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17 Abstract

18 Monetary ecosystem service (ES) valuations often diverge across studies and locations 

19 even when similar valuation approaches are applied. A key reason is that applied 

20 valuations frequently rely on opportunistic datasets and proxies, which implicitly 

21 determine which biophysical, management, and demand-side drivers are represented 

22 in the valuation workflow. Because this “valuation boundary” is rarely disclosed in a 

23 structured way, readers and evidence users have limited ability to interpret differences 

24 across estimates, assess comparability, or support evidence synthesis and benefit 

25 transfer. We propose a logic-chain-based reporting framework that makes valuation 

26 boundaries explicit through determinant coverage disclosure. The framework combines 

27 an ecosystem-specific reference template that catalogues services and organizes 

28 value determinants in service-specific logic chains spanning supply (nature and 

29 management) and demand (beneficiaries and socio-economic modifiers), and a 

30 reporting overlay that links each monetary estimate to the template by highlighting 

31 represented determinants and listing key omissions. The approach is designed to be 

32 feasible under real-world data constraints and to complement, rather than replace, 

33 standard valuation guidance. We demonstrate the framework for vineyard 

34 agroecosystems in Castilla y León (Spain). Using a data-driven valuation set-up based 

35 on available regional information, we estimate monetary values (€/ha/year, 

36 standardized to 2023) for a subset of provisioning, regulating, and cultural services and 

37 report service-specific valuation-boundary profiles alongside each estimate. A small set 

38 of vineyard-level observations illustrates how additional local information can narrow 

39 reported boundaries and change interpretation of values. The outputs include a 

40 reusable vineyard template, monetary results, and boundary profiles that can support 

41 screening and stratification in valuation databases and synthesis exercises.

42 Keywords: ecosystem service valuation, monetary valuation, reporting framework, logic 

43 chains 
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44 1. Introduction

45 Ecosystem services (ES), defined as the contributions of ecosystems to human well-

46 being(1) , are frequently used in environmental and resource economics to organize 

47 evidence on nature’s benefits and to inform policy appraisal and ecosystem accounting 

48 applications(2,3) .Monetary valuation is often employed because it expresses diverse 

49 benefits in comparable units (4,5),which can be useful in decision settings that require 

50 explicit trade-offs(6,7) ,provided results are reported transparently and interpreted with 

51 appropriate caution (8,9).

52 A persistent difficulty is that monetary ES values vary widely across studies and 

53 locations(10). It is often unclear how much of that variation reflects genuine differences 

54 in underlying biophysical service flows(11) opposed to methodological biases in 

55 categorisation, ambiguous definitions or data limitations (12–14). This challenge 

56 becomes more acute as valuation evidence is increasingly synthesized, used for meta-

57 analysis, and applied in benefit transfer. Recent work based on the Ecosystem 

58 Services Valuation Database (ESVD) illustrates both the scale of the evidence base 

59 and the continuing problem of interpreting heterogeneity across contexts (15). In 

60 parallel, the benefit transfer literature has repeatedly emphasized that transfer validity 

61 depends on explanatory variables capturing biophysical and socio-economic context, 

62 and that missing or inconsistently reported covariates remain a major source of error 

63 (16,17). In practice, methodological labels and headline valuation settings rarely 

64 provide enough information to judge whether two reported values are meaningfully 

65 comparable(18).

66 One reason is that many monetary valuations are produced under tight constraints of 

67 time, budget, and data availability. Even when analysts follow established guidance on 

68 valuation approaches(19), implementation is often data-driven, relying on opportunistic 

69 datasets, proxies, and simplifying assumptions that differ across regions and studies. 

70 These choices implicitly define a valuation boundary, the set of biophysical, 

71 management, and demand-side determinants that the valuation workflow represents, 
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72 versus those it leaves unrepresented. Yet this boundary is seldom reported in a 

73 structured, service-specific way(20).

74 This paper proposes a logic-chain-based reporting framework designed to make 

75 valuation boundaries explicit through determinant coverage disclosure. The framework 

76 has two components. First, it builds an ecosystem-specific reference template that 

77 catalogues services for a given ecosystem type (21) and structures, for each service, a 

78 logic chain of value determinants spanning supply (nature and management) and 

79 demand (beneficiaries and socio-economic components). Logic-chain structures have 

80 been used in ecosystem accounting and indicator development to connect ecological 

81 processes, service flows and human outcomes (22,23). Second, the framework 

82 introduces a standardized reporting overlay that links each monetary estimate to this 

83 template by highlighting which determinants are represented in the valuation workflow.

84 We demonstrate the framework using vineyard agroecosystems in Castilla y León 

85 (Spain). The case study is used to show implementability under opportunistic data 

86 constraints and to provide a worked example of interpretive value. In vineyards, for 

87 instance, management-related determinants affecting service flows (e.g., the presence 

88 of cover crops) may be absent in regional datasets and therefore omitted or treated via 

89 coarse assumptions, despite their documented impact on biodiversity and soil quality 

90 (24,25). Vineyard-level observations can bring these determinants into the workflow, 

91 changing the interpretation of values.

92 The paper contributes to the valuation and evidence-synthesis literature in three ways. 

93 First, it provides a lightweight reporting structure that documents valuation boundaries. 

94 Second, it offers ecosystem-specific templates as a scalable scaffold for consistent 

95 reporting(26). Third, it clarifies an under-documented source of valuation heterogeneity 

96 (differences in valuation boundaries induced by opportunistic evidence constraints) 

97 without presenting the approach as a substitute for uncertainty analysis, but as a 

98 complementary tool for transparency(27,28). To demonstrate these contributions, we 

99 apply the framework to the aforementioned vineyard case study. This application 
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100 illustrates how contrasting regional proxy-based estimates with local refinements can 

101 alter the interpretation of monetary outcomes. Finally, we discuss the implications of 

102 this reporting layer for comparability and the future development of valuation 

103 infrastructures. 

104

105 2. Materials and methods

106 2.1. A logic-chain-based reporting framework for valuation-boundary disclosure

107 The framework proposed here is designed as a reporting contribution. It does not aim 

108 to introduce a new valuation method or to replace existing standards for ecosystem 

109 accounting and monetary valuation (3,8). Instead, it introduces a practical reporting 

110 layer that links each monetary estimate to a structured disclosure of determinant 

111 coverage, service by service. The central premise is that comparability not only 

112 requires more than shared labels for valuation methods or reference years, but also 

113 clarity about which determinants of service flows and monetary expression are 

114 represented in the workflow, and which are not. By making this explicit, the framework 

115 supports interpretation of divergence across valuations and provides information that is 

116 typically missing when values are later synthesized or transferred, addressing the 

117 ongoing problem of interpreting heterogeneity across diverse contexts(5,15).

118 To operationalize determinant disclosure, we organize determinants using service-

119 specific logic chains. Logic-chain thinking has become established in ecosystem 

120 accounting and indicator development as a way to structure causal links between 

121 ecological processes, service flows, and human outcomes(3).This approach aligns with 

122 broader conceptual efforts to link ecosystem processes directly to service 

123 provision(22). A closely related motivation appears in the “benefit-relevant indicator” 

124 literature, which stresses that ecosystem service measures should make explicit how 

125 ecological change connects to welfare-relevant outcomes(23). In the present 

126 framework, logic chains serve as structured “maps” of the determinants that plausibly 
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127 influence a service’s realized flow and its monetary expression, offering a consistent 

128 scaffold for disclosure across services and studies(29).

