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 19 

Abstract 20 

Forests are vital for outdoor recreation, benefiting mental, physical, and social well-being. However, while 21 

the importance of forest structure in supporting biodiversity and ecosystem functions is well-22 

documented, research on its relationship with Cultural Ecosystem Services remains limited. Our study 23 

addresses this gap by estimating the aggregate annual recreational benefits provided by forests and 24 

investigating the link between forest complexity and Cultural Ecosystem Services provision. We conducted 25 

a large-scale preference survey across 12 European countries (Austria, Belarus, Bulgaria, Czechia, 26 

Denmark, France, Germany, Poland, Romania, Scotland, Slovakia, and Switzerland), involving 11,622 27 

respondents. Our findings reveal significant positive correlations between forest complexity and 28 

satisfaction from forest visits. Preferences for older stands with diverse tree species and greater structural 29 

complexity were strongly evident across all surveyed countries. Moreover, forests with more complex 30 

structures were associated with higher annual visitation frequencies, highlighting the importance of forest 31 

quality in driving recreational engagement. 32 
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Introduction  43 

The relationship between people and nature is a key driver for the implementation of sustainability 44 

policies and biodiversity conservation planning1. This relationship is rooted in cultural identities and 45 

individual and collective values such as care and stewardship2, as well as in benefits to people such as 46 

positive experiences and good health3–6. Many individuals perceive nature experiences as beneficial for 47 

cognitive development, emotional enrichment, and physical and psychological health7–13. Frequent 48 

contacts with nature have been linked to positive perceptions of wellbeing and pro-environmental 49 

behaviours, which are essential for achieving sustainability targets14.  50 

Forests are among the most popular destinations for outdoor recreation, offering natural stimuli and 51 

sensory experiences with positive impacts on mental, physical, and social well-being15–18. These benefits 52 

entail important non-material contributions to people and potential to restoring connections with 53 

nature19. It is widely accepted that the provision of many ecosystem services relies on habitat structure, 54 

for example, more complex forest structures are increasingly recognized as having higher ability to 55 

support biodiversity20–25, ecosystem stability21,26,27, adaptability and resilience26,28–30, forest productivity31–56 
34 and carbon storage capacity35,36 to only name a few. In addition to these critical services forests also 57 

provide non-material, including the potential to experience nature. Yet, despite the extensive work on 58 

linking forest complexity, their functions and the provision of the tangible ecosystem services, there is 59 

limited research on the relationship between habitat structures and the provision of Cultural Ecosystem 60 

Services (CES) 37–40. 61 

When studying the connection between forest structure and ecosystem services, it is essential to establish 62 

quantifiable indicators that relate ecological structures with functions and ecosystem provision. The 63 

concept of forest complexity is very useful in this regard, as it allows the decomposition of habitat 64 

structures into observable and measurable attributes41. Forest structural complexity is defined as a 65 

measure of the number of different attributes present and the relative abundance of each of these 66 

attributes41. In studying the link between forest structural complexity and the provision of CES we focus 67 

on forest structural attributes known to be associated with ecological integrity and the potential to 68 

maintain biodiversity, including: forest type, tree species richness, tree height, stand age vertical structure 69 

and presence of deadwood. At the same time it should be possible to operationalize these attributes in 70 

visitor preference surveys20,21,23,41,42.  71 
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Existing research on linking forests structures to wellbeing comes from preference studies, with the main 72 

focus on recreation. These studies either target experts, concentrate on a restricted range of forest 73 

structural attributes, or have a narrow geographical scope43–45. In parallel to the preference studies there 74 

is also a growing body of evidence indicating that the exposure to forests has positive both physical and 75 

mental health outcome6,15–18. Yet, the evidence on the link between forest structures and exposure to 76 

nature is lacking. 77 

Our study aims to contribute to filling this gap by firstly examining the magnitude of recreational benefits 78 

from forest recreation and secondly by investigating the relationship between forest complexity and the 79 

provision of CES. Our specific research questions are: (1) What are the aggregated national recreational 80 

benefits provided by forests? and (2) Does satisfaction from visiting forests and exposure to forests, 81 

measured by the number of forest visits people make, depend on forest complexity? 82 

To address these questions, we developed a large-scale preference survey. The standardized survey 83 

instrument was conducted on nationally representative samples from 12 European countries (Austria, 84 

Belarus, Bulgaria, Czechia, Denmark, France, Germany, Poland, Romania, Scotland, Slovakia, and 85 

