastructure (for economic growth and investments, in the urban 

175 context), Natural Infrastructure (for sustainable Integrated Water Resource Management), and 

176 Holistic or Regenerative Landscape management [34]; (ii) provide structured guidance, criteria, 

177 indicators, or procedural steps; and (iii) be applicable to planning, implementation, evaluation, 

178 governance, or financing.  

179 All documents meeting the three inclusion criteria were retained, without additional filtering. 

180 Both research-driven and practitioner-oriented frameworks were included to ensure 

181 representation of scientific, policy, and implementation perspectives. While exhaustive coverage 

182 of every NbS-relevant document was neither feasible nor the goal, the search strategy was 

183 constructed to capture the range of frameworks currently shaping practice. 

184 2.2. Analytical Approach

185 Each framework, regardless of format (e.g., standard, guidance document, or indicator set), was 

186 treated as a single unit of analysis. Identified frameworks were distributed among the coding 

187 team such that each framework was independently assessed by two reviewers. Reviewers were 

188 assigned frameworks to balance workload while ensuring that no framework was evaluated by a 
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189 single coder. Following independent assessment, all coding was compared across reviewer pairs. 

190 Where discrepancies arose, these were brought to the full coding team for discussion, and final 

191 codes were determined by consensus. This deliberative approach was preferred over a statistical 

192 reliability metric because the coding protocol combined categorical judgments with interpretive 

193 assessments of guidance quality, where disagreements often reflected genuine ambiguity in the 

194 source material rather than coder error, making consensus-based resolution more appropriate 

195 than reconciliation through numerical thresholds. 

196 2.3. Coding Protocol 

197 A standardized coding protocol was developed to compare document characteristics, conceptual 

198 framing, and operational guidance across documents (S1 Table). Using this protocol, a structured 

199 qualitative content analysis was conducted to identify areas of convergence, divergence, and 

200 omission, synthesized as key findings. The analysis followed a predefined protocol that 

201 combined closed-ended categorical coding with qualitative synthesis.

202 2.3.1. Institutional Origin and NbS conceptualization

203 For each framework, we recorded the authoring or publishing entities, such as multilateral and 

204 United Nations (UN) bodies, development banks, national governments, city networks, NGOs, 

205 academic institutions, EU-funded consortia, and other multi-stakeholder initiatives (e.g., 

206 CityAdapt, SELVAR). Stated objectives were extracted verbatim and used as the primary 

207 analytical anchor. Subsequent evaluation of scope, emphasis, and limitations was grounded in 

208 these explicitly articulated purposes rather than inferred interpretations. Definitions of NbS were 

209 extracted and systematically compared with the IUCN definition to assess conceptual alignment 
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210 or divergence. The embedded conceptual framing such as resilience, biodiversity, climate 

211 adaptation, or urban planning, was documented.

212 2.3.2. Spatial scale and target audience

213 Spatial and governance scales explicitly identified in each framework, such as building, 

214 neighborhood, city, regional, national and global, were recorded. Where scale was not addressed, 

215 it was coded as “not specified”. The presence of NbS typologies was documented, including 

216 whether frameworks categorized interventions by ecosystem type, hazard type, or functional 

217 mechanism.

218 Urban relevance was assessed using a three-point categorical scale. Frameworks were coded as 

219 Low when urban contexts were referenced only superficially or implicitly; Medium when urban 

220 applications were explicitly addressed through examples or guidance; and High when the 

221 framework was intentionally designed for urban settings or when urban NbS constituted a central 

222 focus. Classification was based exclusively on the stated scope, framing, and illustrative content 

223 of each document.

224 Target audiences were coded as explicitly stated by the authors; where inferred, this was clearly 

225 noted. Audiences were subsequently grouped into three clusters: (i) policy and norm-setting 

226 actors; (ii) municipal and practitioner-oriented actors; and (iii) knowledge and evidence 

227 providers. Geographic applicability was recorded based solely on the stated scope of each 

228 framework.

229 2.3.3 Practical guidance across operational dimensions of NbS
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230 Each framework was evaluated across six operational dimensions of NbS: (i) baseline 

231 assessment and ecological performance; (ii) planning and design; (iii) implementation; (iv) 

232 financing and funding mechanisms; (v) monitoring and evaluation; and (vi) impacts and co-

233 benefits. These dimensions draw on established project cycle frameworks [35] but are framed as 

234 operational domains rather than sequential phases, reflecting the reality that activities, such as 

235 financing, monitoring, and stakeholder engagement, operate concurrently and iteratively 

236 throughout the project [36]. The frameworks were also reviewed on another dimension: whether 

237 they provide additional “how to” guidance on the practical application of the framework. This 

238 approach echoes the work of Sarabi et al. [9], who classified key enablers into financial, 

239 institutional, and knowledge-based dimensions.

240 Each framework was coded using a three-point scale across all six operational dimensions and 

241 the “how to” dimension: Yes when structured methods or explicit guidance were provided; 

242 Limited when structured methods or explicit guidance were mentioned without sufficient 

243 methodological detail; and No when structured methods or explicit guidance were not 

244 substantively addressed. To characterize the overall directional orientation of each framework, 

245 two composite scores (Diagnosis Strength and Delivery Strength) were derived from the 

246 dimension-level ratings and used to position frameworks along a diagnostic–delivery continuum 

247 (S1 Fig and S2 Table). 