129 The framework couples an ecosystem-specific reference template with a standardized 

130 determinant-coverage overlay (Fig. 1). The conceptual reference template provides a 

131 service catalogue for a given ecosystem type based on the typology(21), while 

132 establishing service-specific logic chains that identify the value determinants expected 

133 to influence both service flows and their subsequent monetary expression. 

134 Determinants are structured along supply and demand. On the supply side, the 

135 template distinguishes nature-related determinants (biophysical and ecological 

136 conditions shaping capacity and flow) from management-related determinants (human 

137 actions that modify ecological processes and flows). This distinction is critical in 

138 agroecosystems where management intensity significantly drives both biodiversity and 

139 service delivery(25). On the demand side, it records beneficiary characteristics and 

140 relevant socio-economic modifiers that can influence monetary expression for a given 

141 valuation approach. Rather than parameterizing site-specific models, the reference 

142 template establishes a consistent structure and vocabulary to standardize the reporting 

143 of applied valuations. This ensures that heterogeneous datasets can be disclosed 

144 against a common scaffold, improving transparency across diverse assessment 

145 contexts (30).

146

147 XXXXXXXXXXXXXX Figure 1 XXXXXXXXXXXXX

148

149 The determinant coverage overlay operationalizes the linkage between specific 

150 valuation exercises and the reference template by mapping the underlying workflow, 

151 including data inputs, modeling trajectories, and documented assumptions, onto the 

152 logic-chain determinants. This systematic disclosure generates a valuation boundary 

153 profile that integrates the monetary estimate with its corresponding technical settings 

154 and a transparent account of determinant coverage. By anchoring results to a common 
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155 scaffold rather than relying on non-standardized narrative descriptions, this profile 

156 ensures cross-study comparability and facilitates rigorous evidence 

157 synthesis(15,17,26). To prevent the conflation of distinct variance sources, a persistent 

158 challenge in applied valuation(10,13), the framework disentangles three critical 

159 reporting dimensions. Value determinants characterize the contextual drivers shaping 

160 service flows and monetary expression while valuation settings capture technical 

161 parameters such as unit costs, discount rates, and price-year standardization. Finally, 

162 the valuation approach denotes the specific economic methodology employed. The 

163 framework remains intentionally method-agnostic, prioritizing the transparency of 

164 represented determinants and the traceability of parameter choices over the 

165 adjudication of specific valuation techniques, aligning with current best practices in 

166 ecosystem accounting(3,8).

167 Determinant coverage disclosure inevitably involves interpretation, particularly when 

168 workflows rely on proxies and simplifying assumptions. To support consistent 

169 implementation across analysts and studies, the framework applies minimal operational 

170 rules while maintaining a clear distinction between empirical parameters and gap-filling 

171 assumptions(27,28). A determinant is treated as represented when the valuation 

172 workflow includes an explicit variable, indicator, or model component intended to 

173 capture that determinant. To avoid conflating empirical measurement with uniform 

174 proxy use, a recognized challenge in ecosystem service assessments (20), we 

175 differentiate within the framework. A determinant can be captured via explicit 

176 representation (using site-specific data) or proxy representation (where uniform 

177 assumptions, such as adopting a single management regime across all sites for lack of 

178 data, are explicitly stated and operationally used in the valuation). Conversely, a 

179 determinant is treated as unrepresented when it appears in the template logic chain but 

180 has no corresponding workflow component. Crucially, merely documenting that a 

181 variable was ignored or assumed to have zero effect without an operational justification 

182 counts as an omission, not as representation. Among unrepresented determinants, the 
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183 framework highlights “key omissions”, determinants that are expected to have a non-

184 negligible influence on outcomes and plausibly vary across contexts. To reduce analyst 

185 subjectivity, these key omissions should be identified based on established meta-

186 analyses(25) or the structural logic of the ecosystem-specific reference template(23).

187 These rules are intentionally lightweight. The aim is to ensure that reporting remains 

188 feasible under real-world constraints, while still producing a consistent and auditable 

189 valuation-boundary profile. More elaborate extensions such as controlled vocabularies, 

190 reason codes for omissions, or graded quality descriptors can strengthen the 

191 framework, but they are not required for basic implementation and are left for future 

192 development. We implement the framework in a vineyard demonstration in three steps. 

193 First, we construct a vineyard ecosystem-specific reference template comprising a 

194 service catalogue and service-specific logic chains of value determinants. Second, we 

195 produce data-driven monetary valuations using opportunistic datasets and 

196 standardized procedures, reporting monetary estimates and the valuation settings 

197 required for interpretation. Third, we apply the determinant-coverage overlay to each 

198 monetized service, highlighting represented determinants and listing key omissions to 

199 generate service-specific valuation-boundary profiles.

200 Full template logic chains and full overlays for all monetized services are reported in 

201 the Appendices, while the main text provides a condensed template summary, 

202 monetary results tables, and selected overlay extracts to illustrate how valuation-

203 boundary profiles support interpretation of heterogeneity under opportunistic evidence 

204 constraints.

205 2.2. Case of study: Vineyard agroecosystems in Castilla y León

206 We demonstrate the reporting framework using vineyard agroecosystems in Castilla y 

207 León (Spain), a region where viticulture has historically shaped both the rural economy 

208 and the cultural landscape(31). As is common in multifunctional landscapes(32,33), 

209 vineyards occur here as a spatial mosaic embedded in broader agricultural and semi-

210 natural land covers, creating heterogeneous patterns of service provision. The region 
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211 encompasses an extensive vineyard area of over 83,000 hectares, with approximately 

212 56,600 ha distributed across twelve formally recognized Appellations of Origin (AOs) 

213 and a substantial share located outside these boundaries. This structural and 

214 management heterogeneity makes the setting an ideal testbed, it mirrors the real-world 

215 conditions of applied valuation where values vary spatially, and the opportunistic 

216 evidence base differs drastically across services. To ensure comparability, the primary 

217 unit of analysis is the vineyard area, with monetary results standardized to € ha⁻¹ yr⁻¹. 

218 The valuation focuses on a subset of provisioning, regulating, and cultural services for 

219 which monetization is feasible under the available evidence base. Other plausible 

220 services recorded in the broader ecosystem template (Section 2) remain unmonetized 

221 due to data limitations or because they are intermediate services whose value is 

222 already embodied in final services, aligning with standard ecosystem accounting 

223 principles. This intentional separation clarifies that the framework accommodates 

224 partial valuation exercises and makes omissions explicit, rather than requiring 

225 exhaustive monetization. (A concise cartographic description is included in S3).The 

226 valuation exercise is deliberately designed to mirror common applied practice rather 

227 than building a bespoke, data-optimal biophysical-economic model. We rely on 

228 opportunistic evidence drawn from regional datasets, official statistics, and published 

229 coefficients. This approach reflects the empirical reality that many monetary valuations 

230 proceed with the best available data under tight constraints of time and budget, a 

231 dynamic widely recognized in the literature where implementation choices significantly 

232 drive value variation. Consequently, the workflow inevitably combines heterogeneous 

233 inputs differing in spatial resolution and provenance. Within our framework, this 

234 heterogeneity is explicitly disclosed rather than eliminated, directly addressing the 

235 ongoing challenge of interpreting variance across contexts.

236 Monetary methods were selected to provide context-appropriate estimates, 

237 standardizing all values to 2023 euros using a consumer price index adjustment (S2) to 

238 maintain internal coherence. Importantly, the valuation approach itself is not the 
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239 methodological novelty; rather, the contribution lies in how these standard estimates 

240 are reported.

