
Unravelling the mechanisms linking cultural
ecosystem services and human wellbeing
Lam Huynh  (  lamhuynh6493@gmail.com )

University of Tokyo https://orcid.org/0000-0002-2801-8240
Alexandros Gasparatos 

The University of Tokyo https://orcid.org/0000-0001-9323-1366
Jie Su 

The University of Tokyo https://orcid.org/0000-0002-1780-5708
Rodolfo Dam Lam 

WorldFish
Ezekiel Grant 

University of Tokyo
Kensuke Fukushi 

University of Tokyo

Article

Keywords: Cultural ecosystem services, human wellbeing, nature’s contributions to people, systematic
review, trade-offs

Posted Date: December 7th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-1147200/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-1147200/v1
mailto:lamhuynh6493@gmail.com
https://orcid.org/0000-0002-2801-8240
https://orcid.org/0000-0001-9323-1366
https://orcid.org/0000-0002-1780-5708
https://doi.org/10.21203/rs.3.rs-1147200/v1
https://creativecommons.org/licenses/by/4.0/


1 

 

Unravelling the mechanisms linking cultural ecosystem services and 1 

human wellbeing  2 

 3 

Authors4 

Lam Thi Mai Huynh1,*, Alexandros Gasparatos2,3,*, Jie Su1, Rodolfo Dam Lam4, Ezekiel I. Grant1, 5 

Kensuke Fukushi2,3 6 

 7 

1. Graduate Program in Sustainability Science - Global Leadership Initiative (GPSS-GLI), The 8 

University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa City 277- 8563, Japan. 9 

2. Institute for Future Initiatives (IFI), The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 131-10 

8654, Japan 11 

3. Institute for the Advanced Study of Sustainability (UNU-IAS), United Nations University, 5-53- 12 

Jingumae, Shibuya-ku, Tokyo 150-8925, Japan 13 

4. WorldFish, Penang, Malaysia  14 

 15 

* Corresponding Authors 16 

 17 

Lam Thi Mai Huynh: lam.huynh@s.k.u-tokyo.ac.jp 18 

Alexandros Gasparatos: gasparatos.alex@gmail.com  19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

mailto:lam.huynh@s.k.u-tokyo.ac.jp
mailto:gasparatos.alex@gmail.com


2 

 

Abstract 37 

 38 

Ecosystems contribute significantly to human wellbeing through the provision of ecosystem services. 39 

Despite the growing literature on cultural ecosystem services (CES), there is a lack of systematic 40 

understanding of how they are linked with human wellbeing.  Here we conduct a systematic review of the 41 

peer-reviewed literature to identify the mechanisms and pathways underpinning the linkages between 42 

different CES and constituents of human wellbeing. Furthermore we identify their complex associations 43 

through Latent Class Analysis, Multiple Correspondence Analysis, and different visualisation tools. Overall 44 

we identify 16 major mechanisms linking CES and human wellbeing, via 70 distinct pathways. Beyond that 45 

we find five major assemblages of pathways featuring consistent associations among mechanisms mediating 46 

CES and human wellbeing. We critically discuss the main research trends and gaps, and propose future 47 

directions for research and practice in order to leverage the potential of CES for human wellbeing, and 48 

sustainability more broadly.  49 

 50 

Keywords:   Cultural ecosystem services, human wellbeing, nature’s contributions to people, systematic 51 

review, trade-offs52 



3 

 

Introduction 53 

The academic community has repeatedly emphasised on the necessity to understand the complex 54 

human-nature relationships and unravel the pathways through which ecosystems contribute to human 55 

wellbeing via the provision of ecosystem services1,2. Understanding the underlying processes linking 56 

ecosystem services and human wellbeing, designing appropriate interventions to leverage the 57 

contribution of ecosystem services on human wellbeing, and mitigating the negative impacts of 58 

human activity on ecosystem services are essential for sustainable natural resource management2,3  59 

Cultural ecosystem services (CES) are the diverse non-material contributions of nature to humans, 60 

such as, among others, recreation, spiritual enrichment, cognitive development, social relations, and 61 

aesthetic experiences1,4,5. Despite the growing attention of the academic community on CES, it has 62 

been exceptionally challenging to systematise in concrete terms their linkages with human 63 

wellbeing6,7. Unlike provisioning, regulating, and supporting services whose assessment, although 64 

often complicated, is usually possible through quantitative and consistent metrics, CES are often 65 

intangible, subjective, socially constructed, and dependent on human perception, requiring an entirely 66 

different set of tools, metrics, and approaches4,8,9. Hence, despite the importance of CES for 67 

sustainable resource management10,11, their assessment and contributions to human wellbeing is often 68 

a context-specific and qualitative endeavour, which makes the effective incorporation of its outcomes 69 

into policy-making processes very challenging6. In this sense the systematic understanding of the 70 

linkages between CES and human wellbeing can offer valuable insights for policy and practice for 71 

ecosystem management and broader sustainability. 72 

However, despite the ever-expanding body of literature discussing the interface of CES and human 73 

wellbeing, the current evidence is highly fragmented. First, the relevant literature tends to adopt 74 

different theoretical frameworks with various terminologies4–7, resulting in fragmented information 75 

and inconsistent CES assessments and valuations. This is largely due to the fact that the underlying 76 

research comes from a very diverse range of academic fields, with often limited effort to synthesise 77 

knowledge in a cohesive manner12. Second, as both the provision of CES and the linkages to human 78 

wellbeing are highly context-dependent, their generalisation and systematic understanding tends to be 79 

riddled with challenges12. 80 

Here we aim to bridge these gaps through the comprehensive and cohesive systematisation of the 81 

linkages between CES and human wellbeing. In particular we conduct a systematic review and 82 

analysis of the relevant peer-reviewed literature to (a) delineate the mechanisms and pathways linking 83 

different CES and constituents of human wellbeing (b) compare the effects of the different 84 

mechanisms underpinning these linkages on human wellbeing, and (c) identify possible associations 85 

among the mechanisms. The outcome of this Review is a theoretical framework consisting of 16 86 

individual mechanisms linking different combinations of CES and constituents of human wellbeing, 87 

as well as their complex interaction in terms of synergies and trade-offs. Beyond this we identify and 88 

critically discuss research trends and gaps at the interface of CES and human wellbeing, and offer 89 

recommendations for future research and opportunities for ecosystem management to leverage the 90 

potential of CES for human wellbeing, and sustainability more broadly. 91 

 92 

 93 

 94 

 95 

 96 
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Results  97 

General literature patterns 98 

The systematic review identified literature on the linkages between CES and human wellbeing across 99 

all continents. The reviewed studies span a total of 62 countries at various spatial scales, with 81.8% 100 

of papers focusing on the local scale (n=247 studies), 8.3% at the national scale (n=25 studies), 6.3% 101 

at the regional scale (n=19 studies), and 3.6% at the global scale (n=10 studies). In terms of the 102 

stakeholders represented across the different studies, almost all studies consider local communities, 103 

followed by tourists, indigenous communities, and farmers, fishers and business owners (Figure S5-104 

S6, Supplementary Material). 105 

Figure 1 shows the geographical distribution of the study sites considered in the respective literature, 106 

and the number of publications by region and ecosystem type. Most studies focus on Europe (42.1% 107 

of articles), Asia (21.7% of articles), and North America (18.5% of articles). Only a minority of 108 

studies focuses on Central and South America (6.5% of articles), Africa (5.8% of articles), and 109 

Oceania (5.4% of articles), despite being biodiversity-rich and large fractions of their populations 110 

depending on ecosystem services for their livelihoods. The reviewed studies mostly focus on CES 111 

from urban and semi-urban ecosystems (26.2% of articles), forests and woodlands (20.2% of articles), 112 

inland water (12.5% of articles), and coastal areas (8.9% of articles). Some of the reviewed studies 113 

also document the linkages between CES and human wellbeing in relatively less studied ecosystems 114 

such as the arctic and mountain tundra, desserts and scrublands, and savannas. 115 