248 2.4 Framework archetype classification

249 Following this process, the frameworks were clustered according to similarities and differences 

250 leading to the identification of four archetypes: Integrator, Designer, Financier, and Monitor 

251 (the archetypes typology is considered part of the findings, so the characteristics of each 
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252 archetype are explained in the results section). Classification followed explicit decision rules 

253 based on the dimension-level ratings. Integrators required overall “how-to” guidance and 

254 comprehensive (Yes/High) guidance on at least four of the six dimensions, including Financing. 

255 Financiers required comprehensive guidance on Financing but not on Planning and Design or 

256 Implementation. Designers required comprehensive guidance on both Baseline Assessment and 

257 Planning and Design but not on Financing. Monitors required comprehensive guidance on both 

258 Monitoring and Evaluation and Impacts and Co-benefits but not on Financing. Frameworks 

259 meeting none of these criteria were retained as Unclassified, and frameworks meeting the criteria 

260 for both the Designer and Monitor archetypes (n = 3) were assigned according to the primary 

261 purpose stated in their objectives. Thus, we ensured that classification reflects primary 

262 specialization rather than overall comprehensiveness. The four-archetype typology was 

263 developed inductively from the results of the analysis of the frameworks and scoring. In addition, 

264 the inductively generated archetype typology was compared to hierarchical clustering and 

265 showed substantial agreement (Adjusted Rand Index = 0.69; S2 Fig; [37]). 

266 The rationale of the inductive archetypes rests on three key considerations. First, the six 

267 operational dimensions were grouped into two functional clusters: diagnostic dimensions are 

268 concerned with understanding the problem and designing the solution (Baseline and Ecological 

269 Performance; Planning and Design), and delivery dimensions are concerned with delivery, 

270 accountability, and resource mobilization (Implementation; Financing and Funding; Monitoring 

271 and Evaluation; Impacts and Co-benefits). Second, within the delivery cluster, Financing and 

272 M&E represent distinct practitioner functions, with the former addressing capital mobilization 

273 and financial structuring and the latter addressing performance measurement and adaptive 

274 management, and were therefore treated as separate specialization dimensions. Third, the 
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275 diagnostic dimensions operate as a coherent functional unit, drawing on a shared body of 

276 ecological, spatial, and planning methods that are distinct from the competencies required in 

277 delivery dimensions. An overview of the analysis process, including the dimensions, archetypes 

278 and key findings is illustrated in Fig 1. The 4 archetypes and the key findings are further 

279 examined in the following section.

280 3. Results 

281 Our analysis identified 30 NbS frameworks, revealing substantial variation in scope, structure, 

282 and operational emphasis. The findings reveal that frameworks continue to be characterized by 

283 incomplete coverage across one or more of the six operational dimensions and limited provision 

284 of practical guidance for local governments and practitioners. While the frameworks vary 

285 considerably in terms of urban relevance, application scale, and target audiences (further 

286 discussed in section 3.1), they revealed an emphasis on geographic specificity, a tendency 

287 towards thematic narrowness, and an overall lack of guidance on specific dimensions (Fig 1). 

288 Additional information on how these characteristics overlapped across the various frameworks is 

289 presented in S3 Table. 

290 The results are presented in two sub-sections: section 3.1 presents the spatial and governance 

291 scales addressed by frameworks and section 3.2 explains the Archetypes and how they reflect 

292 coverage across operational dimensions of NbS. Together, these findings provide an overview of 

293 the current landscape of NbS frameworks highlighting differences in thematic coverage, 

294 decision-support functions, and level of operational guidance.
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295 Fig 1. Overview of the analytical process. Frameworks were evaluated across six operational 

296 dimensions and overall “how to” guidance, leading to four emerging archetypes and six key 

297 findings.

298  3.1. Spatial and Governance Scale 

299 The scale of application for which frameworks provide guidance varied considerably across the 

300 30 documents reviewed. The city scale was the most frequently addressed, appearing in 27 

301 frameworks (90%), followed by the regional (14 frameworks, 47%) and neighborhood scales (13 

302 frameworks, 43%). Coverage diminishes sharply at both ends of the spatial spectrum: building-

303 level guidance appeared in only 5 frameworks (17%), and only 2 frameworks (7%) explicitly 

304 addressed the global scale (Fig 2A). Regarding intended audience, 29 of the 30 frameworks 

305 (97%) target local governments. Policymakers and practitioners are also common targets of the 

306 frameworks, each addressed by 27 frameworks (90%). Private entities and national governments 

307 appear less frequently, referenced in 16 (53%) and 15 (50%) of the frameworks, respectively 

308 (Fig 2B). 

309 Fig 2. Spatial scale of application and target audiences of the reviewed NbS frameworks. 

310 (A) Spatial scales at which each framework provides guidance. (B) Target audiences explicitly 

311 identified by each framework. Dark green cells indicate that a scale or audience is addressed; 

312 light blue cells indicate that it is not. The Scope column indicates each framework’s geographic 

313 focus. 