Switzerland), involving 11,622 respondents in total.  86 

 87 

Approach  88 

The analysis is composed of two main parts. The first part is rooted in the Travel Cost Method (TCM)46 and 89 

aims to estimate the national recreational benefits provided by forests. To achieve this, we estimated the 90 

value per average forest visit (consumer surplus per person/trip) and calculated the total number of forest 91 

visits made in each of the studied countries over a one-year period. To avoid confounding recreational 92 

benefits with other benefits, we focused solely on one-day, single-purpose forest visits, providing a 93 

conservative estimate of forest recreational benefits at the national level. 94 

In the second part we test the main hypothesis of our paper that people's satisfaction with forest visits 95 

and the frequency of visits are positively correlated with forest complexity. To test our hypothesis, we 96 

developed a preference survey comprising Revealed (RP) and Stated Preference (SP) sections, as 97 

illustrated in Figure 1. 98 
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 99 

Fig. 1. Methodological Framework. In the Revealed Preference section, respondents provided details of their latest 100 
forest visit, enabling the estimation of average consumer surplus per forest trip. Through visual aids, respondents 101 
delineated the characteristics of the last forest visit, facilitating an exploration of the correlation between these 102 
traits and visit frequency. In the Stated Preference part, respondents chose between their most recent forest visit 103 
and two hypothetical forests, each differing in characteristics and travel distances. These choices formed the basis 104 
for estimating the Willingness to Travel for forest characteristics. 105 

 106 

The questionnaire consisted of four parts. In the first part, respondents provided information about their 107 

last visited forest, including its location, travel distance, number of visits, and the activities undertaken 108 

there. This information was used to estimate country-specific recreational benefits. 109 

In the second part, respondents described the perceived structural features of their last visited forest 110 

using visual aids, which ranged from plantation-like to close-to-natural stands. This information was later 111 

used to visualize the forests in the Discrete Choice Experiment (DCE) section and to explore the link 112 

between forest structures and the number of visits with marginal effect (i.e., additional visits due to 113 

changes in forest characteristics) serving as an indicator. 114 

 115 
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In the third part, participants engaged in a Discrete Choice Experiment (DCE), where they compared their 116 

most recent forest visit to two hypothetical forests with differing characteristics and travel distances. To 117 

ensure the survey closely reflected actual behaviour, participants were instructed to choose their 118 

preferred forest for their next trip within the same context and motivations as their last described forest 119 

visit. Using discrete choice models, we estimated the Willingness to Travel (WTT), expressed in kilometres, 120 

for each attribute level, representing the maximum distance individuals would be willing to travel to visit 121 

a forest with specific characteristics. In economic terms, WTT is a measure of the utility (satisfaction) 122 

individuals derive from visiting forests with given characteristics. This satisfaction may extend beyond 123 

immediate enjoyment from experiencing nature and may offer longer-term benefits, including stress 124 

relief, relaxation, and positive health outcomes, among others8,13,18,47, which we collectively term as 125 

benefits contributing to well-being (Figure 1). 126 

 127 

Finally, in the fourth part, we validated the SP and RP results through direct preference assessment in a 128 

subset of countries in which respondents were asked to choose the most and least preferred levels for 129 

each forest attribute. 130 

 131 

Patterns in outdoor forest recreation 132 

In all studied countries but Romania, the share of individuals who embarked on at least one forest visit 133 

primarily driven by recreational motives in the last 12 months was larger than 70% (Fig. 2b) indicating that 134 

forests play a significant role for outdoor recreation. We also see that the studied countries vary largely 135 

in the average number of annual visits spanning from 9 in Belarus to 55 in Switzerland (Fig. 2b), with a 136 

higher frequency of forest visits being reported in Western-Central Europe. We also find a substantial 137 

degree of heterogeneity in the average distances of the last visited forests, with values ranging from 6 138 

kilometres in Switzerland to 29 kilometres in Scotland (round trip). Such pronounced disparities may 139 

indicate substantial differences among the surveyed countries in terms of forest availability that meets 140 

people’s expectations for recreation.  141 

The choice of transportation mode is closely linked to the distance required to reach the forest. Walking 142 

or biking (see Fig. 2b) are popular choices for short-distance trips, with the percentage of respondents 143 

using these modes ranging from 14% in Belarus to 62% in Switzerland (with an average of 36% across all 144 

countries). Importantly, individuals who stated walking or biking to the last visited forest had a 145 

significantly higher number of visits in the last 12 months (18.2 visits/year compared to 7.2 visits/year to 146 

respondents who travelled by car). Consequently, although constituting only 36% of respondents, this 147 
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group accounted for 60% of all reported forest visits in our sample, varying from 22% in Belarus to 78% in 148 

Switzerland.  149 

Forest visits encompass a variety of outdoor activities like dog-walking, sports (such as running, cycling, 150 

cross-country skiing, and horseback riding), outings with children, and gathering mushrooms and berries. 151 

Our study reveals regional differences in activity popularity, especially with collecting mushrooms and 152 

berries, which are prevalent in Central-Eastern Europe but limited in Western Europe (Fig. 2c). This 153 

highlights cultural variations in forest use motivations across surveyed countries, showing how cultural 154 

nuances shape preferences and activities in forest environments. Regional activity differences in forests 155 

underscore the intricate influence of cultural norms, societal practices that may shape the links between 156 

people and nature, which is in line with the Nature’s Contribution People conceptual framework48. 157 