241 To illustrate how valuation boundaries shift when higher-resolution data becomes 

242 available, we complement the regional-scale valuation with a small set of case-study 

243 vineyards (S3). Here, local observations allow the refinement of specific determinants 

244 (e.g., ground cover) that must otherwise be treated uniformly at the regional scale. This 

245 refinement does not claim to establish a "true" underlying value, but practically 

246 demonstrates how incorporating local evidence alters determinant coverage and 

247 affects the interpretability of the final monetary estimates.

248 The final step of the demonstration maps each monetized service onto its 

249 corresponding template logic chain to disclose determinant coverage. For each service, 

250 we report  the monetary estimate, the key valuation settings required for interpretation, 

251 and a valuation-boundary profile that highlights represented determinants and lists key 

252 unrepresented determinants. By making explicit what each reported value conditions 

253 on, this output provides a consistent basis to interpret differences across services and 

254 between regional and locally refined estimates.

255

256 3. Results

257 3.1. Vineyard reference template

258 The vineyard reference template provides a structured catalogue of ecosystem 

259 services and their associated value determinants, organized as service-specific logic 

260 chains spanning supply and demand. The condensed template presented in Table 1 

261 summarizes the services considered in this study and the main determinant categories 

262 that are expected to influence each service flow and its monetary expression. Full 

263 service-specific logic chains are reported in S1 Appendix A, which constitutes the 

264 ecosystem-specific template artefact produced by the framework.

265 Two general patterns emerge from the template. First, vineyard services depend jointly 

266 on biophysical conditions (e.g., soil properties, climate, topography) and management 

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/


267 determinants (e.g., ground cover practices, tillage intensity, landscape elements). 

268 Second, for several services the monetary expression is sensitive to demand-side 

269 context—either through beneficiary presence and use intensity (e.g., tourism-related 

270 cultural services) or through socio-economic modifiers that affect unit values and 

271 behavioural responses. These determinant maps provide the scaffold for reporting 

272 valuation boundaries in the results that follow.

273

274 XXXXXXXXXXXXXX Table 1 XXXXXXXXXXXXX

275

276 3.2. Monetary valuation outputs under opportunistic evidence constraints

277 Drawing on regional data and standardized valuation procedures, we estimated the 

278 monetary value of a subset of vineyard ecosystem services. Table 2 presents these 

279 values in € ha⁻¹ yr⁻¹ (adjusted to 2023 euros), alongside essential valuation settings 

280 such as unit prices and discount rates. Comprehensive equations, parameters, and 

281 data inputs are detailed in Supplementary Material S2. Rather than providing definitive 

282 point estimates, these figures serve as data-driven approximations based on current 

283 regional evidence. They are included to supply a realistic valuation output that 

284 connects to our template, effectively illustrating the valuation boundaries discussed in 

285 the following subsection.

286

287 XXXXXXXXXXXXXX Table 2 XXXXXXXXXXXXXXXXXXXX

288

289 3.3. Valuation-boundary sensitivity

290 When we link our monetary outputs back to the vineyard reference template, a clear 

291 pattern emerges: the coverage of value determinants varies significantly from one 

292 service to another, even within the bounds of a single valuation exercise. To illustrate 

293 what this reporting output looks like in practice, Table 3 presents overlay extracts for a 

294 selected group of services. For each service, the table pairs the monetary estimate with 
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295 its corresponding logic chain, clearly highlighting the determinants we successfully 

296 represented in the workflow. Alongside this, we provide a concise list of the key 

297 determinants that had to remain unrepresented due to real-world evidence constraints. 

298 The full reporting overlays for all monetized services can be found in S1b.

299

300 XXXXXXXXXXX Table 3 XXXXXXXXXXXXXXXXX

301

302 Two findings are particularly relevant for interpretation and comparability. First, several 

303 services rely on coarse regional indicators or literature defaults that represent only a 

304 subset of the template determinants. In such cases, key supply-side management 

305 determinants and some demand-side modifiers remain unrepresented and become 

306 visible as omissions in the valuation-boundary profile. Second, the pattern of omissions 

307 differs across services: for some services, the main limitations arise from missing 

308 management and process determinants on the supply side. For others, beneficiary 

309 context and use intensity are the binding constraints. This matters for cross-study 

310 comparison because two valuations can share the same service label and broad 

311 valuation approach while conditioning on different determinant sets.

312 The implications of these structural omissions become fully apparent when we shift 

313 from regional proxies to site-level data. This local refinement subset clearly illustrates 

314 the numerical impact of introducing higher-resolution information to the workflow. Table 

315 4 provides a direct comparison between estimates derived from the broader regional 

316 evidence base and those refined with actual field observations. At the regional level, 

317 data constraints forced the workflow to rely on uniform management proxies (such as 

318 assuming a standard no-tillage rate for climate regulation and a conventional tillage 

319 factor for erosion control). In contrast, stepping down to the locally refined workflow 

320 allowed us to incorporate observed, site-specific practices, explicitly noting the 

321 presence of cover crops in organic vineyards.

322
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323 XXXXXXXXXXXX Table 4 XXXXXXXXXXXXXXXX

324

325 4. Discussion and implications

326 A recurring problem in monetary ecosystem service (ES) valuation is that differences 

327 across studies are often interpreted as “method effects,” when in practice they 

328 frequently originate upstream, in the way the biophysical flow is represented and in 

329 how beneficiary and context conditions are incorporated or approximated through 

330 available data(11,13). This issue becomes more visible when valuations are compiled 

331 and compared across sites, ecosystems, and countries: even when studies converge 

332 on broadly similar valuation approaches, they still rely on heterogeneous proxies, 

333 spatial resolutions, and assumptions that can shift estimates substantially(10,18). 

334 Large compilations such as the Ecosystem Services Valuation Database (ESVD) 

335 illustrate both the promise and the limits of the current evidence base. Values can be 

336 standardized to common units, but robust interpretation still requires attention to 

337 context-specific determinants of value that are often only partially documented(5,15). In 

338 that sense, the bottleneck is not only “more data” or “better methods,” but improved 

339 traceability of what each estimate actually represents. The reporting framework 

340 proposed in this paper addresses that bottleneck by coupling monetary estimates with 

341 an explicit account of the value determinants represented in the modelling chain. 

342 Rather than attempting to eliminate real-world heterogeneity, which is an unrealistic 

343 goal in applied valuation, this approach is designed to make heterogeneity visible and 

344 comparable. The core premise is that in many applied settings monetary valuation is 

345 unavoidably data-driven, in the sense that analysts make defensible use of the best 

346 available opportunistic datasets, proxies, and assumptions. That reality is recognized in 

347 multiple strands of guidance. First, ecosystem accounting work emphasizes coherent 

348 valuation concepts, notably exchange-value logic for accounting contexts, while 

349 acknowledging practical constraints in compilation and data availability(8,72). Second, 

350 best-practice syntheses for ES assessments repeatedly highlight gaps around supply 
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351 and demand representation, spatial resolution, and uncertainty documentation(20). 

352 Third, the benefit-transfer literature, where the re-use of prior evidence is routine, has 

353 long stressed that credibility depends on transparent documentation of context 

354 alignment and modelling choices(17). The contribution here is to operationalize those 

355 expectations into a concrete reporting device that travels with each monetary estimate.