314 3.2. Archetypes reflecting coverage across the operational dimensions
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315 The review of 30 frameworks reveals considerable variation in how thoroughly current 

316 guidelines and standards support the adoption of NbS across cities. Coverage across the six 

317 operational dimensions and overall "how-to" guidance differed substantially (Fig 3). Impacts and 

318 Co-benefits was the most consistently covered dimension, with 21 frameworks (70.0%) 

319 providing Yes/High guidance, and only 4 (13.3%) offering Limited/Medium and 5 (16.7%) 

320 No/Low coverage. Among the two diagnostic dimensions, Baseline and Ecological Performance 

321 and Planning and Design of Solutions, coverage was also relatively strong, with 19 (63.3%) and 

322 18 frameworks (60.0%) respectively providing Yes/High guidance. Both dimensions showed 

323 modest No/Low counts (2 and 3 frameworks, respectively), suggesting that most frameworks 

324 adequately support stakeholders in assessing ecological conditions and selecting appropriate NbS 

325 types prior to implementation. Coverage drops for implementation, financing, and monitoring 

326 and evaluation. Implementation of Solutions was the weakest of all six dimensions, with only 11 

327 frameworks (36.7%) rated Yes/High, 13 (43.3%) rated Limited/Medium, and 6 (20.0%) rated 

328 No/Low, the highest Limited/Medium count of any dimension, signaling widespread 

329 fragmentation in implementation guidance rather than outright absence. Financing and Funding 

330 Mechanisms and Monitoring and Evaluation (M&E) showed only marginally higher coverage, 

331 with 14 (46.7%) and 13 (43.3%) frameworks providing Yes/High guidance, respectively. 

332 Notably, No/Low counts were highest for M&E (8 frameworks, 26.7%) and Financing (6 

333 frameworks, 20.0%), reflecting that a substantial proportion of frameworks entirely omit 

334 guidance on long-term financial sustainability and performance tracking. Overall “how-to” 

335 guidance was provided by 21 frameworks (70.0%), was limited in 5 (16.7%) and absent in 4 

336 (13.3%). Only five frameworks were rated Yes/High on all six dimensions; the remaining 25 

337 provided limited or no guidance on at least one dimension.
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338 Fig 3. Comprehensiveness of guidance across operational dimensions. Number of 

339 frameworks (n = 30) rated Yes/High, Limited/Medium, or No/Low for each of the six 

340 operational dimensions and for overall “how-to” guidance.

341 The distribution of coverage across operational dimensions and the presence of 'how-to' 

342 guidelines further revealed four archetypes (Integrators, Designers, Financiers, Monitors), 

343 reflecting different priorities, governance approaches, and spatial scales.

344 Integrators demonstrate both breadth and depth, combining comprehensive guidance on 

345 diagnostic and delivery dimensions. A framework was classified as an Integrator if overall 

346 “how-to” guidance was present and at least four of the six dimensions were represented through 

347 comprehensive guidance, including Financing, the delivery dimension that most clearly 

348 separated comprehensive from specialized frameworks. This group includes 9 frameworks 

349 developed by different stakeholders, ranging from the IUCN Global Standard for NbS and 

350 national or regional frameworks such as the ADB’s to outputs of funded research projects, such 

351 as the Connecting Nature Framework.

352 Designers specialize in the diagnostic aspects of the NbS operational dimensions, providing 

353 guidance on baseline assessment, ecological design, and planning, with limited support for 

354 financing, implementation, and monitoring. Five frameworks were grouped under the Designer 

355 archetype due to their emphasis on offering guidelines to assess ecological conditions and on 

356 providing support for the preparations before the implementation of an urban NbS. These 

357 frameworks provided comprehensive advice on both the Baseline Assessment and Ecological 

358 Performance and the Planning and Design dimensions, but were limited in terms of Financing 

359 guidelines, being classified as Limited or below in this dimension.
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360 Financiers specialize in the economic dimensions of NbS, including funding sources, investment 

361 instruments, and cost-benefit analysis. While only four frameworks were grouped under this 

362 archetype, the focus on the financial aspects of NbS makes this a unique type of document. 

363 Developed by organizations, such as the United Nations Environment Programme (UNEP) and 

364 ICLEI - Local Governments for Sustainability, these frameworks offered comprehensive 

365 guidance on Financing but limited or no guidance on the Planning and Design and 

366 Implementation dimensions.

367 Monitors specialize in performance measurement, impact evaluation, indicator development, and 

368 adaptive management. Led by various stakeholders representing government and practice, the 

369 frameworks under this archetype are particularly relevant for the study of NbS in the long term, 

370 allowing for the examination of their benefits, informing adaptive management and providing 

371 lessons to improve future practices. The six frameworks classified as Monitors, however, reveal 

372 that debates about financing NbS are still detached from discussions about monitoring and 

373 evaluation of their benefits since they provided valuable guidance on both Impacts and Co-

374 benefits and the Monitoring and Evaluation dimensions, while none was rated Yes/High on 

375 Financing.

376 Frameworks meeting the criteria for both the Integrator and one of the specialized groups 

377 (Designers, Financiers or Monitors) were assigned to the Integrator category, reflecting that 

378 Integrators may include specialized depth in one or more dimensions while still demonstrating 

379 overall breadth. 