 116 

<<Insert Figure 1>> 117 

 118 

Over time we see studies from diverse academic fields exploring the linkages between CES and 119 

human wellbeing (Figure S4, Supplementary Material). Initially, relevant studies came from a rather 120 

limited number of disciplines such as environmental studies, urban studies, and geography. However 121 

since about 2012 (which coincides with the establishment of the Intergovernmental Science-Policy 122 

Platform on Biodiversity and Ecosystem Services - IPBES), relevant studies came from a larger 123 

diversity of the academic fields. By 2020, studies were coming from diverse fields of the social 124 

sciences and humanities, cultural studies, psychology, pharmacology, medicine, and international 125 

relations, among others. It is worth noting that the reviewed studies have gradually adopted new and 126 

innovative tools from different disciplines for data collection and analysis. However, a closer 127 

examination of the theoretical frameworks and research tools (see Table S7, Supplementary Material) 128 

shows that knowledge integration cross the disciplines is still rather shallow and the diversity of the 129 

methodological portfolio is generally low.    130 

Pathways and mechanisms linking CES and human wellbeing 131 

Among the 301 reviewed studies and the 1138 observations of the pathways linking CES and human 132 

wellbeing, the 979 observations (86%) represent positive contributions, the 137 observations (12%) 133 

negative contributions, and the 18 observations (1.6%) two-way interactions, while 4 observations 134 

(0.4%) could not be categorised in terms of the direction of impact.  135 

Our results suggest that the pathways linking CES and human wellbeing are multi-faceted and 136 

intricate. We identify 70 unique such pathways, each of which depicts a linkage through which the 137 

provision of (or change in) a single CES affects a single constituent of human wellbeing (see Methods 138 

for deeper explanation). Of these 70 pathways, 45 denote positive contributions to human wellbeing 139 
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and 25 negative contributions to human wellbeing. Table S12-S14 in the Supplementary Material 140 

provide an explanation of these 70 pathways, including examples from the literature. Subsequently 141 

through a critical analysis we systematise similar pathways across various “channels of interaction” 142 

and “mechanisms”.  143 

The four channels of interactions essentially denote the different ways in which people consciously 144 

and unconsciously engage with ecosystems and experience their benefits. According to our results, the 145 

four channels are form, cultural practices, intellectual practices, and spiritual practices. Form 146 

essentially denotes the interactions with nature through the physical and tangible aspects of 147 

ecosystems. People perceive the physical structure of nature via multiple qualities that reflect visual 148 

and other sensory experiences, with examples including the interactions from looking at the shape of 149 

the cliffs, feeling the sea breeze, smelling the flowers scent among others 13–15 Cultural practices 150 

denote the interactions with nature that provide an opportunity for playing and exercising, creating 151 

and expressing, producing and caring, and gathering and consuming9,16. Intellectual practices denote 152 

the interactions with nature that provide an environment for learning and gaining new knowledge, 153 

including, for example, the interactions that emerge from researching, learning, thinking about or 154 

knowing an ecosystem or its components12,17. Spiritual practices denote the interactions with nature 155 

that provide an opportunity for spiritual and religious activities, as for example rituals and religious 156 

activities carried out in sacred natural places or using plants and animals 18,19. 157 

Through these channels, CES contribute to human wellbeing via very diverse mechanisms. We 158 

identify 16 types of mechanisms, namely (a) cognitive, (b) cohesive, (c) communicative, (d) creative, 159 

(e) evolutive, (f) formative, (g) intuitive, (h) regenerative, (i) remunerative, (j) retrospective, (k) 160 

satisfactive, (l) transactive, (m) transcendentive, (n) apprehensive, (p) destructive, and (q) irritative 161 

(Table 1). Of these, six mechanisms were adapted from a previous study15 and ten mechanisms were 162 

newly defined by the authors following the qualitative data analysis (see Methods).  163 

 164 

<<Insert Table 1>> 165 

 166 

The empirical research on these mechanisms linking CES and human wellbeing constituents is uneven. 167 

Figure 2 depicts an alluvial diagram illustrating the frequency of the documented mechanisms across 168 

the reviewed studies. Recreation and tourism and aesthetic value are the most popular CES among the 169 

identified studies, accounting respectively for 31.8% and 17.6% of the total observations. Similarly 170 

there is large representation for some mechanisms and constituents of human wellbeing, as for 171 

example CES contributions to “mental health” (15.8% of observations), “physical health” (10.6% of 172 

observations), and “subjective wellbeing” (13% of observations) via regenerative mechanisms. 173 

Equally well documented are CES benefits to “social connectedness and belonging” (12.7% of 174 

observations) via communicative and cohesive mechanisms. However, the role of CES in influencing 175 

many constituents of human wellbeing is still overlooked, such as for example the contributions of 176 

CES to “learning and capacity”, “personal identity and autonomy”, and “sense of security and 177 

certainty”. 178 

 179 

<<Insert Figure 2>> 180 

 181 

 182 

 183 
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Relative contribution of individual mechanisms 184 

Upon unravelling the pathways, channels of interactions, and the mechanisms between CES and 185 

human wellbeing, we normalise the effects for every observation through expert judgement, assigning 186 

scores between -2 to +2 (see Methods). We develop three matrix maps (Figure 3) that represent the 187 

level of impact of each mechanism to specific constituents of human wellbeing (denoted by the 188 

colours) and the overall quantity of the empirical literature (denoted by the size of the squares). 189 

Overall, there is a higher prevalence of high magnitude positive CES impacts on human wellbeing, 190 

while the prevalence of lower magnitude or negative impacts is relatively lower in the literature. 191 

 192 

<< Insert Figure 3>> 193 

 194 

When looking at the positive contributions of CES to human wellbeing our results suggest that the 195 

highest such contributions are for “mental health” and “physical health”, with average scores of 1.99 196 

(n=150, SE=0.014) and 1.97 (n=108, SE=0.02) respectively. Among individual CES, recreation and 197 

tourism and aesthetic value exhibit the highest contributions to human health via the regenerative 198 

mechanism. “Connectedness and belonging” is the wellbeing constituent that benefits the second most 199 

from CES with an average score of 1.92 (n=131, SE=0.03). CES can also have significant positive 200 

effects for personal “learning and capability”, with an average impact level of 1.91 (n=114, SE=0.04). 201 

The average scores are more moderate for other constituents of human wellbeing such as “economic 202 

wellbeing” (score=1.88, SE=0.09, n=61), “certainty, sense of control and security” (score=1.86, 203 

SE=0.072, n=19, “identity and autonomy” (score=1.84, SE=0.042, n=71), “spirituality” (score=1.79, 204 

SE=0.05, n=81), “inspiration and fulfilment of imagination” (score=1.72, SE = 0.03, n=84), and 205 

“subjective wellbeing” (score=1.71, SE=0.34, n=125).  206 

The negative contribution of CES to human wellbeing manifest through (a) cultural ecosystem 207 

disservices (Table S12, Supplementary Material), and (b) the degradation of CES provision (Table 208 

S13, Supplementary Material) (see Methods for definitions). Among all wellbeing constituents, the 209 

results suggest that the highest negative effects are liked to “mental health” (score=-1.98, SE=0.02, 210 

n=26), via the destructive mechanisms. Some disservices also profoundly hamper “certainty, sense of 211 

control and security” (score=-1.88, SE=0.44, n=15 via apprehensive mechanisms. These are mainly 212 

associated with aesthetic value and recreational and tourism, with a common underlying concern over 213 

safety, which is directly associated with how some natural elements are perceived. CES degradation 214 

sometimes also has negative effects on “spirituality” via the destructive mechanism (score=-1.94, 215 

SE=0.06, n=10. Interestingly, in terms of “economic well-being”, via the remunerative mechanism 216 

human wellbeing can be significantly affected by the financial loss caused by the degradation of CES 217 