356 Conceptually, the framework aligns with the move toward causal, welfare-relevant 

357 characterization of ecosystem services (22,29). This perspective argues that valuation 

358 is more robust when it explicitly connects ecological processes and management to 

359 outcomes for specific beneficiaries (23). While our proposal focuses specifically on 

360 monetary valuation, it adopts a similar logic to ensure that estimates are interpretable. 

361 By disclosing the coverage of both supply-side determinants (e.g., ecosystem condition 

362 and management) and demand-side determinants (e.g., beneficiary exposure and 

363 socio-economic context), the framework makes the 'black box' of the valuation 

364 workflow transparent to the extent that available data allow.

365 A direct implication is that the framework improves the interpretability of differences 

366 between valuations conducted with “the same method.” In practice, method labels do 

367 not uniquely determine what has been quantified(18). Two studies may both claim a 

368 replacement-cost approach while relying on different determinant sets, such as varying 

369 management practices on the supply side or different beneficiary contexts on the 

370 demand side. The framework makes these structural choices explicit , ensuring that 

371 divergence is interpreted through the inclusion or omission of specific value drivers 

372 rather than just method labels. Ecosystem accounting guidance explicitly cautions that 

373 valuation outcomes depend on the scope and assumptions embedded in the 

374 compilation chain and on the intended interpretation of monetary values(8). By forcing 

375 the analyst to report which determinants were represented, the framework turns an 

376 opaque comparison into a structured comparison that explains divergence through the 

377 specific omission or inclusion of distinct determinant sets and proxies. This does not 

378 eliminate uncertainty, but it clarifies where uncertainty and divergence are introduced.
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379 The vineyards demonstration is useful precisely because it sits at the intersection of 

380 strong economic relevance, strong cultural salience, and high heterogeneity in 

381 management and landscape context(73,74). At regional scale, opportunistic datasets 

382 necessarily flatten variation, sometimes through explicit assumptions when a 

383 determinant is known to matter but is not observed. At local scale, field observation can 

384 replace assumptions and narrow the gap between what is represented and what is 

385 plausible for the specific sites. This is not presented as a comprehensive tiered 

386 valuation architecture but a pragmatic illustration of how adding higher-resolution 

387 information can change what the estimate represents. Importantly, the framework can 

388 record that change without forcing the paper into a methodological treatise about model 

389 uncertainty propagation.

390 There are at least three main limitations. First, the framework clarifies the presence or 

391 absence of determinants, but it does not by itself standardize how a determinant is 

392 quantified when it is present. Two studies may both include ground cover yet 

393 operationalize it differently through distinct classification schemes, temporal windows, 

394 or thresholds, yielding different monetary outputs. This is a genuine limitation and it 

395 should be framed as such: the reporting framework is a necessary step toward 

396 comparability, not a complete solution. Second, the approach can be criticized as 

397 adding reporting burden. The defense is that it substitutes for long and inconsistent 

398 narrative descriptions by compressing methodological heterogeneity into a format that 

399 is easier to compare across studies and potentially easier to encode in databases(26). 

400 Third, some will argue that the framework needs explicit integration with uncertainty 

401 assessment. The uncertainty literature in ecosystem services is clear that uncertainty is 

402 often under-assessed and under-communicated, and that feasible uncertainty practices 

403 add value even when models are simple(27,28).

404 Finally, the link to evidence infrastructures such as ESVD is straightforward. Brander et 

405 al. (2024)(15) emphasize that synthesized values can inform policy and transfers but 

406 require careful consideration of context-specific determinants. A determinant-explicit 
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407 reporting layer is one way to make such consideration operational at scale, aligning 

408 with recent calls for enhanced interoperability in ecosystem service 

409 assessments(75,76). If future valuations were reported in a standardized determinant-

410 aware format, databases could become more than repositories of numbers and method 

411 labels.  They could support structured filtering, comparability screening, and more 

412 defensible meta-analytic or transfer applications(16,17). In that sense, the principal 

413 value of the framework is not that it produces new monetary methods, but that it makes 

414 existing monetary estimates more interpretable, comparable, and reusable under 

415 realistic data constraints.

416

417 Supporting information 

418 S1. Framework implementation.

419 S1A. Vineyard ecosystem reference template, including the complete ecosystem 

420 service catalogue and service-specific logic chains of value determinants.

421 S1B. Determinant-coverage overlays for all monetized ecosystem services, including 

422 valuation settings, represented determinants, and key omissions.

423 S2. Valuation methods and parameterization. Detailed valuation equations, parameter 

424 values, data sources, monetary standardization procedures, and assumptions used in 

425 the monetary assessment.

426 S3. Study area and spatial data. Description of the study area, vineyard spatial 

427 characterization, case-study vineyard selection, field observations, and supplementary 

428 cartographic information.

429

430 Declaration of Generative AI and AI-assisted Technologies in the Writing Process

431 During the preparation of this manuscript, the authors utilized ChatGPT (GPT-4) to 

432 assist in drafting and refining certain sections of the text. The authors have thoroughly 

433 reviewed and edited the content generated by the tool to ensure accuracy and 

434 coherence. The authors accept full responsibility for the content of this publication.

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/


435

436 Acknowledgements

437 The authors gratefully acknowledge the professional language editing provided by 

438 Proof Reading Services.

439

440 5. Bibliography

441 1. Daily, G. C. Nature’s services: Societal dependence on natural ecosystems. 1997. 
442 ((Ed.)).

443 2.  Millennium Ecosystem Assessment, editor. Ecosystems and human well-being: 
444 synthesis. Washington, DC: Island Press; 2005. 1 p. (The Millennium Ecosystem 
445 Assessment series).

446 3.  United Nations. System of Environmental-Economic Accounting —Ecosystem 
447 Accounting (SEEA EA). United Nations Statistics Division (UNSD). 2021.

448 4. Costanza R, d’Arge R, De Groot R, Farber S, Grasso M, Hannon B, et al. The value 
449 of the world’s ecosystem services and natural capital. Nature. 1997 
450 May;387(6630):253–60. doi:10.1038/387253a0

451 5. De Groot R, Brander L, Van Der Ploeg S, Costanza R, Bernard F, Braat L, et al. 
452 Global estimates of the value of ecosystems and their services in monetary units. 
453 Ecosyst Serv. 2012 Jul;1(1):50–61. doi:10.1016/j.ecoser.2012.07.005

454 6. Daily GC, Polasky S, Goldstein J, Kareiva PM, Mooney HA, Pejchar L, et al. 
455 Ecosystem services in decision making: time to deliver. Front Ecol Environ. 2009 
456 Feb;7(1):21–8. doi:10.1890/080025

457 7. Liu S, Costanza R, Farber S, Troy A. Valuing ecosystem services: Theory, practice, 
458 and the need for a transdisciplinary synthesis. Ann N Y Acad Sci. 2010 
459 Jan;1185(1):54–78. doi:10.1111/j.1749-6632.2009.05167.x

460 8. NCAVES M. Monetary valuation of ecosystem services and ecosystem assets for 
461 ecosystem accounting: Interim version (1st ed.). United Nations Department of 
462 Economic and Social Affairs, Statistics Division.; 2022.