380 Six frameworks did not share sufficient characteristics with any archetype to justify a distinct 

381 additional category and are therefore retained as Unclassified. This group includes both 
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382 advocacy-oriented documents that do not intend to provide direct operational guidance (such as 

383 the Playbook for Urban Biodiversity, [38]) and frameworks with highly uneven coverage profiles 

384 across dimensions. The complete list of frameworks and their assigned archetypes is presented in 

385 Table 1.

386 Table 1. Complete list of frameworks and their assigned archetype reflecting coverage across six 
387 operational dimensions: (i) baseline assessment and ecological performance (BA); (ii) planning 
388 and design (PD); (iii) implementation (IM); (iv) financing and funding mechanisms (FF); (v) 
389 monitoring and evaluation (ME); and (vi) impacts and co-benefits (IC); and “How-to”. Y = 
390 Yes/High, L = Limited/Medium, N = No/Low

Operational Dimensions

NbS Framework

Diagnostic Delivery

Name Organization BA PD IM FF ME IC

How 
to

Integrator Archetype

ADB: Practitioner's Guide [39] Asian Development 
Bank (ADB)  Y Y Y Y L Y Y

Connecting Nature Framework 
[40]

Connecting Nature 
Framework  - EU 
Horizon 2020

 Y Y Y Y Y Y Y

GBC: Principles for NbS [41] UK Green Building 
Council (GBC)  Y Y L Y Y Y Y

IUCN Global Standards for NbS 
[15]

International Union 
for Conservation of 
Nature (IUCN)

 Y Y Y Y Y Y Y
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Operational Dimensions

NbS Framework

Diagnostic Delivery

Name Organization BA PD IM FF ME IC

How 
to

NbS for Climate Resilient Cities
[42]

United Nations 
Environment 
Program (UNEP)

 Y Y Y Y Y Y Y

ROAM [43] IUCN  Y Y L Y N Y Y

ThinkNature NbS Handbook [44]
European Union 
(EU) Research 
consortia

 L Y Y Y L Y Y

World Bank Guidelines NbS [45] World Bank  Y Y Y Y Y Y Y

Dept of Interior NbS Roadmap 
[46]

U.S. Department of 
Interior Y Y Y Y Y Y Y

Designer Archetype

CBD Guidelines to Climate 
Resilience [47] CBD  Y Y Y L Y Y Y

NbS for Reducing Disaster Risks
[48]

Wetlands 
International 
National Institute of 
Disaster 
Management, New 
Delhi

 Y Y Y L L L Y
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Operational Dimensions

NbS Framework

Diagnostic Delivery

Name Organization BA PD IM FF ME IC

How 
to

Nature Positive Cities [49] World Economic 
Forum  Y Y L L N L Y

UN Habitat NbS Climate 
Resilience [50] UN Habitat  Y Y L N N Y Y

Making Nature's City [51] San Francisco 
Estuary Institute  Y Y L N N N Y

Financier Archetype

ICLEI Guide Financing 
Biodiversity [29] ICLEI  L L N Y N N Y

NbS in Latin America and the 
Caribbean [52]

InterAmerican 
Development Bank  N N N Y L Y L

UNEP State of Finance for Nature 
in Cities [28] UNEP  L N N Y L Y Y

ENSURE [53]

CEEW (Council on 
Energy, 
Environment and 
Water)

 Y L L Y L Y N

Monitor Archetype
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Operational Dimensions

NbS Framework

Diagnostic Delivery

Name Organization BA PD IM FF ME IC

How 
to

10 Protocols NbS [54] CityAdapt  L Y Y L Y Y L

Berlin Pact [55] ICLEI  L L L L Y Y L

C40 Finance [56]
C40 Cities Finance 
Facility and 
SELVAR

Y Y L L Y Y Y

EC NbS Handbook for 
Practitioners [57]

European 
Commission  Y Y N N Y Y Y

EKLIPSE Expert Working Group
[16]

EU Research 
consortia  Y L L N Y Y Y

Urban Nature Indexes (UNI) [58] IUCN  Y L N N Y Y Y

Unclassified

Dryland NbS Informal 
Settlements [59] ICLEI Africa  N N N N N N L

NbS Resource Guide 2.0 [60] The White House 
(USA)  L L L L L N N

Playbook for Urban Biodiversity 
[38]

Melbourne Centre 
for Cities  L Y L L N N N
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Operational Dimensions

NbS Framework

Diagnostic Delivery

Name Organization BA PD IM FF ME IC

How 
to

U-20 NbS Framework [61]
U-20 Nature-based 
Urban Solutions 
Taskforce

 L L L L L L Y

UNaLab Introducing NbS [62]
Urban Nature Lab 
(Funding from EU 
Horizon 2020)

 Y L Y Y L L L

UNEP Smart Sustainable 
Resilient Cities [63] UNEP  L L L L N Y N

391 A comprehensive analysis of all frameworks according to the six operational dimensions using 

392 the diagnostic and delivery strength scoring described in section 2.3.3 is provided in S1 Fig and 

393 S2 Table. 

394 4. Discussion

395 Our assessment of 30 NbS frameworks shows that the guidance available to cities is broad in 

396 aspiration but structurally uneven, with substantial resources supporting the diagnostic 

397 dimensions of NbS projects but persistent deficits at the delivery dimensions. This means that 

398 documents providing guidance on implementation, financing, and monitoring are still scarce. 