(score=-1.96, SE=0.08, n=17).  218 

 219 

Pathway assemblages, synergies and trade-offs. 220 

Beyond the individual effects outlined above, CES and the pathways through which they contribute to 221 

human wellbeing, also tend to interact with each other in complex ways. Following the LCA we 222 

identify ‘CES pathway assemblages’, which refers to a collection of pathways linking CES and 223 

wellbeing that appear significantly related (see Methods for definitions).  224 

Overall, we identify five CES pathway assemblages that refer to (a) sensory affection, (b) learning 225 

and development, (c) health and leisure fulfilment, (d) social vibrancy, and (e) spiritual and heritage 226 

resources. Table 2 summarises the main features and synergies among these assemblages, the relevant 227 

constituents of human wellbeing, as well as the underlying mechanisms and affected groups.  228 
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Table 2: Characteristics of CES pathway assemblages. 229 

Pathways 

assemblage  

CES Well-being 

constituents 

Mechanisms Ecosystems Beneficiaries 

Sensory 

affection 

-Recreation and 
tourism 
-Aesthetic value 
-Sense of place 
-Authentic 
wilderness 

-Certainty, sense of 
control and security 
-Economic well-
being 
-Mental health 
-Subjective well-
being 

-Apprehensive 
-Irritative 
-Destructive 

-Inland water 
-Ocean and 
marine 
-Urban and semi-
urban 

-Tourists 
-Local 
community 

Learning 

and 

development 

-Education value 
-Knowledge 
system 
-Cultural 
heritage/cultural 
diversity value 

-Learning and 
capability 

-Cognitive 
-Communicative 
-Formative 

-Forest and 
woodland 
-Cultivated areas 
-Ocean and 
marine  

-Indigenous 
community 
-Local 
community 

Health and 

leisure 

fulfilment 

-Recreation and 
tourism 
-Aesthetic value 

-Mental health 
-Physical health 
-Subjective well-
being 

-Regenerative 
-Satisfactive 

-Urban and semi-
urban 
-Inland water 

-Tourists 
-Local 
community 

Social 

vibrancy 

-Recreation and 
tourism 
-Aesthetic value 
-Social relations 

-Connectedness and 
belonging 
-Economic well-
being 

-Cohesive 
-Communicative 
-Remunerative 

-Urban and semi-
urban 
-Forest and 
woodland 

-Tourists 
-Local 
community 
-Farmers and 
fishers 
-Business 
owners 

Spiritual 

and heritage 

resources 

-Spiritual value 
-Cultural heritage/ 
Cultural diversity 
-Inspiration value 
-Aesthetic value 

-Spirituality 
-Identity and 
autonomy 
-Connectedness and 
belonging 

-Intuitive 
-Retrospective 
-Creative 

-Forest and 
woodland 
-Ocean and 
marine 
-Urban and semi-
urban 
-Coastal areas 

-Local 
community 
-Indigenous 
community 
-Tourists 

 230 

Subsequently we identify trade-offs between these assemblages through Multiple Correspondence 231 

Analysis (MCA). Regarding the associations between CES, wellbeing constituents, and affected 232 

groups, the significant associations of CES account for 7.3% of the first dimension (axis x) and 6.9% 233 

of the second dimension (axis y) (Figure 4). Trade-offs occur among three assemblages, namely 234 

“health and leisure fulfilment”, “spiritual and heritage resources”, and “learning and development”. 235 

Below we examine some specific cases to illustrate these trade-offs better. On the second dimension, 236 

“spiritual and heritage resources” is assessed as a trade-off to “health and leisure fulfilment” (Figure 237 

4). These trade-offs are mainly associated with traditional and indigenous communities. Furthermore, 238 

we observe trade-offs between “health and leisure fulfilment” and “learning and development” on the 239 

second dimension (Figure 4).  240 

 241 

<<Insert Figure 4>> 242 

 243 

 244 

 245 
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Discussion  246 

Mechanisms linking CES and human wellbeing 247 

Following the critical analysis and synthesis of the findings of the 285 empirical case studies and their 248 

1138 observations, we identify 16 distinct mechanisms that mediate the linkages between CES and 249 

human wellbeing (Table 1). Six of these mechanisms are adapted from the literature15, while the 250 

remaining ten were systematised by the authors. This has resulted in a comprehensive mapping of the 251 

interface between CES and human wellbeing, and constitutes a conceptual advancement that can have 252 

both theoretical and practical application.  253 

In terms of theoretical application, these mechanisms can influence the development of conceptual 254 

frameworks that explore the interface of ecosystem services and human wellbeing in more nuanced 255 

ways. For example, this can help refine conceptual frameworks proposed by large-scale 256 

assessments1,2,20, international initiatives21,  and individual studies4,5,7,8.  257 

In terms of practical applications, the findings of this study can guide studies that seek to identify 258 

better how such mechanisms unfold in different real-life contexts and inform the design of appropriate 259 

interventions to enhance human wellbeing through the provision of CES. This latter point echoes a 260 

large number of studies arguing for the need to capitalise on the intangible benefits provided by green 261 

spaces for enhanced human wellbeing, especially in urban contexts22–25.  262 

 263 

Relative effects of mechanisms 264 

Figure 3 strongly suggests that the different mechanisms have quite different effects on human 265 

wellbeing. To the authors’ best knowledge this is the first comprehensive attempt to systematically 266 

quantify the impacts of CES on human wellbeing through a global systematic review. As the value 267 

and contribution of many CES is subjective and intangible, the literature often adopts descriptive and 268 

qualitative approaches, which make it challenging to undertake a systematic analysis across studies4,7,9.  269 

The results of our analysis suggest that CES tend to have the highest positive contribution to 270 

constituents of human wellbeing such as “physical health” and “mental health” via regenerative 271 

mechanisms (Figure 3). These denote interactions with nature that create positive restorative 272 

outcomes such as stress reduction, relaxation, tranquillity, escapism, physical exercises, increased 273 

longevity, and recovery from sickness12,26–29.  274 

Strong positive effects are also observed for “connectedness and belonging” via “cohesive” 275 

mechanisms (Figure 3). Here people communicate and develop meaningful personal relationships 276 

through interactions with ecosystems 15,30–32. For example, nature-based activities such as recreation, 277 

hiking, and camping foster social cohesion via socially healthy behaviours and stewardship30. Studies 278 

have consistently pointed that the social bonding mediated by interactions with nature can create 279 

networks that emerge beyond the physical boundary of the sites and reinforce the existing relationship 280 

at both personal and collective levels33.   281 

Strong positive effects are also observed for “learning and capability” through cognitive and evolutive 282 

mechanisms (Figure 3). For example via the evolutive mechanism, nature-based recreation has a 283 

positive effects on childhood growth and gradually equips children with knowledge and skillsets that 284 

are beneficial in the future34,3617,35. These contributions can also be manifested via the cognitive 285 

mechanism through which nature acts as the source of learning about history, culture, the natural 286 

world and social relationships37, or an opportunity for scientific development, outdoor education and 287 

learning from previous generations38,39. It is worth noticing that “learning and capability” is one of the 288 

constituents of human wellbeing that has been relatively overlooked in the CES research landscape, as 289 
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for example it was not included in the conceptual framework of the Millennium Ecosystem 290 

Assessment1. However, here we find the centrality of this constituent as almost all CES provide 291 

benefits to it via various mechanisms. For example, via the cohesive and communicative mechanisms, 292 

educational values, knowledge systems, social relations and recreation and tourism are the CES that 293 

contribute the most to this wellbeing constituent, but again through very different mechanisms. 294 

When it comes to negative contributions, the constituents of human wellbeing that are most negatively 295 

affected by cultural ecosystem disservices and CES loss tend to be “mental health” and “certainty, 296 

sense of control and security” via apprehensive14,40 and destructive41–43 mechanisms (Figure 3).  297 

It is well documented that cultural ecosystem disservices such as noise from wildlife, wild and messy 298 

landscapes, and the presence and movement of pests give rise to perceptions of disorder, while animal 299 

waste and plant litter many cause disgust40,44. For example, obsessive fear can emerge through 300 

encounters with natural features via visual (or sometimes auditory) interactions, such as scary animals, 301 

dangerous predators, animal blood, and areas that are dark and covered by high trees12,14,40. Many 302 

people have a limited frame of reference for recognising and construing such unfamiliar sensory 303 

experiences, and may develop a sense of overwhelming “cognitive chaos” and alienation towards 304 

nature12. Landscape planning, eco-tourism development, socioeconomic background, and childhood 305 

interactions with nature are some of the external factors that tend to mediate these mechanisms44,45.  306 