463 9. Intergovernmental Science-Policy Platform On Biodiversity And Ecosystem Services, 
464 Pascual U, Balvanera P, Christie M, Baptiste B, González-Jiménez D, et al. Summary 
465 for policymakers of the methodological assessment of the diverse values and valuation 
466 of nature of the Intergovernmental Science-Policy Platform on Biodiversity and 
467 Ecosystem Services (IPBES) [Internet]. Zenodo; 2022 Jul [cited 2026 Mar 23]. Report 
468 No. Available from: https://zenodo.org/record/6522392  doi:10.5281/ZENODO.6522392

469 10. Costanza R, De Groot R, Braat L, Kubiszewski I, Fioramonti L, Sutton P, et al. 
470 Twenty years of ecosystem services: How far have we come and how far do we still 
471 need to go? Ecosyst Serv. 2017 Dec;28:1–16. doi:10.1016/j.ecoser.2017.09.008

472 11. Kremen C. Managing ecosystem services: what do we need to know about their 
473 ecology? Ecol Lett. 2005 May;8(5):468–79. doi:10.1111/j.1461-0248.2005.00751.x

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

https://zenodo.org/record/6522392
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


474 12. Jax K, Furman E, Saarikoski H, Barton DN, Delbaere B, Dick J, et al. Handling a 
475 messy world: Lessons learned when trying to make the ecosystem services concept 
476 operational. Ecosyst Serv. 2018 Feb;29:415–27. doi:10.1016/j.ecoser.2017.08.001

477 13. Laurans Y, Rankovic A, Billé R, Pirard R, Mermet L. Use of ecosystem services 
478 economic valuation for decision making: Questioning a literature blindspot. J Environ 
479 Manage. 2013 Apr;119:208–19. doi:10.1016/j.jenvman.2013.01.008

480 14. Wallace KJ, Jago M. Category mistakes: A barrier to effective environmental 
481 management. J Environ Manage. 2017 Sep;199:13–20. 
482 doi:10.1016/j.jenvman.2017.05.029

483 15. Brander LM, De Groot R, Schägner JP, Guisado-Goñi V, Van ’T Hoff V, 
484 Solomonides S, et al. Economic values for ecosystem services: A global synthesis and 
485 way forward. Ecosyst Serv. 2024 Apr;66:101606. doi:10.1016/j.ecoser.2024.101606

486 16. Johnston RJ, Bauer DM. Using meta-analysis for large-scale ecosystem service 
487 valuation: Progress, prospects, and challenges. Agric Resour Econ Rev. 2020 
488 Apr;49(1):23–63. doi:10.1017/age.2019.22

489 17. Johnston RJ, Boyle KJ, Loureiro ML, Navrud S, Rolfe J. Guidance to enhance the 
490 validity and credibility of environmental benefit transfers. Environ Resour Econ. 2021 
491 Jul;79(3):575–624. doi:10.1007/s10640-021-00574-w

492 18. Turner RK, Morse‐Jones S, Fisher B. Ecosystem valuation: A sequential decision 
493 support system and quality assessment issues. Ann N Y Acad Sci. 2010 
494 Jan;1185(1):79–101. doi:10.1111/j.1749-6632.2009.05280.x

495 19. The Economics of Ecosystems and Biodiversity (TEEB): Mainstreaming the 
496 Economics of Nature: A synthesis of the approach, conclusions and recommendations 
497 of TEEB (2010). Progress Press.

498 20. Barton DN, Immerzeel B, Brander L, Grêt-Regamey A, Kato Huerta J, Kretsch C, et 
499 al. Increasing uptake of ecosystem service assessments: best practice check-lists for 
500 practitioners in Europe. One Ecosyst. 2024 Jun 14;9:e120449. 
501 doi:10.3897/oneeco.9.e120449

502 21. De Groot RS, Wilson MA, Boumans RMJ. A typology for the classification, 
503 description and valuation of ecosystem functions, goods and services. Ecol Econ. 2002 
504 Jun;41(3):393–408. doi:10.1016/S0921-8009(02)00089-7

505 22. Fu B, Wang S, Su C, Forsius M. Linking ecosystem processes and ecosystem 
506 services. Curr Opin Environ Sustain. 2013 Mar;5(1):4–10. 
507 doi:10.1016/j.cosust.2012.12.002

508 23. Olander LP, Johnston RJ, Tallis H, Kagan J, Maguire LA, Polasky S, et al. Benefit 
509 relevant indicators: Ecosystem services measures that link ecological and social 
510 outcomes. Ecol Indic. 2018 Feb;85:1262–72. doi:10.1016/j.ecolind.2017.12.001

511 24. Garcia L, Celette F, Gary C, Ripoche A, Valdés-Gómez H, Metay A. Management 
512 of service crops for the provision of ecosystem services in vineyards: A review. Agric 
513 Ecosyst Environ. 2018 Jan;251:158–70. doi:10.1016/j.agee.2017.09.030

514 25. Winter S, Bauer T, Strauss P, Kratschmer S, Paredes D, Popescu D, et al. Effects 
515 of vegetation management intensity on biodiversity and ecosystem services in 

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/


516 vineyards: A meta‐analysis. Manning P, editor. J Appl Ecol. 2018 Sep;55(5):2484–95. 
517 doi:10.1111/1365-2664.13124

518 26. Crossman ND, Burkhard B, Nedkov S, Willemen L, Petz K, Palomo I, et al. A 
519 blueprint for mapping and modelling ecosystem services. Ecosyst Serv. 2013 Jun;4:4–
520 14. doi:10.1016/j.ecoser.2013.02.001

521 27. Bryant BP, Borsuk ME, Hamel P, Oleson KLL, Schulp CJE, Willcock S. 
522 Transparent and feasible uncertainty assessment adds value to applied ecosystem 
523 services modeling. Ecosyst Serv. 2018 Oct;33:103–9. 
524 doi:10.1016/j.ecoser.2018.09.001

525 28. Hamel P, Bryant BP. Uncertainty assessment in ecosystem services analyses: 
526 Seven challenges and practical responses. Ecosyst Serv. 2017 Apr;24:1–15. 
527 doi:10.1016/j.ecoser.2016.12.008

528 29. Rieb JT, Chaplin-Kramer R, Daily GC, Armsworth PR, Böhning-Gaese K, Bonn A, 
529 et al. When, where, and how nature matters for ecosystem sservices: Challenges for 
530 the next generation of ecosystem service models. BioScience. 2017 Sep;67(9):820–33. 
531 doi:10.1093/biosci/bix075

532 30. Potschin M, Haines-Young R. Landscapes, sustainability and the place-based 
533 analysis of ecosystem services. Landsc Ecol. 2013 Jul;28(6):1053–65. 
534 doi:10.1007/s10980-012-9756-x

535 31. Fernández Portela J, Esteban Rodríguez S. Classification of the traditional wine-
536 growing landscape of Castilla y León in the pictorial work of regional artists since the 
537 mid-20th century. Ería. 2022 May 22;55–71. doi:10.17811/er.2022.2022.55-71

538 32. Lovell ST, DeSantis S, Nathan CA, Olson MB, Ernesto Méndez V, Kominami HC, 
539 et al. Integrating agroecology and landscape multifunctionality in Vermont: An evolving 
540 framework to evaluate the design of agroecosystems. Agric Syst. 2010 
541 Jun;103(5):327–41. doi:10.1016/j.agsy.2010.03.003

542 33. Tilman D, Fargione J, Wolff B, D’Antonio C, Dobson A, Howarth R, et al. 
543 Forecasting Agriculturally Driven Global Environmental Change. Science. 2001 Apr 
544 13;292(5515):281–4. doi:10.1126/science.1057544

545 34. Blanco‐Canqui H, Shaver TM, Lindquist JL, Shapiro CA, Elmore RW, Francis CA, 
546 et al. Cover crops and ecosystem services: Insights from studies in temperate soils. 
547 Agron J. 2015 Nov;107(6):2449–74. doi:10.2134/agronj15.0086

548 35. Organisation International de la Vigne et du Vin (OIV). State of the world vine and 
549 wine sector in 2022; 2022. Report No.