Understanding these cultural nuances is essential for crafting sustainable forest management strategies 158 

and conservation efforts which. For example, in Poland, concerns about new conservation areas often 159 

stem from fears of restricted forest access and/or bans on mushroom and berry collection49,50. 160 

In most countries surveyed, the primary motivations for recent forest visits among the respondents were 161 

walking and appreciating nature (Fig. 2c). Remarkably, in all examined countries, except for Belarus, this 162 

inclination toward nature appreciation was chosen by over half of the respondents, nearly matching the 163 

frequency of walking itself. These results underscore that forests go beyond being mere walking spaces; 164 

they hold a crucial role in cultivating a connection between people and nature. These findings suggest a 165 

potential synergy between achieving conservation objectives and providing intangible benefits to visitors, 166 

highlighting the pivotal role of forests in fostering both ecological preservation and human well-being.  167 

 168 

 169 

 170 

 171 

 172 
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Fig. 2. Recreational Use of Temperate Forests in Europe. a) Geographic Distribution of Study Participants: Spanning 173 
12 countries, with nationally representative samples ranging from N=863 to 1016 respondents per country, totalling 174 
11,622 respondents. b) Overview of Forest Recreational Use: Summary statistics. c) Primary Motivations for Forest 175 
Visitation (multiple options were available). 176 

 177 

 178 
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Value and significance of recreation in forests 179 

Recognizing the importance of ecosystem services for human well-being has sparked interdisciplinary 180 

debates on estimating their economic value51–53, leading to two main approaches: welfare economics and 181 

accounting practices, emphasizing exchange value54,55. Due to the absence of observable market prices 182 

for forest recreation, the use of market price equivalents is recommended54. The travel cost is considered 183 

the closest proxy for valuing forest visits using the exchange value approach54,56. Since time is a scarce 184 

resource, welfare indicators account for the value of travel time alongside travel cost46. Therefore, CS was 185 

produced in two variants: with and without the value of time. In essence, we examined the recreational 186 

value from two different perspectives: accounting practice (incurred cost) and welfare economics (CS).  187 

Figure 3 presents the indicators of recreational benefits provided by forests. They are expressed as: 188 

value/trip (Figure 3a-3b), value/person/year (Figure 3c-3d), and value/ha/year (Figure 3e-3f) in 2017 189 

prices. When the recreational trips are evaluated at the incurred cost, the value varies from 190 

0.47€/person/trip for Czechia to 2.72€/person/trip for Scotland (Figure 3a). This translates to benefits 191 

ranging from 4 to 52€/person/year (Figure 3c) or to 3-172 when expressed in €/ha/year (Figure 3e). Much 192 

higher values are noted when CS is used as an indicator of recreational benefits. In this case, the value 193 

varies between 2.7 in Czechia and 9.1€/person/trip for Scotland (Figure 3c). After including VTT into the 194 

travel cost, the CS ranges from 3.8€/person/trip in Belarus to 12.2€/trip/person for France (Figure 3d). 195 

This corresponds to the values ranging between 26€/person/year for Belarus to 453€/person/year for 196 

Denmark (Figure 3e).  197 

For a comprehensive assessment of the extent of recreational benefits, we also offer a comparison 198 

between these benefits and the country-specific gross value-added of forestry57 (GVA), considering that 199 

timber represents the most tangible marketed forest ecosystem service. When all forest visits, including 200 

walking and biking trips, are evaluated based on the cost of driving, which can be considered the most 201 

conservative approach, the ratio of recreational benefits to GVA ranges from 0.10 in Czechia to 0.68 in 202 

Switzerland (Figure 3c). The mean across the studied countries is 0.31, and this ratio becomes larger than 203 

GVA in most countries when recreational benefits are assessed using CS (Figure 3d). 204 

Valuing recreational benefits is challenging due to the lack of market transactions, especially for forest 205 

visits on foot or by bicycle. Using car-based proxies for these trips results in low values due to their short 206 

distances. Switzerland illustrates this issue well. About 78% of all Swiss forest visits are on foot or by bike, 207 

indicating the proximity of forests that meet people’s expectations to residential areas. 208 
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However, valuing these trips based on actual incurred costs gives Switzerland one of the lowest 209 

recreational values per person among the studied countries, at 0.35€/person/trip (or 17€/person/year; 210 

see Supplementary Materials for detailed results). This increases to 0.72€/person/trip (or 211 

36€/person/year) when using car travel costs as proxies for foot/bike trips (Figure 3a and 3c). Thus, a 212 

discrepancy arises: despite highest forest visit rates among the studied countries, Switzerland has 213 

relatively low recreational benefits due to the high share of walking/biking trips. 214 