When it comes to destructive mechanisms, the point of departure are the benefits that nature provides 307 

to many people through spiritually transcendental experiences which transform something from 308 

within42,43. These are closely linked with religion, places for customary rituals and worship18. Often 309 

environmental degradation, urbanisation and/or overexploitation cause the gradual loss of spiritually 310 

important landscapes46,47 or plants/animals that with religious/spiritual importance48 , causing the 311 

decline/loss of ritual activities and related spiritual wellbeing for some people49.  312 

It is worth noting that many people might not always be well aware of the benefits offered by 313 

ecosystems. Yet they can be significantly affected by the financial loss caused by the degradation of 314 

CES via the remunerative mechanism (Figure 3). For example, climate change or environmental 315 

degradation can cause significant loss in tourism revenue, thereby reducing the incomes of people 316 

working in these sectors and hindering their capability meeting basic needs50,51. Some of the reviewed 317 

studies suggest that when money enters the picture, it can sometimes shift the way people frame their 318 

wellbeing, appreciation of nature, and motivations behind their interactions with nature52,53. The 319 

extent of how these changes manifest varies from case to case and between different social groups. 320 

Thus it is not possible to elicit a universal conclusion here. Nevertheless, in the discussion related to 321 

wellbeing and CES, the usefulness of money to meet several wellbeing needs remains elusive54.  322 

When looking these findings critically there seems to be a dominance of studies about the positive 323 

contribution of CES on human wellbeing associated with transient, immediate, and significant 324 

impacts. Much fewer studies have focused on possibly negative or low magnitude CES impacts. 325 

Furthermore, Figure 3 visually highlights many blank areas, which indicate many possible missing 326 

pathways between CES and constituents of human wellbeing via the identified mechanisms. These 327 

imbalances and missing pathways could be attributable to three possible reasons. The first could be 328 

publication bias, which refers to the selective publication of studies based on the magnitude and 329 

direction of the results and/or the areas of interest of the authors55. However, due to the type of data 330 

and analytical procedure it is not possible to formally test for publication bias, as is common in meta-331 

analyses56 (see limitations in Methods). Second, the missing pathways in Figure 3 linking a specific 332 

CES to a particular wellbeing constituent via a specific mechanism might not exist in reality. Third, 333 

these pathways might exist but have not been empirically identified in academic studies.  334 

Considering the above, this systematic review seeks to provide a level of evidence and possibilities to 335 

inform future research and practice at the interface of CES and human wellbeing to reduce the biases 336 
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in the areas that “we know”, fill in the knowledge gaps in the areas that “we do not know”, and hint to 337 

explore the areas that “we do not know we do not know” (see Implications, recommendations and 338 

future research directions). 339 

 340 

Synergies and trade-offs between mechanisms 341 

We find some consistent associations among the pathways and mechanisms through which CES 342 

contribute to human wellbeing between studies. Overall, the results seem to confirm that different 343 

mechanisms are more relevant to certain CES types and affect specific sets of wellbeing constituents. 344 

This points to that it might be practical and beneficial to identify such synergistic relationships to 345 

inform landscape and urban planning, natural resource management, and biodiversity conservation. In 346 

particular we identify five assemblages representing the collections of associated pathways namely 347 

“sensory affection”, “learning and development”, “health and leisure fulfilment”, “social vibrancy”, 348 

and “spiritual and heritage resources”. Some implications can emanate from the characteristics of 349 

these assemblages.  350 

First, when it comes to “sensory affection”, while natural aesthetic values can enhance subjective 351 

wellbeing12,57, authentic wilderness with disordered and frightening landscapes can also cause fear and 352 

negative feelings to some people14,40. This could raise some interesting debates about the promotion of 353 

“authentic” natural landscapes or planning “false wilderness” to reconnect people to nature58.  354 

Second, “health and leisure fulfilment” and “social vibrancy” assemblages tend to be more prevalent 355 

in human-dominated landscapes such as urban areas (Table 2). This points to the synergistic effects 356 

and cost-effectiveness that urban green and blue infrastructure can have for meeting multiple needs 357 

for urban residents14,59,60.  358 

Third, related to “learning and development”, the results show many similarities in how ecosystems 359 

shape the way people think61, their choices in life13, and the development of their worldview and 360 

cultural significance between Indigenous people and modern communities12. Regardless of their 361 

culture and level of dependence on ecosystems for their livelihoods, this points to longstanding 362 

associations between ecosystems and the personal lives of people through intimate knowledge of (and 363 

adaptive integrity with) the local environment, which significantly contributes to personal growth61.  364 

Fourth, in terms of “spiritual and heritage resources”, identity appears to be the core determinant of 365 

the synergies and trade-offs effects62,63. Thus, the inclusion of local communities’ identities and 366 

cultural practices can create substantial benefits for ecosystems management in areas that such 367 

associations are visible64.  368 

Finally, we identified trade-offs among three assemblages, namely “learning and development”, 369 

“health and leisure fulfilment”, “spiritual and heritage resources” (Figure 4). Trade-offs between 370 

“spiritual and heritage resources” and “learning and development” seem to be linked to religious or 371 

sacred landscapes. In particular some traditional and Indigenous communities are sceptical about the 372 

research potential and educational value of such areas65. This is often due to diverse challenges and 373 

barriers (e.g. technical, perception, communication), as well as differences in values, which have 374 

alienated on many occasions the active engagement of indigenous communities in the formulation of 375 

ecosystem management plans in such areas65–67. 376 

Another trade-off is between “spiritual and heritage resources” and “health and leisure fulfilment” 377 

(Figure 4). Such trade-offs are again mainly associated with traditional and Indigenous communities 378 

for which ecosystems (and nature more broadly) invoke spiritual experiences, e.g. the Earth and its 379 

elements are perceived as living entities valued for their own sake17,42. Sometimes tourism and 380 

recreational activities that can provide leisure opportunities for improving health and subjective 381 
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wellbeing to tourists are sometimes perceived to violate sacred places 68. Indeed, some studies have 382 

suggested that tourism activities sacrifice spiritual and intrinsic values (e.g. sacredness and the 383 

spiritual connections between the sites and people) for instrumental benefits (e.g. tourism revenue)69.  384 

A final trade-off is between “health and leisure fulfilment” and “learning and development” (Figure 4). 385 

This is usually associated with the fact that some tourism and recreational activities can alter 386 

livelihoods at community level and encourage young people to leave their traditional livelihoods37,70. 387 

The environmental degradation associated with intensive tourism combined with the risks of changing 388 

livelihood structure may result in significant loss of local knowledge systems and skills71. In other 389 

cases, the inappropriate planning of tourism activities can hinder the educational value of historically, 390 

culturally, and ecologically important areas69,72. 391 

The above findings could effectively inform practice and decision-making processes to anticipate 392 

what types of human wellbeing trade-offs are to be expected in areas where such CES are provided, 393 

for example due to tourism73–75 or economic development76,77. This can guide the identification of 394 

possible context-specific solutions to prevent or mitigate CES-driven trade-offs in human wellbeing.  395 