550 36. Junta de Castilla y León. Monthly consultation of agricultural and livestock statistics 
551 [Internet]. 2024. Report No. Available from: 
552 https://consultas.ayg.jcyl.es/obpe/ObpeConsultaMensual.ayg?cProductoId=63000

553 37. Ministerio de Agricultura, Pesca y Alimentación. Datos de las Denominaciones de 
554 Origen Protegidas de Vinos (DOPs). Campaña 2021/2022. [Internet]. 2023. Report No. 
555 Available from: 
556 https://www.mapa.gob.es/dam/mapa/contenido/alimentacion/temas/calidad-
557 agroalimentaria/2017-calidad-diferenciada/2-etgs--especialidades-tradicionales-

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

https://consultas.ayg.jcyl.es/obpe/ObpeConsultaMensual.ayg?cProductoId=63000
https://www.mapa.gob.es/dam/mapa/contenido/alimentacion/temas/calidad-agroalimentaria/2017-calidad-diferenciada/2-etgs--especialidades-tradicionales-garantizadas/datos-estadisticos/vinos-con-dop--campanas-2000-2023/informedops2021-2022.pdf
https://www.mapa.gob.es/dam/mapa/contenido/alimentacion/temas/calidad-agroalimentaria/2017-calidad-diferenciada/2-etgs--especialidades-tradicionales-garantizadas/datos-estadisticos/vinos-con-dop--campanas-2000-2023/informedops2021-2022.pdf
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


558 garantizadas/datos-estadisticos/vinos-con-dop--campanas-2000-
559 2023/informedops2021-2022.pdf

560 38. Instituto Nacional de Estadística (INE). Índice de precios de consumo armonizado 
561 (IPCA). [Internet]. Report No. Available from: 
562 https://www.ine.es/jaxiT3/Datos.htm?t=23706

563 39. Williams JN, Morandé JA, Vaghti MG, Medellín-Azuara J, Viers JH. Ecosystem 
564 services in vineyard landscapes: a focus on aboveground carbon storage and 
565 accumulation. Carbon Balance Manag. 2020 Dec;15(1):23. doi:10.1186/s13021-020-
566 00158-z

567 40. Blanco‐Canqui H, Shaver TM, Lindquist JL, Shapiro CA, Elmore RW, Francis CA, 
568 et al. Cover Crops and Ecosystem Services: Insights from Studies in Temperate Soils. 
569 Agron J. 2015 Nov;107(6):2449–74. doi:10.2134/agronj15.0086

570 41. Winter S, Bauer T, Strauss P, Kratschmer S, Paredes D, Popescu D, et al. Effects 
571 of vegetation management intensity on biodiversity and ecosystem services in 
572 vineyards: A meta‐analysis. Manning P, editor. J Appl Ecol. 2018 Sep;55(5):2484–95. 
573 doi:10.1111/1365-2664.13124

574 42. Williams JN, Morandé JA, Vaghti MG, Medellín-Azuara J, Viers JH. Ecosystem 
575 services in vineyard landscapes: a focus on aboveground carbon storage and 
576 accumulation. Carbon Balance Manag. 2020 Dec;15(1):23. doi:10.1186/s13021-020-
577 00158-z

578 43. Payen FT, Sykes A, Aitkenhead M, Alexander P, Moran D, MacLeod M. Predicting 
579 the abatement rates of soil organic carbon sequestration management in Western 
580 European vineyards using random forest regression. Clean Environ Syst. 2021 
581 Jun;2:100024. doi:10.1016/j.cesys.2021.100024

582 44. Payen FT, Sykes A, Aitkenhead M, Alexander P, Moran D, MacLeod M. Soil 
583 organic carbon sequestration rates in vineyard agroecosystems under different soil 
584 management practices: A meta-analysis. J Clean Prod. 2021 Mar;290:125736. 
585 doi:10.1016/j.jclepro.2020.125736

586 45. Zumkeller M, Yu R, Torres N, Marigliano LE, Zaccaria D, Kurtural SK. Site 
587 characteristics determine the effectiveness of tillage and cover crops on the net 
588 ecosystem carbon balance in California vineyard agroecosystems. Front Plant Sci. 
589 2022 Nov 21;13:1024606. doi:10.3389/fpls.2022.1024606

590 46. Galati A, Crescimanno M, Gristina L, Keesstra S, Novara A. Actual provision as an 
591 alternative criterion to improve the efficiency of payments for ecosystem services for C 
592 sequestration in semiarid vineyards. Agric Syst. 2016 May;144:58–64. 
593 doi:10.1016/j.agsy.2016.02.004

594 47. Jarecki MK, Lal R. Crop Management for Soil Carbon Sequestration. Crit Rev Plant 
595 Sci. 2003 Oct;22(6):471–502. doi:10.1080/713608318

596 48. United Nations (UN). System of Environmental-Economic Accounting 2012 Central 
597 Framework. United Nations European Union Food and Agriculture Organization of the 
598 United Nations International Monetary Fund Organisation for Economic Co-operation 
599 and Development The World Bank; 2014. Report No.

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

https://www.mapa.gob.es/dam/mapa/contenido/alimentacion/temas/calidad-agroalimentaria/2017-calidad-diferenciada/2-etgs--especialidades-tradicionales-garantizadas/datos-estadisticos/vinos-con-dop--campanas-2000-2023/informedops2021-2022.pdf
https://www.mapa.gob.es/dam/mapa/contenido/alimentacion/temas/calidad-agroalimentaria/2017-calidad-diferenciada/2-etgs--especialidades-tradicionales-garantizadas/datos-estadisticos/vinos-con-dop--campanas-2000-2023/informedops2021-2022.pdf
https://www.ine.es/jaxiT3/Datos.htm?t=23706
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


600 49. Trading Edonomics. Carbon [Internet]. Report No. Available from: 
601 https://tradingeconomics.com/commodity/carbon

602 50. Gollier C. Pricing the planet’s future: the economics of discounting in an uncertain 
603 world. Princeton: Princeton University Press; 2013. 232 p.

604 51. Interagency Working Group on Social Cost of Carbon (IWG). Technical update of 
605 the social cost of carbon for regulatory impact analysis under Executive Order 12866. 
606 [Technical Support Document.]. 2016. Report No.

607 52. Stern NH, Great Britain, editors. The economics of climate change: the Stern 
608 review. Cambridge, UK ; New York: Cambridge University Press; 2007. 692 p.