This example highlights that relying on car-based proxies is likely to undervalue walking/biking trips. A 215 

possible solution could be to evaluate all trips using the CS indicator, as there are no reasons why car trips 216 

for short visits should hold higher recreational value than walking/biking trips, especially given the 217 

negative externalities of car trips versus the positive benefits of walking/biking58. 218 

 219 

 220 

 221 

 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 
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Note: AT: Austria; BY: Belarus; CH: Switzerland; CZ: Czechia; DE: Germany; DK: Denmark; FRA: France; PL: Poland; SK: Slovakia; 235 
SCO: Scotland; RO: Romania; BG: Bulgaria 236 



12 
 

Fig 3. Country-specific indicators of recreational benefits provided by forests. (a) Expressed as Travel Costs with 237 
and without Value of Travel Time per person/trip, (b) CS with and without Value of Travel Time per person/trip. (c) 238 
Travel Costs/person/year compared with gross value added generated by the forestry and logging industry 239 
(GVA/person/year), (d) CS with and without Value of Travel Time per person/year (e) Incurred travel cost and GVA 240 
per ha/year, (f) CS with and without Value of Travel Time per ha/year.241 
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The significance of forest structures for recreational benefits  242 

Given the substantial recreational benefits that forests provide, we directed our attention to better 243 

understand the link between forest attributes and the potential to provide recreational benefits. 244 

Preferences for all forest attributes are expressed in kilometres as WTT for DCE results, and in terms of 245 

additional forest visits due to changes in the forest structures in the regression analysis of revealed forest 246 

visitation behaviour. Both sets of results are summarized in Figure 4a and 4b.  247 

Within the defined ranges, tree height has the highest impact on the recreational benefits. For this 248 

attribute we observe a strong positive relationship with WTT, suggesting that the presence of old, tall 249 

trees is a crucial factor attracting people to visit a forest. On average, individuals would be willing to travel 250 

an additional 39 kilometres (roundtrip) to visit a forest with 24-meter-tall trees, with a young forest 251 

composed of 8-meter trees serving as the baseline.  252 

In terms of forest type, mixed forests with four tree species were the most preferred, with a WTT of 33 253 

kilometres, with broadleaved monoculture as the baseline. When comparing forest types composed of 254 

the same number of species (green frame Fig. 4a-4b), mixed forests are preferred over broadleaved, which 255 

in turn are preferred over coniferous stands. Interestingly, this preference relationship between 256 

broadleaved and coniferous reverses when monocultures are compared. Within each forest type, forests 257 

with a larger number of tree species are considered more attractive. This underscores respondents’ strong 258 

preferences for diversity.  259 

The importance of tree layers and the presence of deadwood in the forest is found to be relatively lower 260 

compared to tree height, forest type and number of tree species. Nevertheless, within the studied ranges, 261 

forests with a greater number of tree layers and a higher abundance of deadwood are considered more 262 

attractive, with an increasing rate for tree layers and a decreasing rate for deadwood.  263 

Overall, the results indicate statistically significant and strongly positive preferences for older stands with 264 

more complex forest structures. Despite substantial heterogeneity between countries, this positive 265 

pattern holds across the 12 studied nations (see the Supplementary Materials for detailed results). 266 

 267 

 268 

 269 

 270 

 271 
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 272 

 

 
Fig 4. Visitor Preferences for Forest Structural Attributes. a) Estimated, within the discrete choice experiment 273 
framework, mean willingness to travel (in km) to visit a forest with a given level of forest characteristics relative to 274 
the reference level. b) Estimated marginal effects (additional forest visits) based on a count data model relating the 275 
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number of forest visits to forest characteristics. c) Changes in WTT and in Marginal Additional Visits resulting from 276 
changes in Tree height (12), Tree species composition (23), Age variation (34), Presence of dead wood (45) 277 
and replacing complex forest structure by simplified, homogenous forest in the growing phase (51). 278 
 279 

We also investigated the impact of forest complexity on annual visitation frequency, with the use of 280 

perceived forest characteristics of the last visited forest. To ensure comparability with the DCE, the same 281 

specification for forest characteristics was used. Here, we focus solely on forest characteristics and the 282 

number of visits made by individuals (see the Supplementary Materials for full results).  283 

In terms of direction, the forest characteristics have a similar impact on the number of visits as on WTT. 284 

Specifically, people declared to visit forests with more complex forest structures more often. Results imply 285 

a greater number of visits to mixed forests compared to broad-leaved monocultures, which served as the 286 

baseline. For example, mixed forests consisting of four tree species are associated with an average 287 

increase of 1.94 visits/person/year compared to broadleaved monoculture forests. Moreover, forests 288 

composed mainly of older trees (24m) were visited 1.24 times more per person/year than forests with 289 

predominantly younger trees (8m). 290 

This pattern extends to the number of tree layers and the presence of deadwood. Forests were reported 291 

to be visited more frequently if there were more tree layers and if deadwood was present, with respective 292 

increases of 0.85 and 0.95 visits/person/year compared to the corresponding baselines. These findings 293 

highlight that forest quality not only impacts the benefits derived from a single trip, but also influences 294 

the overall number of trips people make, which links to health as exposure to nature plays a positive role 295 

in providing positive health outcomes6,8,15,16.  296 

One of the most controversial issues in the management of multifunctional forests around the world has 297 

been the simplification of forest structure and composition as a part of intensive wood production59,60. 298 