 396 

Implications, recommendations and future research directions 397 

The findings of this systematic review can have major implications for policy and practice. Here we 398 

draw upon the emerging concepts of ‘landscape multi-functionality’78 and ‘reconnecting people to 399 

nature’79 to guide the design of effective policies and interventions to enhance human wellbeing (and 400 

sustainability more broadly) via CES. 401 

First, the results on CES assemblages, synergies and trade-offs support the view of landscape multi-402 

functionality, and the possible value addition of interventions and policies promoting the interactive 403 

and simultaneous provision of CES. The outcomes of this research can provide the basis for a scoping 404 

toolkit for anticipating the possible human wellbeing impacts of different policies and interventions 405 

that provide or compromise CES, and vice versa (i.e. identify policies and interventions that can 406 

improve human wellbeing via CES provision). For example, if policy-makers have set initial goals for 407 

specific aspects of human wellbeing in a given locality (e.g. enhance physical and mental health in a 408 

city), then it could be possible to track back the pathways linking the designated set of wellbeing 409 

constituents to the CES that would be needed to achieve this (e.g. provide green spaces for exercise, 410 

promote landscape elements with aesthetic values associated with stress release and escapism, 411 

enhance spiritual fulfilment in designing urban green infrastructure). By knowing the mechanisms 412 

permeating these pathways (e.g. regenerative, satisfactive, transcendentive), and comprehending the 413 

most likely beneficiaries and landscapes (and landscape elements) that can deliver these CES then it 414 

could be possible to inform the development of specific interventions and policies that meet these 415 

objectives, and ideally promote synergistic effects while reducing trade-offs. In this sense, the 416 

comprehensive systematisation of the 70 pathways of possible non-material interactions between 417 

human and nature (Table S12-S13-S14, Supplementary Material) provides a clear roadmap that can 418 

assist practitioners and decision-makers in predicting the outcomes of policy options and practical 419 

application, possibly providing meaningful benefits at different stages, from planning to 420 

implementation. 421 

Second, while there is a consensus that policies and interventions seeking to reconnect people to 422 

nature can have multiple benefits to human wellbeing and sustainability79, it is not always clear how 423 

this can be achieved. By utilising the notion of ‘leverage points’, which is defined as points in a 424 

complex system where interventions can alter the overall system behaviour79, we argue that 425 

incorporating what really matters to people and what really harms people in the policy-making 426 

process can create these deep leverage points and bring about more effective and meaningful 427 

‘reconnections’. The results suggest that ‘inner’ connections such as cognitive connections to enhance 428 
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‘learning and capability’, cohesive and emotional connections to promote ‘connectedness and 429 

belonging’ and psychological connections to enhance ‘mental health’ are more likely to have a 430 

stronger effect on human wellbeing outcomes rather than the ‘outer’ connections such as remunerative 431 

connections (Figure 3, Table S8 and S9). As CES have often received less attention in policy-making 432 

progress than provisioning or regulating services4,8, the authors emphasise the necessity of 433 

reconnection strategies that aim to influence the behaviour of individuals and alter the paradigms that 434 

underpin the actions and decision-making for ecosystem management. 435 

Despite the wealth of studies exploring the interface of CES and human wellbeing we identify several 436 

knowledge gaps that future research should target. First, the research at this interface tends to focus on 437 

individuals. While this is undoubtedly important, the fact remains that there has been less focus in the 438 

reviewed studies on understanding the effect of CES on collective wellbeing. However, in several 439 

studies we observed that due to trade-offs the provision of CES has improved the wellbeing of 440 

individuals, but reduced collective wellbeing80, and vice versa81. Although this has been recognised in 441 

the individual studies, there is a lack of multi-level wellbeing assessments, which would be necessary 442 

for better assessing ecosystem services trade-offs and synergies.  443 

Second, when observing the evidence imbalances and missing pathways (see Figure 3 and ‘Relative 444 

effects of mechanisms’), there is a need to fill in the knowledge gap in the areas that (a) ‘we know’, 445 

(b) ‘we do not know’, and (c) ‘we do not know we do not know’. Regarding (a), there is a need to 446 

advance the currently available knowledge and address publication biases. For the former, research 447 

should explore in-depth how these mechanisms manifest in the less studied ecosystems and 448 

understand their differentiated effects to various stakeholders. The underlying factors mediating these 449 

impacts and the drivers of changes in CES provision would also need more dedicated attention. For 450 

the latter, scholars should be able to publish high quality research regardless of “uninteresting” results 451 

or novelty. Low magnitude, negative or incremental impacts of CES provision on human wellbeing 452 

should also be captured. Regarding (b), our work could be utilised as a summary of the current 453 

research landscape, which highlights the many missing pieces that need to be found. The blank areas 454 

in Figure 3 could offer some starting points to explore whether the missing pathways exist or not in 455 

reality. Regarding (c), we should point that there is a possibility that more mechanisms link CES and 456 

human wellbeing considering the large biological and cultural diversity across the globe, and the often 457 

very tight human-nature interactions in many geographical contexts. In this sense there is a need to 458 

move beyond the conventional way of thinking and upgrade research approaches and framings to 459 

unravel the unknown unknowns in human-nature relationships. We hypothesise that missing 460 

mechanisms could be present in ecosystem-dependent communities, and especially traditional and 461 

Indigenous communities, considering their very unique relations with nature. In this sense there would 462 

be a need to enhance even more the current efforts to promote the collaboration between scientists and 463 

Indigenous and Local Knowledge (ILK) holders82.  464 

Overall, following this systematic review, we argue that the fuller understanding of the complex 465 

linkages between CES and human wellbeing can help navigate towards outcomes that promote 466 

effectively both wellbeing and ecosystem management and contribute to meeting global sustainability 467 

challenges. The conceptual framework develop can possibly move the current debate forward.  468 

 469 

 470 

 471 

 472 
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 473 

Methods  474 

Conceptual framework and key concepts 475 

Through the systematic review outlined in this paper we synthesise the literature about the linkages 476 

between cultural ecosystem services (CES) with human wellbeing. Many assessment reports1,2,20, 477 

international initiatives83and individual studies4,5 have developed or refined different 478 

conceptualisations and typologies of CES, as well as conceptual frameworks linking them to human 479 

wellbeing. Similarly, many studies have delineated the different constituent of human wellbeing in 480 

relation to the benefits people derive from nature, including CES 12,84.  481 

Acknowledging this large diversity of typologies of CES and constituent of human wellbeing (and 482 

their linkages), in this study we adopt (and expand) the conceptualisations and typologies of (a) CES 483 

from the Millennium Ecosystem Assessment (MA)1 and (b) constituents of human wellbeing 484 

proposed by Russell et al (2015).  485 

We adopt the MA’s conceptualisation and typology of CES, as despite its criticisms 85,86 it has a long 486 

history shaping much of the academic literature on CES, allowing at the same time the integration of 487 

knowledge from multiple disciplines. According to the MA, CES are defined as the non-material 488 

benefits people obtain from nature directly and indirectly1. For the purpose of this systematic review 489 

we adopt the full list of CES included in the MA (2005), namely: (a) recreation and tourism, (b) 490 

aesthetic value, (c) religious value, (d) educational value, (e) cultural heritage value and cultural 491 

diversity, (f) inspiration, (g) sense of place, (h) knowledge system, and (i) social relations. We then 492 

complement this initial list with other CES found in the reviewed documents that are not explicitly 493 

delineated in the MA, but identified as such in the source literature. Table S2 in the Supplementary 494 

Material provides the full list of CES (and their definitions) considered in this study.  495 

Similar to CES, human wellbeing is a broad and contested term that has been interpreted in various 496 

ways without a commonly agreed definition12,84. At a generalised level, human well-being can be 497 

perceived as a synergistic and multi-dimensional concept that consists of multiple constituents, which 498 

when combined, they characterise the positive state of individuals12. Although the concept of human 499 

wellbeing has drawn the attention of policymakers, researchers, and practitioners globally, there is 500 

insufficient knowledge within the literature on how it is linked with the natural environment and the 501 

ecosystem services it provides84.  502 

In our systematic review we use eleven constituents of human wellbeing, most of which are adopted 503 

from Russel et al. (2013). Namely the constituents of human wellbeing considered in this study 504 

include: (a) physical health, (b) mental health, (c) spirituality, (d) certainty, sense of control and 505 

security, (e) learning and capacity, (f) inspiration and fulfilment of imagination, (g) identity and 506 

autonomy, (h) connectedness and belonging, (i) subjective wellbeing, (j) cultural fulfilment, and (k) 507 

economic wellbeing. 508 

We need to point that although we have used these conceptualisations and typologies of CES and 509 

constituents of human wellbeing to form the conceptual framework of the systematic review, we have 510 

not limited the review to the studies that only used these explicitly. For example, for CES we do not 511 

only review studies using the MA terminology/typology, but included studies that adopted different 512 

terminologies/typologies (e.g. IPBES, CICES, TEEB). Acknowledging the slight differences among 513 

terminologies [i.e. non-material nature’s contributions to people (IPBES) vs. cultural ecosystem 514 

services (MA)], we use these terms interchangeably in the context of this review. Similarly we 515 

acknowledge that the current frameworks of the constituents of human wellbeing are imperfect and 516 

that there are blurry distinctions among them12.  517 
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Considering the above this review does not seek to present an argument on the accuracy of the 518 

adopted typologies, but instead focuses on covering all the studies using different terminologies to 519 

ensure the widest possible capture of studies to elicit the linkages between CES and human wellbeing. 520 