609 53. Bordoni M, Meisina C, Vercesi A, Bischetti GB, Chiaradia EA, Vergani C, et al. 
610 Quantifying the contribution of grapevine roots to soil mechanical reinforcement in an 
611 area susceptible to shallow landslides. Soil Tillage Res. 2016 Nov;163:195–206. 
612 doi:10.1016/j.still.2016.06.004

613 54. Durán Zuazo VH, Rodríguez Pleguezuelo CR. Soil-erosion and runoff prevention 
614 by plant covers. A review. Agron Sustain Dev. 2008 Mar;28(1):65–86. 
615 doi:10.1051/agro:2007062

616 55. Dabney SM, Delgado JA, Reeves DW. Using winter cover crops to improve soil 
617 and water quality. Commun Soil Sci Plant Anal. 2001 Apr 30;32(7–8):1221–50. 
618 doi:10.1081/CSS-100104110

619 56. Hartwig NL, Ammon HU. Cover crops and living mulches. Weed Sci. 2002 
620 Nov;50(6):688–99. doi:10.1614/0043-1745(2002)050%5B0688:AIACCA%5D2.0.CO;2

621 57. Polge De Combret ‐ Champart L, Guilpart N, Mérot A, Capillon A, Gary C. 
622 Determinants of the degradation of soil structure in vineyards with a view to conversion 
623 to organic farming. Soil Use Manag. 2013 Dec;29(4):557–66. doi:10.1111/sum.12071

624 58. Biddoccu M, Guzmán G, Capello G, Thielke T, Strauss P, Winter S, et al. 
625 Evaluation of soil erosion risk and identification of soil cover and management factor 
626 (C) for RUSLE in European vineyards with different soil management. Int Soil Water 
627 Conserv Res. 2020 Dec;8(4):337–53. doi:10.1016/j.iswcr.2020.07.003

628 59. Ruiz-Colmenero M, Bienes R, Eldridge DJ, Marques MJ. Vegetation cover reduces 
629 erosion and enhances soil organic carbon in a vineyard in the central Spain. CATENA. 
630 2013 May;104:153–60. doi:10.1016/j.catena.2012.11.007

631 60. Maes J, Grizzetti B, Zurbaran M, La Notte A. INCA - Water Purification [Internet]. 
632 European Commission, Joint Research Centre; 2019 [cited 2026 Mar 23]. Available 
633 from: https://data.jrc.ec.europa.eu/dataset/e32d63d1-dca8-4470-9775-62ad6cd79eca

634 doi:10.2905/JRC.CDZ650G

635 61. Farrell C, Coleman L, Kelly-Quinn M, Obst C, Eigenraam M, Norton D, et al. 
636 Applying the System of Environmental Economic Accounting-Ecosystem Accounting 
637 (SEEA-EA) framework at catchment scale to develop ecosystem extent and condition 
638 accounts. One Ecosyst. 2021 Apr 28;6:e65582. doi:10.3897/oneeco.6.e65582

639 62. Ferrero A, Usowicz B, Lipiec J. Effects of tractor traffic on spatial variability of soil 
640 strength and water content in grass covered and cultivated sloping vineyard. Soil 
641 Tillage Res. 2005 Dec;84(2):127–38. doi:10.1016/j.still.2004.10.003

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

https://tradingeconomics.com/commodity/carbon
https://data.jrc.ec.europa.eu/dataset/e32d63d1-dca8-4470-9775-62ad6cd79eca
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


642 63. Novara A, Minacapilli M, Santoro A, Rodrigo-Comino J, Carrubba A, Sarno M, et al. 
643 Real cover crops contribution to soil organic carbon sequestration in sloping vineyard. 
644 Sci Total Environ. 2019 Feb;652:300–6. doi:10.1016/j.scitotenv.2018.10.247

645 64. Gonçalves F, Carlos C, Aranha J, Torres L. Does habitat heterogeneity affect the 
646 diversity of epigaeic arthropods in vineyards? Agric For Entomol. 2018 Aug;20(3):366–
647 79. doi:10.1111/afe.12270

648 65. García-Izquierdo I, Colino-Rabanal VJ, Tamame M, Rodríguez-López F. Microbiota 
649 Ecosystem services in vineyards and wine: A review. Agronomy. 2024 Jan 4;14(1):131. 
650 doi:10.3390/agronomy14010131

651 66. Coelho CT. Outdoor Recreation and Agritourism Experiences: A Contribution to 
652 Tourism Sustainability and Development [Master’s]. PQDT - Global [Internet]. 
653 [Portugal]: Universidade do Algarve (Portugal); 2022. Located at: ProQuest One 
654 Academic; 3110360370. Available from: https://www.proquest.com/dissertations-
655 theses/outdoor-recreation-agritourism-experiences/docview/3110360370/se-
656 2?accountid=17252

657 67. European Commission. Joint Research Centre. Nature-based tourism accounting. 
658 [Internet]. LU: Publications Office; 2024 [cited 2026 Mar 23]. Available from: 
659 https://data.europa.eu/doi/10.2760/762803

660 68. Barber N, Taylor DC, Deale CS. Wine Tourism, Environmental Concerns, and 
661 Purchase Intention. J Travel Tour Mark. 2010 Mar 2;27(2):146–65. 
662 doi:10.1080/10548400903579746

663 69. Gan Q, Liao L, Kang X, Xu Z, Fu T, Cao Y, et al. Cultural ecosystem services and 
664 disservices in protected areas: Hotspots and influencing factors based on tourists’ 
665 digital footprints. Ecosyst Serv. 2024 Dec;70:101680. 
666 doi:10.1016/j.ecoser.2024.101680

667 70. ACEVIN. [Internet]. 2022. Report No. Available from: 
668 https://wineroutesofspain.com/wp-content/uploads/2023/06/informe-visitas-a-bodegas-
669 y-museos-rve-2022.pdf

670 71. Winkler KJ, Nicholas KA. More than wine: Cultural ecosystem services in vineyard 
671 landscapes in England and California. Ecol Econ. 2016 Apr;124:86–98. 
672 doi:10.1016/j.ecolecon.2016.01.013

673 72. Edens B, Maes J, Hein L, Obst C, Siikamaki J, Schenau S, et al. Establishing the 
674 SEEA Ecosystem Accounting as a global standard. Ecosyst Serv. 2022 Apr;54:101413. 
675 doi:10.1016/j.ecoser.2022.101413

676 73. Candiago S, Winkler KJ, Giombini V, Giupponi C, Egarter Vigl L. An ecosystem 
677 service approach to the study of vineyard landscapes in the context of climate change: 
678 a review. Sustain Sci. 2023 Mar;18(2):997–1013. doi:10.1007/s11625-022-01223-x

679 74. Winkler KJ, Viers JH, Nicholas KA. Assessing ecosystem services and 
680 multifunctionality for vineyard systems. Front Environ Sci. 2017 Apr 21;5:15. 
681 doi:10.3389/fenvs.2017.00015

682 75. Bagstad KJ, Balbi S, Adamo G, Athanasiadis IN, Affinito F, Willcock S, et al. 
683 Interoperability for ecosystem service assessments: Why, how, who, and for whom? 
684 Ecosyst Serv. 2025 Apr;72:101705. doi:10.1016/j.ecoser.2025.101705

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

https://www.proquest.com/dissertations-theses/outdoor-recreation-agritourism-experiences/docview/3110360370/se-2?accountid=17252
https://www.proquest.com/dissertations-theses/outdoor-recreation-agritourism-experiences/docview/3110360370/se-2?accountid=17252
https://www.proquest.com/dissertations-theses/outdoor-recreation-agritourism-experiences/docview/3110360370/se-2?accountid=17252
https://data.europa.eu/doi/10.2760/762803
https://wineroutesofspain.com/wp-content/uploads/2023/06/informe-visitas-a-bodegas-y-museos-rve-2022.pdf
https://wineroutesofspain.com/wp-content/uploads/2023/06/informe-visitas-a-bodegas-y-museos-rve-2022.pdf
http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


685 76. Drakou EG, Crossman ND, Willemen L, Burkhard B, Palomo I, Maes J, et al. A 
686 visualization and data-sharing tool for ecosystem service maps: Lessons learnt, 
687 challenges and the way forward. Ecosyst Serv. 2015 Jun;13:134–40. 
688 doi:10.1016/j.ecoser.2014.12.002

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/


Table 1. Vineyard template: value-determinant logic chains for monetized ecosystem 

services.