The type and intensity of disturbances that occur under industrial forestry can deviate dramatically from 299 

those of natural disturbance processes24. Figure 4c illustrates the changes in WTT and the additional 300 

number of forest visits as the forest structures transition from a simplified plantation-like state to a highly 301 

structured, complex phase resembling a close-to-natural stand. This phase features multiple tree layers, 302 

diverse tree species, and the retention of dead wood for natural decay. Additionally, we demonstrate the 303 

resulting change in WTT and the number of forest visits due to the homogeneous stand resulting from 304 

intensive management. 305 

 306 
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Direct assessment of the preferences for the forest structural characteristics 307 

To validate the preference study results, we directly evaluated forest characteristic preferences in a subset 308 

of countries. Participants in Bulgaria, Poland, and Romania apart from completing the standard 309 

questionnaire, were asked to indicate their most and least preferred levels for each forest characteristic. 310 

This process generated a comprehensive preference ranking, as depicted in Figure 5. The findings show a 311 

significant qualitative correspondence with preference estimates derived from the DCE and regression 312 

analysis, confirming the consistent preference for more intricate forest structures. 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 
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 327 

 328 

 329 

 330 
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Fig 5. Validation of preferences for forest structural characteristics in Bulgaria (N=960), Poland (N=1001) and 331 
Romania (968). In green/red the share of respondents who perceived a given level as the most/least attractive. (a) 332 
Forest type (b) Number of tree species (c) Tree age variation (d) Tree height (e) Dead wood. 333 
 334 

 335 
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Policy implications 336 

Europe's forests are presently undergoing a transition due to the direct and indirect effects of climate 337 

change, resulting in significant impacts on forest cover, species composition, and productivity61–63. These 338 

environmental challenges require adjustments in forest management to achieve targets for climate 339 

change mitigation and adaptation, as well as biodiversity conservation64–66. To support these objectives, 340 

the EU is proposing various strategies and policies, including a roadmap to plant at least three billion 341 

additional trees in the EU by 203067. 342 

Forests already cover over 40% of Europe's total land area68. Despite an increase in forest cover over 343 

recent decades, forest-related conflicts persist and are aggravating69–71. These conflicts primarily arise 344 

from the clash between increased societal demand for recreation and the need to conserve forests of high 345 

natural value, juxtaposed with intensive forestry operations70, indicating that forest-related conflicts are 346 

more about forest quality than quantity. Furthermore, forest management is faced with the challenges of 347 

climate change, leading to a higher intensity and frequency of large-scale forest damages with impact on 348 

forest functions and services63,72,73. Thus, European and national policies should better reflect these 349 

aspects in their strategies by going beyond top-down prescriptive initiatives and proactively fostering 350 

bottom-up best practice approaches. 351 

Our study offers valuable insights into this matter. Forest recreation is widely popular across the studied 352 

countries and provides substantial recreational benefits, with nature-oriented motives ranking among the 353 

most prevalent reasons for forest visits. Our findings highlight the significance of a forest's condition, not 354 

only as a habitat for biodiversity but also for human recreation. Forests with more complex structures 355 

provide higher recreational value and attract more visitors. Consequently, intensified forestry operations 356 

resulting in younger, more homogeneous stands negatively impact visitation rates and the benefits 357 

derived from forest experiences. Conversely, managing forests to enhance biodiversity is likely to yield 358 

potential synergies with the provision of CES, as ecosystems with diverse structural components, which 359 

are more attractive to people, typically support greater biodiversity20-25.  360 

Managing forests to optimize multiple objectives simultaneously is challenging, often leading to trade-361 

offs and conflicts among different functions69. Various management regimes yield distinct forest 362 

structures, which in turn influence the provision of ecosystem services74. Our study contributes by offering 363 

quantifiable indicators that correlate with ecological structures, aiding forest management and 364 

conservation planning. By identifying these indicators, managers can better understand how different 365 
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management approaches affect ecosystem services and make more informed decisions to balance 366 

conflicting objectives75.  367 

It’s important to also recognize the limitations of our study. We acknowledge that our use of schematic 368 

graphics aids in visualizing forest stands but may oversimplify real-world complexity. Moreover, we note 369 

the inherent limitations of SP methods, which may suffer from hypothetical bias76. However, these 370 

limitations should not compromise the documented relative importance of forest attributes in providing 371 

CES. Overall, our study contributes to the growing body of knowledge emphasizing forests' pivotal role in 372 

enhancing human well-being. It advocates evidence-based approaches in forest management and 373 

underscores the necessity for coordinated measures aimed at improving European forest quality. 374 