Our use of certain conceptual frameworks does not seek to imply the superiority of the one over the 521 

other, but their functionality within this review. 522 

Literature identification and selection 523 

For this systematic review we identified peer-reviewed literature that report observations about the 524 

contribution of CES to human wellbeing both quantitatively and qualitatively. We identified the 525 

literature though Elsevier Scopus and ISI Web of Science Core Collection. We employed three 526 

categories of search words that were guided by the conceptual framework presented above. The three 527 

levels of search words reflect (a) ecosystems or ecosystem services, (b) specific CES, (c) human 528 

wellbeing or quality of life.  529 

The specific keywords are: ("Ecosystem*" OR "Ecosystem service*" OR "social-ecological system*" 530 

OR "Nature’s contribution*") AND ("cultural ecosystem service*" OR "aesthetic*" OR "recreation*" 531 

OR "spiritual*" OR "inspiration*" OR "place attachment" OR "social relation*" OR "knowledge 532 

system" OR "sense of place" OR "educational value* OR "Non-material nature’s contribution*") 533 

AND ("Quality of life" OR "wellbeing" OR "human needs" OR "well-being").  534 

The literature search was conducted for the literature title, abstract and keywords, and was limited to 535 

peer-reviewed articles in English. The search was performed in July 2020 with no restriction on the 536 

publication time frame. We followed the PRISMA principles for systematic review87.  537 

In total, 463 articles were found in Elsevier Scopus, and 251 documents were found in ISI Web of 538 

Science Core Collection. We then removed duplicates leaving 502 articles for further screening. 539 

Subsequently two filters were applied. For the first round, the first author read the studies’ titles and 540 

abstracts to remove non-relevant literature. For the second round, the remaining articles were 541 

downloaded and read by the first author in full to determine whether they met the inclusion criteria. 542 

The inclusion criteria were: 543 

a) The study should report cultural services provided by nature or ecosystems (i.e. non-544 

ecosystem related cultural services were excluded); 545 

b) The study should report CES or non-material contributions of nature (i.e. other ecosystem 546 

services or material contributions were excluded); 547 

c) The study should be empirical or a review of empirical studies (i.e. conceptual, theoretical 548 

and simulation studies were excluded); 549 

d) The study should report observed changes in human wellbeing (i.e. studies not mentioning 550 

change in wellbeing were excluded) 551 

e) The study documents should be Articles or Reviews (i.e. Editorials, Books, and the 552 

Proceedings of conferences and meetings were excluded).  553 

Among the 502 documents identified after the search, a total of 356 documents appeared to match the 554 

inclusion criteria mentioned above after the first screening round. The first author then read the full 555 

text of these 356 documents and ended up with 302 documents (285 empirical studies and 17 review 556 

papers) that were deemed eligible for further analysis. Figure S1 in the Supplementary Electronic 557 

Material contains the different stages of study selection.  558 

Critical appraisal of studies 559 

As systematic reviews draw conclusions based on multiple individual studies, it is necessary to 560 

evaluate the reliability of evidence at the individual study level88. In this study we adopted a series of 561 

appraisal guidelines for ecosystem services and conservation studies88 and created a checklist for 562 

assessing the reliability of the evidence contained in each reviewed study. The checklist includes 563 
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questions related to internal validity in terms of the research aim, data collection, data analysis, results 564 

and conclusions, and design-specific aspects (see Table S3, Supplementary Material). Each study is 565 

then categorised as having “very strong evidence” (score: >75%), “strong evidence” (score: 50-74%), 566 

“moderate evidence” (25-49%), or “weak evidence” (<25%).  567 

Overall, the quality appraisal indicated that 92.4% of all studies included in this systematic review 568 

(279 out of 302 studies) are categorised as having “very strong evidence”, 7.3% (22 studies), as 569 

having “strong evidence”, and only one study as having “weak evidence”. The mean value of the 570 

quality score across all studies is 83.5%.  571 

To ensure the high quality of the database, while at the same time highlighting the diversity of the 572 

research landscape, we include in this systematic review the broadest possible range of the studies. 573 

Thus we only remove the single study with “weak evidence”. Thus the final database used for the data 574 

extraction included 301 studies, of which 285 were empirical studies and 16 review papers of 575 

empirical studies. 576 

Coding and meta-data extraction 577 

Three broad categories of meta-data was extracted from each paper, and subsequently used for the 578 

analysis and visualisation. Table S1 in Supplementary Material shows the summary of coding for 579 

meta-data extraction. 580 

The first type of meta-data reflected the general study characteristics, including the (a) site location, 581 

(b) publication year, (c) spatial and temporal scale, (d) research types and objectives, and (e) the types 582 

of stakeholder engagement. We used Google map to collect the longitude and latitude coordinates of 583 

the studied sites for those studies that did not provide actual coordinates. We created a heat map using 584 

ArcGIS version 10.5, illustrating the geographical distribution of the study sample.  585 

The second type of meta-data extraction focused on the study methodologies. This includes the 586 

information related to (a) data collection tools, (b) data analysis methods, (c) research framework, and 587 

(d) the broad academic field. This meta-data was used to explore the interdisciplinarity and the 588 

evolution of research methodologies through time using visualisation tools that illustrate the diversity 589 

of the disciplines and fields represented in the reviewed studies.  590 

The third type of meta-data forms essentially the central part of the analysis, and relates to the 591 

mechanisms through which CES contribute to human wellbeing. Data extraction was guided by a 592 

series of questions designed to unravel the mechanisms, including information related to: (a) type of 593 

ecosystem, (b) type of CES, (c) observed changes in CES provision, (d) reason for changes in CES 594 

provision, (e) affected group, (f) constituents of human wellbeing that CES contribute to, (g) direction 595 

of the impact, (h) magnitude of the impact, (i) outcome of the impact, and (j) description of the 596 

mechanism in open text. 597 

These variables are both closed-ended using coded ranges and open-ended using narrative answers. 598 

The former facilitates quantitative categorical analysis, while the latter facilitates the narrative for 599 

qualitative content analysis. Observations of mechanisms in which CES contribute to human 600 

wellbeing were extracted only from the empirical studies, and not from the review papers in the 601 

authors’ database (see above).  602 

From the 285 empirical studies, the authors identified 1138 observations of mechanisms linking 603 

different CES to different constituents of human wellbeing, which were divided as explained below. 604 

The elicitation of meta-data described above was performed by the first author, in close consultation 605 

with the second author on a case-by-case basis in case of inconsistencies or emerging new categories. 606 

This was to allow for the consistent elicitation of the meta-data, while at the same time ensuring an 607 

added lens for challenging cases.  608 

Elicitation of mechanisms linking CES and human wellbeing 609 

A relational content analysis was conducted for the 1138 observations of the mechanisms linking 610 

different CES with different constituents of human wellbeing. The relational analysis allowed for the 611 
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exploration of the relationships between the concepts and the identification of themes and patterns89. 612 

Inductive coding was applied to allow for the new concepts and narratives to emerge from the data 613 

itself. Figure S2 (Supplementary Material) shows the flowchart of data analysis. 614 

In order to identify the pathways linking CES and human wellbeing we conducted two coding 615 

iterations. During the first coding, the 1138 observations were systematised across 231 pathways. For 616 

the purpose of this study, we define a pathway as the linkage through which the provision or change 617 

in a single CES affects a single constituent of human wellbeing.  618 

During the second coding iteration we condensed the initial 231 pathways into 70 pathways based on 619 

similarity. These are explained in greater detail in Table S12-S14 in the Supplementary Material, with 620 