399 The distribution of archetypes across the 30 frameworks (9 Integrators, 5 Designers, 4 

400 Financiers, 6 Monitors, and 6 Unclassified) reveals a notable imbalance between where guidance 
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401 is most needed and where it is most available. Below, we interpret these findings in the context 

402 of the current NbS literature and propose pathways toward a more coherent and accountable 

403 guidance architecture.

404 4.1 Geographic Specificity

405 In 10 frameworks (33.3%), guidance was anchored to particular regional, national, or ecosystem 

406 conditions. These documents offer valuable insights for implementers working in similar 

407 contexts, but geographic specificity can restrict the transferability of knowledge to other settings 

408 [31]. Half of them also offered limited operational guidance, suggesting that context-specific 

409 frameworks would benefit from a section of transferable, actionable guidance.

410 Among the Unclassified frameworks, specificity had different implications. The NbS Resource 

411 Guide 2.0 [60] and the U-20 NbS Framework [61] provide limited guidance across all 

412 dimensions, offering breadth with limited depth and little grounding in specific examples. At the 

413 other extreme, the Dryland NbS for Informal Settlements framework [59] contributes knowledge 

414 on an underrepresented context [64], relevant given growing interest in NbS in historically 

415 marginalized settings [50], but its limited guidance makes it closer to an advocacy document 

416 than an operational guide. Clearer guidance in such frameworks would reduce the “framework 

417 fatigue” practitioners report when navigating overlapping, incomplete, or inconsistent guidance 

418 [9].

419 Recommendation: Context-adaptive design. Geographic specificity reflects a tension between 

420 the contextual grounding that gives frameworks credibility and the transferability that gives them 

421 reach. Future frameworks can address this tension through explicit context-adaptation 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


24

422 approaches, structured processes through which users assess local conditions and adjust guidance 

423 accordingly, rather than prescribing universally applicable solutions.

424 4.2 Absence of Guidance on Funding Pathways

425 Clear discussion of financing and funding strategies was absent in 8 frameworks (26.7%), even 

426 in some that nominally address the topic, revealing a disconnect between diagnostic content and 

427 actionable pathways to public, private, or innovative financing. This gap frequently co-occurred 

428 with a lack of operational guidance: 62% of frameworks exhibiting one also exhibited the other.

429 Dedicated resources are also scarce. Financiers are the least represented archetype, with only 

430 four examples: the ICLEI Guide to Biodiversity Financing for Cities and Regions, NbS in LAC, 

431 the UNEP State of Finance for Nature in Cities, and ENSURE [28,29,52,53]. Moreover, all four 

432 offer limited guidance on planning and design; the ICLEI Guide, for instance, provides only 

433 limited advice on baseline and planning dimensions, and NbS in LAC addresses neither [29,52]. 

434 Practitioners who turn to Financier frameworks will therefore find little help in linking financial 

435 instruments to ecologically grounded project design, risking financially viable but ecologically 

436 suboptimal interventions.

437 Cities that cannot access actionable financial guidance, whether investment cases, risk 

438 assessment methodologies, blended finance models, or cost-benefit frameworks, are less likely to 

439 mainstream NbS, because investors require evidence of return on investment, risk reduction, or 

440 measurable co-benefits to justify capital allocation. The result is a vicious cycle: insufficient 

441 monitoring data weakens the case for investment, while insufficient investment limits the 

442 resources available for monitoring and implementation.
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443 Recommendation: Engaging finance and governance actors. Frameworks must expand their 

444 communicative reach to include private investors, national policymakers, and development 

445 finance institutions. Future financial guidance for NbS should be embedded within or explicitly 

446 linked to frameworks that also address baseline assessment and design, ensuring that investment 

447 instruments are grounded in ecologically sound project specifications.

448 4.3 Lack of Operational and Practical Guidance

449 In 7 frameworks (23.3%), the lack of operational and practical guidance was one of the most 

450 pressing constraints on adoption. These frameworks articulate principles or document case 

451 studies without replicable implementation steps, and “how to” guidance was generally less 

452 common for the delivery dimensions.

453 Diagnostic dimensions are covered far more often than implementation (36.7%, the lowest of 

454 any dimension), financing (46.7%), or monitoring and evaluation (43.3%), and only five 

455 frameworks (16.7%) provide consistent guidance across all operational dimensions. We interpret 

456 this recurrence as a structural challenge for the field. Many frameworks are rooted in ecology, 

457 conservation science, and spatial planning, disciplines that bring deep expertise to problem 

458 diagnosis and solution design but have historically engaged less with procurement, contract 

459 management, institutional coordination, financial structuring, and adaptive management. The 

460 result is a guidance ecosystem that reproduces disciplinary silos: it equips cities to identify what 

461 to do but offers comparatively little support for how to fund, build, and verify NbS interventions.