 375 

 376 

 377 

 378 

 379 

 380 

 381 

 382 

 383 
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 385 
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 389 

 390 
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Methods  391 

The results presented in this article are based on the findings of an online survey that we designed and 392 

distributed to explore visitors’ recreation behaviour in forests and preferences for forest characteristics 393 

in 12 European countries with temperate forests. Below, we describe the process of data collection, the 394 

survey instrument, the data preparation and analysis. 395 

 396 

Data collection  397 

The survey was administered online to a representative sample of adult individuals from the general 398 

public across 12 European countries. Renowned market research companies were engaged to recruit 399 

participants through online panels within each country. Voluntary participation was emphasized, and 400 

respondents were informed of their right to withdraw from the survey at any point. Quota-based sampling 401 

methods were employed in all countries to ensure two criteria: a) participants had made at least one 402 

forest visit within the 12 months preceding the survey, and b) the sample reflected the demographic 403 

composition of each country's population, including gender, age, settlement size, education level, and 404 

regional distribution. A copy of the questionnaire is available in the Supplementary Materials. 405 

Data collection took place in 2017 (Austria, Czechia, Denmark, France, Germany, Scotland, Slovakia, and 406 

Switzerland), and in 2022 (Bulgaria, Poland and Romania), following extensive pre-testing and piloting 407 

procedures. The only discrepancy between the 2017 survey and subsequent versions was the inclusion, 408 

in later iterations, of questions asking respondents to specify their most and least preferred levels in 409 

addition to perceived forest characteristics. 410 

The online implementation of all national questionnaires was facilitated through a server owned by Kantar 411 

Millward Brown in Warsaw, Poland, ensuring consistent data collection procedures across all countries. 412 

The survey adhered to the ethical standards set forth by the participating universities. Detailed 413 

information on sample sizes by country can be found in the Supplementary Information. 414 

 415 

Modelling TCM data 416 

To calculate the aggregate annual recreational benefits, two key estimations were conducted. First, we 417 

estimated the average benefits per forest visit in terms of consumer surplus (Figure 3b). Second, we 418 
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utilized information on the total number of forest visits made by the population of each country over a 419 

one-year period. This was done using the answers to the question about the frequency of forest visits 420 

(Q48 in the questionnaire).   421 

To determine the average value per trip, we assumed that data on the last visited forests from the sample 422 

were representative of annual forest use. To avoid confounding recreational benefits with other benefits 423 

we focused solely on one-day, single-purpose forest visits providing a conservative estimate of forest 424 

recreational benefits. As part of the questionnaire respondents were also asked to identify the forest, 425 

they visited on Google Maps and report the name of the nearest village, town, or city (Q9 in the 426 

questionnaire). Additionally, they were asked to provide the zip code of their place of residence and, if 427 

the start of the trip was different from their place of residence, to mark the starting point of the trip on 428 

Google Maps. This information, combined with the answers to the question about the exact distance 429 

travelled, enabled a validity check to ensure the accuracy of the reported locations and allowed for a 430 

consistent calculation of the distance travelled for all respondents. After cleaning the implausible 431 

observations, we employed the individual travel cost method to estimate the average value per trip. The 432 

socio-demographics and the country sample sizes are reported in Supplementary Materials, Table S2. 433 

The probability of an individual taking a trip (y) to a specific site (n) was estimated using the truncated 434 

negative binomial model77. This model accommodates overdispersion and truncation at zero77. The 435 

probability is expressed as: 436 

 437 

          [1]  438 

In Equation (1), y represents the number of trips, X denotes a vector of explanatory variables, including 439 

the cost of travel. The error term is assumed to follow a gamma distribution. The distribution in equation 440 

(1) has conditional mean  and conditional variance Since >0 and the variance is 441 

greater than the mean. Additional explanatory variables included in the model were age, gender, 442 

municipality size, education level, a binary indicator for weekend trips, and the proportion of forests 443 

within a 10 km buffer around the respondent's place of residence to control for available substitutes. The 444 

data for each country were analysed independently, and the resulting parameter for the cost variable was 445 
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used to calculate country-specific consumer surplus (CS) for an average forest trip. The full modelling 446 

results are reported in the Supplementary Materials in Sections 3 and 4.   447 

 448 

Exploring the link between forest characteristics and number of visits 449 

In addition to the country-specific TCM models used to calculate CS, we estimated a joint negative 450 

binomial model encompassing all countries to examine the impact of perceived forest characteristics on 451 

the number of trips taken. The joint model incorporated socio-demographic variables, characteristics of 452 

the respondents' residential areas (municipality size, proportion of forest and water within a 10km buffer), 453 

perceived forest characteristics (forest type, number of tree species, height, number of tree layers, 454 

presence of deadwood, presence of tourist infrastructure), trip characteristics (motive of the trip, mode 455 

of transport, weekday trips vs. weekend/holiday trips), and country-specific indicators. All forest 456 

attributes were dummy coded to ensure comparability with the Discrete Choice Experiment results. 457 