45 having a positive effect on human wellbeing, and 25 negatively (of which 17 are associated with 621 

CES degradation/loss and 8 are disservices). For the purpose of this paper we define ecosystem 622 

disservices as “the ecosystem generated functions, processes, and attributes that result in perceived or 623 

actual negative impacts on human wellbeing”90, e.g. unwanted pests, pollen allergy, vector-spread 624 

diseases, noise from wildlife, and frightening natural landscapes91,92. We view CES degradation as the 625 

process through which natural and anthropogenic drivers of ecosystem change disrupt the provision of 626 

individual or multiple CES, having detrimental impact on human wellbeing13,46,93–96. 627 

Further content analysis allowed the grouping of these 70 pathways into 4 channels of human 628 

interactions with ecosystems, and 16 types of mechanisms. This is because although some of the 629 

pathways link different CES with different wellbeing constituents, these linkages manifest in 630 

relatively similar ways in their functions to how they affect human wellbeing. Of the 16 identified 631 

mechanisms, 6 were adapted from another study15 and 10 were defined by the authors.  632 

Following an iterative content analysis, we systematised the evidence from the literature in this new 633 

typology and conceptual framework that links CES and human wellbeing, which is the main 634 

conceptual contribution of this systematic review. Table S12-S14 in Supplementary Material outlines 635 

all of the 70 pathways, identifying the CES, constituents of human wellbeing and mechanisms of 636 

interaction, citing examples from the literature.   637 

Finally, the authors re-coded the entire dataset using this new typology of mechanisms. The final 638 

coded variables were all categorical variables, which were then used for further quantitative data 639 

analysis and visualisation as outlined below. We used alluvial diagrams to visualise the frequency of 640 

the mechanisms documented in the reviewed studies. 641 

Quantification of the effect of different mechanisms  642 

Considering that the different studies used quite different quantitative and qualitative measures for the 643 

contribution of CES (or their change) to human wellbeing it was not possible to conduct a proper 644 

meta-analysis. Instead we used a semi-quantitative normalisation approach that normalised the 645 

contribution of CES to human wellbeing between studies. This normalisation approach relied on 646 

expert judgement and followed the process proposed in Berrang-Ford et al97.  647 

In summary, the criteria used for the normalisation were the magnitude and direction of the impacts. 648 

The direction of impact was coded as: (a) positive, (b) two-way, (c) negative, and (d) not concluded. 649 

The magnitude was designated as (a) high negative impact (score=-2), (b) low negative impact 650 

(score=-1), (c) no significant effect (score=0), (d) low positive impact (score=+1), and (e) high 651 

positive impact (score=+2).  652 

The data for the magnitude of impact (score -2 to + 2) was extracted in two steps. First, this came 653 

from the text of each study where the studies’ authors explicitly indicated whether the impacts are 654 

high or low as perceived by their respondents. Second, for the studies that did not clearly clarify the 655 

impact magnitude, we used expert judgement to provide the scores using a series of criteria, namely 656 

depth, scale, and speed (Table S11, Supplementary Material)97. Any observation, that met one of the 657 

conditions for high depth, scope or speed, was classified as a high magnitude impact.  658 
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Upon calculating the impact scores for each observation, we grouped together the observations 659 

belonging to the same pathway linking a particular CES to a constituent of wellbeing. Three matrix 660 

heat maps were produced to show (a) the average impact scores for these mechanism, and (b) the 661 

frequency of their presence in the reviewed studies. 662 

Latent Class Analysis and Multiple Correspondence Analysis 663 

We performed Latent Class Analysis (LCA) to identify possible CES synergies. LCA is a statistical 664 

tool that allows for the analysis of multivariate categorical data to identify the latent classes based on 665 

similar patterns98. In this study we use LCA to identify the CES assemblages through unobserved or 666 

“latent” classes99. We extracted eight unweighted variables that characterised the observed 667 

mechanisms including (a) type of ecosystem, (b) type of CES, (c) channel of interaction, (d) affected 668 

group, (e) constituent of human wellbeing, (f) type of mechanism, (g) direction of impact, and (h) 669 

magnitude of impact. Table S1 in the Supplementary Material provides the actual codes of these 670 

variables.  671 

The analysis was conducted using the open access PoLCA R package. We conducted the analysis for 672 

up to 6 classes, re-estimating the model until identifying the maximum likelihood solution. The 673 

Bayesian information criteria (BIC) were used to determine the appropriate number of classes to 674 

select. Detailed information of the BIC, sensitivity, specificity and accuracy tests can be found in 675 

Table S8 in the Supplementary Material. The general patterns and characteristics of each class were 676 

drawn to characterise the underlying ecosystem services assemblages and synergies. 677 

We have to point here that we introduce this notion of assemblages, as CES (and the pathways 678 

through which they contribute to human wellbeing) also tend to interact with each other in complex 679 

ways. By the terms “CES pathway assemblages” we refer to subsets of the 231 identified pathways 680 

linking CES and wellbeing that appear significantly related and interactive. Each assemblage tends to 681 

contain a set of pathways that likely link a specific set of CES and contribute to a specific set of 682 

human wellbeing constituents via some explicit mechanisms with some potential synergies and trade-683 

offs1. We loosely adopt this concept of assemblages from philosophy100 to emphasise the complexity 684 

and the relationship between the part (single CES, single pathways) and the whole (assemblage of 685 

CES and pathways). In this sense while a single CES via a single pathway can influence 686 

autonomously human wellbeing, when these interact in the assembled whole they create synergies, 687 

trade-offs and a dynamic whole.   688 

We then performed a Multiple Correspondence Analysis (MCA) to supplement the results of the LCA 689 

and to explore further the trade-offs and synergies among specific sets of variables. The MCA method 690 

could be seen as a generalisation of the Principle Component Analysis (PCA) when the analysed 691 

variables are categorical instead of quantitative101, which is applicable to our dataset. Through the 692 

MCA we produced plots that summarise and display the relationships between categorical variables 693 

by calculating the chi-square distance between the categories of the variables and individuals102. We 694 

conducted the MCA with subsets of variables to investigate a more explicit correspondence among 695 

ecosystems, users, and their wellbeing.  696 

For all analyses, we presented and interpreted the first two dimensions as the eigenvalues decrease 697 

regularly with small difference after the third dimension101. We filtered results by selecting variable 698 

categories with higher contributions to a dimension, which exceeded the expected average value. The 699 

MCA and related visualisations were performed through the FactoMineR packages in R software103.  700 

 701 

                                                           
1 Synergies refer to situations where the delivery of multiple ecosystem services is enhanced simultaneously 
having reinforcing effects to multiple constituents of human wellbeing116. Trade-offs refers to situations where 
the delivery of one service is at the cost of reducing the delivery of another service, which consequently 
increasing some constituents of human wellbeing while reducing others 116,117.  
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 702 

Challenges and limitations 703 

Despite its extensive focus, the systematic review presented in this paper has a series of limitations. 704 

These include the (a) non-inclusion of grey literature, (b) keyword selection, (c) quantification method 705 

and synergies/trade-offs analysis, and (d) publication bias. 706 

Regarding (a), the systematic review included only peer-reviewed literature and excluded grey 707 

literature. The authors consciously made this decision to ensure the reliability and reproducibility of 708 

the results. We are aware that a large fraction of the documents reporting the benefits people obtain 709 

from ecosystems are not peer-reviewed papers. This is because practitioners and government agencies 710 

that implement relevant projects are less likely to write academic papers about their actions. 711 