462 This finding corroborates earlier observations by Seddon et al. [65] on NbS standards that lack 

463 integration between biophysical and socio-economic criteria, and extends them by showing that 

464 the imbalance is structural rather than merely thematic. The absence of implementation support 

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


26

465 and of financial pathways are manifestations of a shared deficit: institutional and economic 

466 perspectives are often missing simultaneously, limiting the ability of frameworks to guide 

467 delivery decisions. Closing this gap requires engagement with disciplines and professional 

468 practices underrepresented in the NbS framework landscape, including project management, 

469 public procurement, construction management, and institutional coordination.

470 Recommendation: Closing the delivery gap. The systematic study of methods to promote the 

471 adoption and integration of evidence-based practices into routine settings offers a potentially 

472 valuable but largely untapped body of knowledge for NbS practitioners. Frameworks that 

473 provide comprehensive implementation guidance, notably the ADB Practitioner’s Guide, the 

474 Connecting Nature Framework, the World Bank Guidelines, and the CBD Guidelines (a 

475 Designer framework) [39,40,45,47], show that diagnostic strength need not preclude strong 

476 delivery guidance. They share explicit attention to the institutional and procedural realities of 

477 project delivery, often incorporating step-by-step guidance, worked examples, and practitioner-

478 oriented toolkits, and can serve as models for structured guidance on sequencing, stakeholder 

479 coordination, risk management, and adaptive decision-making during execution.

480 4.4 Gaps in M&E Indicators and Guidance for Assessing co-benefits

481 Gaps in monitoring, evaluation, and indicators were observed in 7 frameworks (23.3%), which 

482 do not yet provide clear guidance on how implementers can evaluate the benefits and co-benefits 

483 of implemented NbS. In these frameworks measurement strategies are absent, underspecified, or 

484 there are limited mentions to strategies for assessing co-benefits.

485 Five frameworks provided comprehensive guidance across all operational dimensions and 

486 therefore connect monitoring and co-benefit assessment to the other dimensions: the Connecting 
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487 Nature Framework, the IUCN Global Standard for NbS, the World Bank Guidelines, the UNEP 

488 NbS for Climate-Resilient Cities, and the U.S. Department of Interior NbS Roadmap 

489 [15,40,42,45,46]. All are Integrators developed by large multilateral or governmental bodies or 

490 research consortia with cross-disciplinary mandates and substantial resources for stakeholder 

491 consultation, suggesting that their comprehensiveness reflects institutional capacity as well as 

492 ambition. Among the remaining Integrators, the Restoration Opportunities Assessment 

493 Methodology, for example, provides structured diagnostic guidance but less support for delivery 

494 and even less for monitoring and evaluation [43].

495 Fewer than half of the frameworks (43.3%) substantively address monitoring and evaluation, 

496 even as commitments under the Paris Agreement, the Kunming–Montreal Global Biodiversity 

497 Framework, and the Sustainable Development Goals increasingly require cities to demonstrate 

498 measurable NbS outcomes rather than merely plan for them [14,66]. Monitoring guidance thus 

499 remains concentrated in a small number of specialized frameworks rather than embedded as 

500 standard practice.

501 Even the six Monitor frameworks, which offer strong guidance on monitoring and evaluation and 

502 on impacts and co-benefits, cover the other dimensions unevenly. C40 Finance, the EC NbS 

503 Handbook for Practitioners, the EKLIPSE framework, and the Urban Nature Indexes [16,56–58] 

504 provide comprehensive baseline guidance, but none offers comprehensive financing guidance, 

505 and the EC Handbook and the Urban Nature Indexes offer none on implementation. Frameworks 

506 that specialize in monitoring are thus not necessarily equipped to guide the implementation and 

507 financing that generate the outcomes they measure, and risk producing evaluations that reflect 

508 execution failures rather than the inherent potential of NbS interventions.
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509 Coverage of impacts and co-benefits, the highest of any dimension (70.0%), appears oriented 

510 predominantly toward identifying what NbS could deliver rather than verifying what they have 

511 delivered. This asymmetry perpetuates the uncertainty about actual NbS performance that 

512 Chausson et al. [67] identified as a fundamental barrier to building the evidence base for NbS 

513 effectiveness. The credibility of NbS as a policy instrument ultimately depends on demonstrated, 

514 not projected, outcomes.

515 Recommendation: Communicable monitoring, reporting, and verification. Bridging 

516 monitoring and the other dimensions requires shared, communicable indicator sets that enable 

517 cross-city comparison and cumulative evidence building. Alignment with established accounting 

518 frameworks such as the SEEA-EA [26] offers a globally recognized structure for linking 

519 ecosystem condition and service flows to economic and policy metrics. Because indicator sets 

520 that are too rigid risk excluding locally relevant outcomes while those that are too flexible 

521 undermine comparability, a tiered approach, with a core set of mandatory indicators 

522 supplemented by context-specific optional indicators, may offer the most productive 

523 compromise. The Urban Nature Indexes illustrate one model for structuring indicator-based 

524 assessment [58].

525 4.5 Unclear Advice on Community Participation

526 Seven frameworks (23.3%) provided unclear guidance on community participation and 

527 governance, acknowledging stakeholder engagement, co-production, and cross-departmental 

528 coordination without structured guidance. Moreover, 43% of the frameworks lacking information 

529 on monitoring and evaluation also fell short on community participation and financing (S3 
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530 Table), reinforcing the observation that frameworks overlooking one delivery dimension tend to 

531 overlook others.