Model estimates were utilized to calculate marginal effects (additional visits due to changes in forest 458 

characteristics), with standard errors derived using the Delta Method78. In the main text, our focus was 459 

on investigating the association between forest characteristics and the number of visits made by 460 

individuals, while complete results can be found in the Supplementary Materials in Section 2.  461 

 462 

Consumer Surplus  463 

Consumer surplus per person per trip was an indicator which was used to calculate country specific 464 

recreational benefits provided by forests. CS value per person per trip was calculated using the formula: -465 

1/βc, where βc is the TC coefficient. The standard errors were obtained using the Delta Method78.  466 

To ensure the isolation of recreational benefits from other unrelated activities undertaken during the 467 

trips, our analysis excluded multipurpose trips and those lasting longer than one day. Individual travel cost 468 

per trip was calculated by summing travel-related expenditures ("travel cost": TC), which encompassed 469 

the cost of fuel, tires, maintenance and repairs, insurance, and average vehicle depreciation79, and the 470 

opportunity cost of time ("value of travel time": VTT) in the variant of TCM with VTT. Travel distance was 471 

determined using Google Maps. For respondents who travelled by car, the estimated travel distance was 472 

subsequently utilized to calculate trip expenditure to the forest. We assumed on average two persons 473 

sharing the full cost of driving, so the TC variable used in estimation was divided by two. 474 
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In the variant with VTT the calculated travel distance was also employed to derive trip duration for VTT 475 

calculations. For this purpose, an average travel speed of 50 km/h was assumed. Given the considerable 476 

proportion of respondents who declined to disclose their personal income during the survey, we assumed 477 

the VTT to be equivalent to 1/3 of the hourly wage rates specific to each country. Wage rates were 478 

obtained from OECD statistics for all countries included in our study80.  479 

The national-level recreational benefits were calculated by multiplying the average per-trip consumer 480 

surplus (CS) by the total number of forest trips. To ensure better comparability between countries, these 481 

benefits were expressed as values per citizen (Fig. 3d) or per forest hectare (Fig. 3f). The total number of 482 

forest trips per country was obtained by multiplying the average number of annual forest visits per person 483 

by the population aged 18 and above, adjusted by the proportion of the sample who reported visiting a 484 

forest in the previous year.  485 

 486 

Value of recreation in forests, national accounts  487 

Consumer surplus is typically used in monetary valuation where the objective is to estimate changes in 488 

the provision of services, while exchange values are estimated when the values are to be used in national 489 

ecosystem accounts. As forest recreation is a non-market service, no market price (exchange value) can 490 

be observed. It has been suggested that the exchange value of recreational visits can be estimated by 491 

simulating hypothetical markets54,81. However, the simulation of markets requires assumptions about the 492 

market structure, e.g. in a study of the accounting value of inland swimming sites in Finland82  it is assumed 493 

that hypothetical competing providers of recreation visits have market power over swimmers living 494 

nearby. We estimate an approximation of exchange values assuming perfect markets, i.e. the exchange 495 

value is equal to the travel cost. It can be argued that hypothetical suppliers of forest recreation visits 496 

have little market power due to the relatively large number of local forest sites from which a visitor can 497 

choose. Our assumption implies that the estimated 'exchange value' is a minimum value. When market 498 

prices are not observable, as is the case with recreation, valuation based on market price equivalents 499 

should be used to provide an approximation of market prices54. Therefore, the travel cost was assumed 500 

the most suitable proxy to estimate the exchange value of forests’ visits. 501 

It is important to note that although consumer surplus is not congruent with national accounting, it serves 502 

as a theoretically valid measure of welfare, indicating that changes in its value represent changes in 503 
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consumer welfare associated with the respective good or service83. Furthermore, under certain market 504 

structures, consumer surplus is equivalent to exchange value83.  505 

 506 

Data and approach to valuing the benefits of forest structural characteristics using DCEs 507 

For the design of the DCE, main forest structural attributes and their relevant levels had to be identified 508 

on a management-intensity gradient from less to more natural forests. The landscape and forestry 509 

literature provides a long list of potential attributes. In our study, we operationalized the most important 510 

forest characteristics, as identified in other forest preference studies44,45. The relevance of these forest 511 

characteristics was confirmed in numerous pre-tests in all the countries considered in our study and focus 512 

groups in Denmark and Poland. The attributes are: 513 

Tree height – the height of the upper tree storey in the forest. Levels: 8m; 18m; 24m. To visualise the 514 

scale of the trees an icon of an average-sized person was added to each visualisation.   515 

Forest layer – variation in the structure of the forest. Levels: Single: forest composed of a single layer (age 516 

class); Two: forest with trees of two layers; Multiple: forest with multiple layers.  517 