Ecosystem service 
(subtype)

Supply-side determinants 
(Nature)

Supply-side determinants 
(Management)

Demand-side 
determinants

Unit price

Crop provisioning 
services

Vine age; variety; plant health; 
soil properties; climate 

(precipitation, temperature)(24)

Vine density and plantation 
system; soil management 

practices (e.g., conventional 
tillage, green cover, no-tillage, 

organic amendments); irrigation; 
natural edges; agricultural 

inputs(24,25,34)

Wine production(35,36) Market valuation of 
AO wines(37,38)

Global climate 
regulation services

Vine age; variety (leaf area 
index); plant health; soil C 
concentration; soil fertility; 

climate(39)

Vine density; soil management 
practices (tillage/cover/no-tillage, 
amendments); irrigation; natural 
edges; agricultural inputs(40–47)

Carbon sequestration 
demand(3,48)

Carbon market 
prices(49–52)

Soil & sediment 
retention (soil 

erosion control)

Vine age; variety; plant health; 
rainfall pattern; soil erodibility; 

slope; slope length(53,54)

Vine density; soil management 
practices (tillage/cover/no-tillage, 
mulching, amendments, pruning 

residues); tillage orientation; 
irrigation; soil 

conditioners(40,41,45,55–59)

Demand for 
agricultural/wood 

biomass; location of 
managed water bodies 

at risk from 
sedimentation(60,61)

GDP per capita(3,38)

Water purification 
(water quality 
amelioration)

Vine age; variety; plant health; 
rainfall pattern; soil erodibility; 

slope; slope length(45)

Vine density/plantation system; soil 
management (tillage/cover/no-
tillage, residues, amendments), 

irrigation; soil 
conditioners(40,55,56,58,59,62,63)

Demand for cleaner 
water for different 

uses(60,61)

GDP per capita(3,38)

Recreation-related 
services

Landscape quality; 
biodiversity; water and air 

quality(64,65)

Accessibility and site 
management; recreational 

forestry/green infrastructure; 
integration with planning(66,67)

Accessibility; location of 
users; demand for 

outdoor recreation(68–
70)

GDP per capita; 
“uniqueness”(38,67,7

1)
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Table 2. Monetary ecosystem service valuation in vineyards of Castilla y León by 

Appellation of Origin (AO) (EUR, 2023).

AO Area_ha Provisioning Regulating and Maintenance Cultural Total_EUR Total_EUR_yr

Climate 
regulation Soil erosion Water 

purification

Arlanza 314 405.4 290.1 27.9 – 1,120.4 2 - 37.3 347.9 1,242.8 390,264.4

Arribes 294 283.8 290.1 23.6 - 945.2 2.6 - 33 253.3 1,041.1 306,100.8

Bierzo 225 405.4 290.1 12.7 – 1,336.4 10.9 - 148.6 79.8 1,111.1 250,013.2

Cigales 1894 270.3 290.1 12.3 - 803.3 2.5 - 6.6 84.6 769.7 1,457,900.5

Ribera del 
Duero 25,568 601.3 290.1 11.3 – 3,685.8 1.3 - 34.8 232.5 1,368.1 34,979,561.3

Rueda 20,724 277.0 290.1 4.4 - 673.7 1.4 - 14.3 41 671.5 13,916,228.6

Sierra 
Salamanca 122 337.8 290.1 50.9 – 2,746.7 6.7 - 96 610.3 1,943.8 237,144.6

Tierra del Vino 
Zamora 604 297.3 290.1 18.2 - 310.4 1.9 - 6.2 123.3 806.1 486,927.6

Tierras de 
León 1,225 371.6 290.1 3.7 - 408 1.5 - 13.7 60.8 803.7 984,642.0

Toro 5,389 432.4 290.1 4.9 - 733.8 2.1 - 25.8 280.4 1,101.1 5,934,339.6

Valles 
Benavente 155 304.0 290.1 11.4 - 724.9 0.8 - 67.1 480.4 1,198.3 185,740.7

Valtiendas 100 540.5 290.1 16.2 - 724.9 3.2 - 17.2 744.6 1,752.6 175,269.3

Not an AO 24,399 270.3 290.1 9.7- 2,397.16 1.26 -168.8 3.1 866.9 21,152,636.1

Total       14,677.4 80,456,769.2
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Table 3. Example of valuation workflows and determinant coverage disclosure for 

monetized services (carbon sequestration vineyard demonstration). In red, 

determinants represented in AO valuations; in blue, determinants also represented for 

the ten vineyard valuations (and not for the AO valuations).

SEEA 
(Subtypes) Economic valuation

Determinants that define 
availability of the ecosystem 

service

Determinants that 
characterize demand

 
Valuation 
method 

(SEEA EA)

Proxy 
method

Spatial 
resolution

Economic 
valuation 

(Mean 
EUR ha-1 

yr-1)

Factors 
included 

in the 
proxy 

method

Ecosystem 
service 
physical 
metric

Natural 
determinants

Management 
determinants

Use 
determinants

Unit price 
determinants

Global 
climate 

regulation 
services

Methods 
where the 
price for 

the 
ecosystem 
service is 
directly 

observable: 
Direct 

observed 
values

SOC 
rate 
and 

carbon 
market 
prices

Vineyard 290 EUR 
ha-1 yr-1

SOC 
rate; 

Emission 
price

Net carbon 
balance in 

t C eq

vine age, 
variety 

(different leaf 
area index), 

plant health, C 
concentration 

in soil, soil 
fertility, climate 
(precipitation, 
temperature)

Vine density 
and plantation 
system; Soil 

management 
practices: type 
(conventional 
tillage, green 
cover*, no-

tillage, organic 
amendments), 

coverage, 
characteristics, 
years applied; 

rainfed/irrigated; 
natural edges; 

agricultural 
inputs

Carbon 
sequestration 

capacity

Carbon 
market 
prices
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Table 4. Impact of valuation-boundary refinement on monetary outcomes: Contrasting 

regional proxy-based estimates with field-verified valuations. Note: CC: cover crop; C: 

conventional management.

ID AO Management Climate Regulation (€/ha) Erosion control (€/ha)

   Regional 
(Proxy)

Refined 
(Local)

Regional 
(Proxy)

Refined 
(Local)

V01 Arribes CC 290 368,8 213,59 250,46

V02 Arribes C 290 290 93,38 93,38

V03 R. Duero CC 290 368,8 65,41 76,7

V04 R. Duero C 290 290 240,83 240,83

V05 R. Duero C 290 290 31,84 31,84

V06 Rueda CC 290 368,8 21,32 25

V07 Rueda C 290 290 62,03 62,03

V08 Rueda C 290 290 17,17 17,17

V09 Toro CC 290 368,8 93,98 110,2

V10 Toro C 290 290 26,6 26,6
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Figure 1. Workflow of the reporting framework. A reusable ecosystem-specific 

template provides a service catalogue and service-specific logic chains listing value 

determinants on the supply and demand sides. A data-driven valuation produces 

monetary estimates using opportunistic evidence and standard valuation settings. The 

overlay maps each valuation workflow onto the template to disclose determinant 

coverage and key omissions, yielding a valuation-boundary profile reported alongside 

monetary estimates.  
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