532 Limited guidance on community participation is a well-known challenge in the field, and 

533 practices sensitive to local priorities, values, and aspirations are particularly important for NbS to 

534 achieve their full potential in historically marginalized contexts [68]. Structured advice is still 

535 missing for critical steps: how to identify key stakeholder groups, how to engage them in co-

536 designing NbS, and how to involve them in implementation and long-term maintenance.

537 Without such guidance, even well-designed NbS projects risk stalling at the point of delivery 

538 [69], and guidance on aligning community values with broader biodiversity, climate adaptation, 

539 and urban development goals is a critical step towards mainstreaming NbS within urban policies 

540 [70].

541 Designer frameworks illustrate this gap. Making Nature’s City, Nature Positive Cities, and UN-

542 Habitat’s NbS Climate Resilience [49–51] provide valuable advice on diagnostic dimensions but 

543 limited information on how communities can participate in the implementation, financing, or 

544 assessment of NbS. Frameworks that do not speak to the decision-making logics of communities, 

545 investors, developers, and national policymakers are less likely to help cities move beyond grant-

546 dependent pilot projects.

547 Recommendation: Investing in participatory approaches and institutional capacity. The 

548 lack of frameworks that holistically integrate participation, finance, project management, and 

549 governance mirrors a broader capacity gap within the institutions responsible for NbS delivery. 

550 Policymakers can address this by investing in training that builds competencies at the 

551 intersection of the social sciences, ecology, urban planning, public finance, and project 
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552 management, and by accounting for community participation in government policy and budget 

553 allocations. Frameworks themselves can play a catalytic role by guiding community-oriented 

554 design and implementation practices.

555 4.6 Thematic Narrowness

556 Thematic narrowness was observed in 7 frameworks (23.3%), reflecting a tendency for 

557 frameworks to provide in-depth specialized advice on one or a few of the dimensions at a time. 

558 These frameworks had limited scope and, therefore, were intended to provide guidance 

559 exclusively to a particular operational dimension, ecosystem or urban setting, such as financing, 

560 forest landscapes, biodiversity indices, or informal settlements.

561 Thematic narrowness overlapped with geographic specificity in two frameworks (S3 Table), 

562 indicating deliberate targeting of a specific set of stakeholders and a well-defined domain, 

563 although these frameworks did not provide structured operational guidance, cover M&E, or 

564 examine scalability strategies. Such frameworks appear designed with intentional focus rather 

565 than exhibiting the uneven coverage typical of frameworks attempting broader scope: a 

566 framework that sets out to address only financing is not less relevant for omitting 

567 implementation.

568 Nearly all frameworks target local governments (97%) and practitioners (90%), whereas only 

569 about half address private entities or national governments (53% and 50%, respectively), the 

570 actors more likely to seek advice on overarching financing, design, and assessment strategies. 

571 Current guidance therefore favors local implementers.
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572 The nine Integrator frameworks can serve as comprehensive starting points from which 

573 practitioners deepen their guidance using specialized frameworks. From this perspective, 

574 thematic narrowness is valuable: frameworks can be used as modular components assembled 

575 according to context, rather than consolidated into a single but likely more generic document. 

576 This allows municipal actors to combine local specificity with well-established generic guidance, 

577 and to engage with the resources, regulatory conditions, and investment instruments that 

578 originate beyond the municipal level and may be tied to frameworks adopted by funders and 

579 national governments.

580 Recommendation: Interoperability over consolidation. The diversity of NbS frameworks is 

581 not inherently problematic; the challenge lies in navigating that diversity of themes covered 

582 effectively. Rather than advocating for a single meta-framework, which would risk sacrificing 

583 the contextual specificity that gives individual frameworks their value, we propose that the 

584 archetype typology developed in this study can serve as a practical navigation tool. By 

585 classifying frameworks according to their functional specialization, practitioners can identify 

586 which combination of resources best suits their needs, balancing specificity and interoperability. 

587 A city entering the design phase might draw on a Designer framework such as Nature Positive 

588 Cities for ecological and spatial guidance, then turn to a Financier framework like the ICLEI 

589 Guide when developing its investment case, and a Monitor framework such as EKLIPSE when 

590 establishing its evaluation protocol. 

591 4.7 Policy implications

592 The structural gaps documented in this study carry direct implications for policymakers at 

593 multiple governance levels.
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594 Supporting coverage of each operational dimension in NbS funding and policy instruments. 

595 Because many frameworks simultaneously lack advice on implementation, financing, and 

596 monitoring, funders, including national governments, development banks, and multilateral 

597 agencies, should encourage NbS proposals to demonstrate not only diagnostic soundness 

598 (ecological baseline assessment and design rationale) but also delivery readiness, including 

599 financing pathways, implementation plans, and monitoring protocols. Precedents exist: the 

600 World Bank’s project cycle mandates appraisal, implementation planning, and monitoring and 

601 evaluation as conditions of financing [71], and the IUCN Global Standard for NbS functions in 

602 part as a funder-facing accountability tool that links ecological criteria to project verification 

603 [15]. Such requirements would create demand for more operationally complete frameworks and 

604 reduce the risk of funded projects stalling where diagnostic work ends and delivery begins.