Number of tree species and forest type – refers to the number of tree species within a stand. Levels: 1 518 

and 2 tree species for broadleaved and coniferous forests and 2, 3, 4 for mixed forest. Graphics of Scots 519 

pine (Pinus sylvestris) and Norway spruce (Picea abies) were employed to visualize coniferous species, oak 520 

(Quercus robur) and beech (Fagus sylvatica) to visualize broadleaved tree species. 521 

Deadwood – this attribute refers to the amount of natural deadwood (standing and fallen) in the forest. 522 

Levels: Low; Medium; High. Respondents were informed that this attribute refers to large pieces of natural 523 

deadwood to avoid confusion with the presence of residuals from harvesting and thinning.  524 

Visitor infrastructure – this attribute refers to the presence of infrastructure for visitors in the forest. 525 

Levels: None; Picnic sites; Trails; Picnic sites & trails. As this attribute is unrelated to the topic of this paper 526 

– forest structures – results for it are only reported in Figure S5. in the Supplementary Materials. 527 

Distance to forest – refers to the distance to the forest from an individual’s home (or any other location 528 

where the trip to the forest would start). To maintain realism, the levels of distances used in the DCE were 529 

pivoted based on the distance reported by a respondent for their last visit (answers to Q25). We used five 530 
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different sets of distances depending on the answers to Q25, with six levels in each set (Supplementary 531 

Materials, Table S3). 532 

Substantial effort was devoted to adequately explaining the forest characteristics. A novel approach of 533 

our study is that respondents learned about the DCE attributes by defining the structural forest 534 

characteristics of the last visited forest during the survey, using visual aids to indicate the attribute levels 535 

that were perceived to best match the last visited forest. The resulting forest was visualized and included 536 

as a third alternative in the choice tasks (see questions Q37-Q41). After completing the matching exercise 537 

with all attributes, an illustration of a forest profile combining all attributes was instantly generated and 538 

shown on the screen. Respondents were asked (on a scale 0-100) to rate how well the generated 539 

illustrations resemble the perception of the forest they had visited. Responses are consistent across the 540 

countries and relatively high with an average score ranging from 71 for Slovakia to 79 for Romania (Table 541 

S4 in the Supplementary Materials).  542 

The D-efficient experimental design (with the status quo as zero) consisted of 36 choice sets divided into 543 

3 blocks, each containing 12 choice cards. This design was generated using NGENE software84. The 544 

example of the choice card can be seen in the Supplementary Materials (Figure S1). The design for the 545 

main survey was generated using priors obtained from the pilot experiment. The final design was 546 

optimized for median Bayesian D-error of the MNL85 model based on data from a total of 900 pilot 547 

interviews. Across respondents, we randomized the order of choice tasks presented to counter-balance 548 

possible ordering and anchoring effects. The same experimental design was applied in all 12 countries.  549 

Since the focus in the TCM part was on estimating the country-specific value (CS) per average forest trip, 550 

a detailed validity check regarding the start and end of the trip and the reported travelled distance was 551 

conducted, resulting in the screening out of some observations. In the DCE section, to avoid confounding 552 

recreational benefits with other benefits, we only screened out multi-purpose trips. All other observations 553 

were retained in the sample. Therefore, the sample sizes used in these two parts are different 554 

(Supplementary Materials, Table S2). 555 

The choices recorded enabled us to estimate the marginal rate of substitution (MRS) between having a 556 

forest characteristic present in the forest and travel distance. The trade-offs between forest 557 

characteristics and distance indicate the relative value of forest characteristics in terms of Willingness to 558 

Travel (WTT). WTT represents the number of additional kilometres that a person would be willing to travel 559 

to visit a forest with the characteristic of interest (relative to a baseline level), all else equal. We derive 560 
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WTT estimates directly from the coefficients of a mixed logit model estimated in WTP space with 561 

correlated random parameters (full covariance matrix). The unconditional choice probability in the Mixed 562 

Logit takes the form86: 563 
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is a standard MNL formula, ϕ β Ω( , )b is the density of the random coefficients with 565 

mean b and covariance Ω. Since we are interested in marginal Willingness to Travel (WTT), it is 566 

convenient to estimate parameters directly in WTP space86 which in our case is WTT space as cost is 567 

replaced with distance. That is: ( ) ( )α α= + + = + +njt njt njt njt njt njt njtU p e p eY b Y β  .  568 

In this specification the vector of parameters α=β b  can be directly interpreted as a vector of implicit 569 

distances for forest structural characteristics Yjnt.  All distributions, except for distance to the forest were 570 

assumed to be normal. The distance coefficient was assumed to follow log-normal distribution. This is 571 

equivalent to impose the economic theory-driven restriction that marginal utility of money (in our 572 

exercise we assumed that respondents paid with travelled distance) is expected to be positive for all 573 

respondents.  574 

 575 
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