605 Embedding monitoring into policy. The disconnect between financing and monitoring is a 

606 governance gap as well as a technical one. Policymakers should consider requiring monitoring 

607 protocols as a central component of NbS policy instruments, analogous to the reporting 

608 requirements for greenhouse gas inventories under the Paris Agreement, and aligning them with 

609 accounting structures such as the SEEA-EA to reduce duplication, enable cross-jurisdictional 

610 comparison, and strengthen the evidence base that underpins continued political and financial 

611 commitment to NbS.

612 Addressing trade-offs and synergies in decision-making. Current frameworks 

613 overwhelmingly emphasize the co-benefits of NbS but rarely provide structured guidance for 

614 evaluating trade-offs among outcomes, for example, tensions between flood mitigation and 

615 biodiversity conservation, or between urban greening and housing affordability. Policymakers 

616 should ensure that NbS planning processes include explicit mechanisms for identifying, 
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617 evaluating, and communicating trade-offs, not only synergies. Without such mechanisms, NbS 

618 risk being adopted on the basis of optimistic benefit projections that do not reflect the 

619 distributional consequences experienced by different communities. This is particularly important 

620 in contexts where NbS may intersect with equity concerns, such as green gentrification or 

621 uneven access to urban nature.

622 Bridging governance levels. The finding that only about half of city-focused frameworks 

623 address national governments or private entities as audiences reflects a broader governance 

624 challenge: urban NbS implementation depends on enabling conditions that are distributed across 

625 jurisdictional levels. National policymakers can support urban NbS by establishing regulatory 

626 frameworks, fiscal instruments, and intergovernmental coordination mechanisms that create a 

627 supportive operating environment for municipal action. City networks and multilateral platforms 

628 can facilitate horizontal learning and peer exchange, helping cities navigate the fragmented 

629 guidance landscape and identify framework combinations suited to their context.

630 4.8 Limitations

631 Several limitations should be noted when interpreting the findings of this study. First, 

632 frameworks employing adjacent but less common or region-specific terminology, such as low-

633 impact development or water-sensitive design, may have been missed even where their content 

634 overlaps substantively with NbS guidance. The boundaries of NbS as a concept remain 

635 contested, and alternative framings may offer relevant guidance which are not captured in this 

636 review.

637 Second, the archetype classification is an author-derived analytical construct designed as a 

638 diagnostic tool rather than a definitive categorization. The classification criteria depend on 
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639 threshold choices (e.g., requiring a Financier to emphasize financing and lack comprehensive 

640 guidance on planning and implementation) that, if adjusted, could shift individual frameworks 

641 between categories. Frameworks that fall near the boundaries between archetypes or that exhibit 

642 highly uneven profiles may be particularly sensitive to such threshold effects.

643 Third, this review assesses the content and stated scope of frameworks but does not evaluate 

644 their uptake or effectiveness in practice. A framework that provides comprehensive guidance on 

645 implementation may not be widely adopted, and one that is widely adopted may not lead to 

646 better outcomes on the ground. Whether coverage across functional dimensions translates into 

647 improved NbS delivery remains an empirical question beyond the scope of this analysis, and one 

648 that warrants dedicated investigation as the framework landscape continues to evolve.

649 5. Conclusions

650 This study assessed 30 NbS frameworks to evaluate the coherence and completeness of the 

651 guidance available to cities seeking to implement nature-based solutions. The findings reveal a 

652 fundamental structural imbalance: the diagnostic dimensions of NbS are well served by existing 

653 frameworks, while the delivery dimensions remain substantially under-resourced. Only a small 

654 subset of Integrator frameworks, developed mainly by large multilateral or governmental 

655 institutions, provides comprehensive coverage across operational dimensions, indicating that 

656 end-to-end support is rare and concentrated among well-resourced organizations.

657 The analysis also demonstrates that these weaknesses are not isolated but cluster systematically, 

658 with operational guidance, financing, and monitoring deficits frequently co-occurring within the 

659 same frameworks. These findings suggest that the root causes are structural, reflecting 
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660 disciplinary biases and institutional mandates, rather than incidental oversights that could be 

661 addressed through piecemeal additions.

662 The archetype typology developed here offers both a diagnostic tool and a practical navigation 

663 aid for practitioners. Rather than searching for a single framework that addresses all needs, users 

664 can assemble complementary resources matched to their operational needs and their specific 

665 governance context, using Integrator frameworks as comprehensive entry points supplemented 

666 by specialized Designer, Financier, or Monitor frameworks where deeper guidance is required.

667 Moving forward, the most pressing priorities for the NbS framework landscape are threefold: 

668 closing the delivery gap by integrating implementation science and project management 

669 methodologies into NbS guidance; establishing communicable but flexible monitoring and 

670 verification protocols aligned with global accounting frameworks; and expanding the 

671 communicative reach of frameworks to engage private investors, national policymakers, and 

672 development finance institutions as active audiences. The next generation of urban NbS 

673 frameworks must be co-produced not only by professionals of a few disciplines and 

674 organizations but with finance professionals, public administrators, and the communities 

675 implementing, maintaining and co-habitating with nature in cities.
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