Furthermore, most of the relevant knowledge linking CES and human wellbeing from Indigenous and 712 

local communities is not found in peer-reviewed papers7 despite its importance for understanding 713 

human-nature relations104 In this sense while this systematic review can indicate the current scientific 714 

evidence about the pathways linking CES and human wellbeing, it should not be taken as the totality 715 

of the evidence about these linkages. 716 

Regarding (b), even though this review uses a wide range of keywords, these terms were confined to 717 

the conception of CES and human wellbeing in the broad fields of ecosystem services and 718 

biodiversity conservation. In this sense it was not possible to include all keywords related to possible 719 

constituents of human wellbeing and the interaction between humans and nature brought up in other 720 

fields and disciplines such as sociology105 and psychology106. With that in mind the authors carefully 721 

considered and refined all search terms based on the prevailing terminologies in the field. Although 722 

we believe that the search terms allow for the very good identification of the research landscape and 723 

related trends at the interface of CES and human wellbeing, we also acknowledge that the keyword 724 

selection might have possibly underrepresented literature outside the ecosystem services and 725 

biodiversity conservation fields.  726 

Regarding (c), there are limitations associated with normalisation and the statistical methods used for 727 

quantitative analysis. The quantification of the impacts of CES (and their change) on human 728 

wellbeing may oversimplify the relationship between humans and nature. The authors only focused on 729 

the positive and negative contributions of CES to human wellbeing, and did not take into 730 

consideration the complexity of two-way impacts and feedback loops. Many studies depict the 731 

positive or negative human-nature feedback loops that reinforce or balance the impacts of nature on 732 

humans and vice versa 107,108. For example, people with stronger inclination towards nature interact 733 

with green spaces and biodiversity more intensively, which in turn, increases their attachment and 734 

inclination towards nature34. Due to the complexity of the quantification such feedback loops were not 735 

captured in our analysis. Finally, the normalisation approach used for the quantifying the effects of 736 

CES on human wellbeing was based on expert judgement. Although we followed an established 737 

approach97 and very clear criteria (Table S11, Supplementary Material) the fact remains that this 738 

expert approach may introduce certain uncertainties and biases, which should be kept in mind when 739 

reading and generalising our findings.  740 

Regarding (d), we acknowledge the possibility of publication bias in the reviewed studies, which 741 

refers to the selective publication of studies based on the magnitude and direction of the results and/or 742 

the areas of interest of the authors55. In qualitative research, factors that may lead to publication bias 743 

include findings that are against current belief and value systems, not in line with research funding, 744 

and viewed as unpopular by the decision-makers56. However, unlike the meta-analyses of quantitative 745 

research where publication bias can be formally tested, there is little knowledge on methods of 746 

detecting such biases in meta-syntheses of qualitative research like ours56. This sensitivity on 747 

detecting the publication bias is a recurring criticism of meta-syntheses of qualitative research56, and 748 

needs to be taken into consideration when generalising our results. 749 
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TABLES 751 

Table 1: Mechanisms linking CES and human wellbeing.  752 

No Type of mechanism Definition Example 

Sample cultural 

ecosystem service 

Channel of 

interaction 

Sample 

constituent of 

wellbeing 

Description 

1 Cognitive* The development of knowledge and 
understanding through interaction with 
nature. 
 

Education Intellectual 
practice 

Learning & 
Capability 

Ecosystems are a source of learning and knowledge about the environment, history, 
culture and human relationship. Ecosystems provide opportunities for scientific 
research, environmental education, and learning from older generations. The education 
of children within/through the natural environment can assist in the development of 
knowledge, skillsets and a sense of wonder for the world17,35 

2 Cohesive The development of meaningful 
relationships between people via 
interaction with nature. 
 

Social relation Cultural 
practice 

Connectedness & 
Belonging 

People can develop bonds with family members, friends and other individuals through 
the interaction with nature. Social interactions and activities in natural setting such as 
camping trips and social events in natural settings can strengthen ties, reinforce 
fundamental values and inspire respect, responsibility, solidarity and caring for others, 
broader communities and the environment63 

3 Communicative* The development of social communication 
and conversation via interaction with 
nature. 
 

Knowledge system Intellectual 
practice 

Learning & 
Capability 

In some cultural contexts, the knowledge of the culture and the practices needed for 
survival are part of the people’ capacity for self-determination and personal 
development. These are often transmitted via communication between elderly people 
and young people at cultural events in natural settings, which are essential in this 
process. For example, indigenous communities transmit via communication in natural 
settings knowledge systems that are important for their personal development and 
livelihoods109. 

4 Creative* The experience of new and original 
situations that inspire artistic work, 
aesthetic appreciation, creativity, and 
freedom (among others) via interaction 
with nature 

Inspiration value Cultural 
practice 

Inspiration & 
Fulfilment of 
Imagination 

Nature has inspired people throughout the history of humanity for artistic expression. 
Such examples can be inspiration to paint, draw, take photos, be active/get out, 
conserve, manage, protect, discover, explore, and generally think about things15 

5 Evolutive The gradual change of people’s 
personality, moods, feelings, attitude, 
perception, behaviour, values and belief 
systems over time (more often internal 
change) via interaction with nature. 
 

Recreation and 
tourism 

Cultural 
practice 

Learning & 
Capability 

On many occasions the natural environment tends to make people more friendly, 
playful, elated, and affectionate over time17.  In some cases nature-based recreation 
activities are gratifying and gradually increase courage or self-esteem35 

6 Formative The change of people’s moods, feelings, 
attitudes, perception, behaviours, and 
values that is relatively instant or over 
short periods of time (more often internal 
change) via interaction with nature  

Aesthetic value Form Identity & 
autonomy 

Ecosystems offer spaces for individuals to instantly express their personal 
distinctiveness and identity without feeling constrained by external factors such as the 
norms and values imposed by society. In some cases being in nature immediately 
enables achieving a personal sense of freedom and escapism from the social boundaries 
created by extrinsic factors of society. The sense of freedom and autonomy inspired by 
wild nature in that moment can allow individuals to strengthen their own intrinsic 
values and beliefs and to feel they can be free and make their own choices in lives110 

7 Intuitive* The sensual experiences, human instincts 
and feelings (often of a spiritual and 
religious nature) via interaction with 
nature 

Spiritual value Spiritual 
practice 

Spirituality Many people experience something deeply spiritual when they interact with nature. In 
some geographical contexts people find meanings in nature from the time they are born 
to the time they die, while the sense of spirituality attached to nature can bring hope, 
faith, personal beliefs/values, and empowerment43  

8 Regenerative* The generation of restorative outcomes 
(e.g. alleviation of fatigue and emotional 
stress) through recreation, leisure, tourism, 

Recreation and 
tourism 

Cultural 
practice 

Mental health 
Physical health 
Subjective 

Interaction with nature can improve mental health by helping to (a) reduce stress, 
anxiety and depression, (b) reduce visits to psychologists, (c) improve sleeping quality, 
(d) reduce the use of antidepressants, sleeping medicine and sedatives, (e) increase 
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escapism, and therapy via interaction with 
nature 

wellbeing vitality, (f) decrease cognitive decline, (g) increase ability of recovery and healing from 
crisis, and (h) reduce mental fatigue and illness12,28  
Benefits to physical health through interaction with nature include (a) lower body mass 
index, (b) reduced prevalence of disease, (c) reduced obesity, (d) lower somatisation 
level, (e) decreased cognitive decline, (f) reduced blood pressure, heart rate and muscle 
tensions, (g) improved immune system, (h) increased restoration and healing, and (i) 
lower mortality risk12.  

9 Remunerative The economic benefits people obtain from 
ecosystems through non-material benefits 
in cash or other forms of money 

Recreation and 
tourism 

Cultural 
practice 

Economic 
wellbeing 

Nature-based tourism can directly or indirectly contribute to the livelihoods of local 
communities and broader economic growth. Examples include the direct generation of 
revenue from accommodation, transportation, guided tours and food and beverage sales. 
Broader indirect contributions include poverty alleviation and employment 
generation111,112  

10 Retrospective* The personal memories and reflections of 
the past through prior interaction with 
nature  

Sense of place Form Identity and 
Autonomy 

Natural landscapes are important to some people as they have evolved emotional and 
cognitive bonds, becoming parts of their personal and collective memory and their life 
stories113  

11 Satisfactive The feeling of satisfaction and fulfilment 
of expectations and needs associated with 
interaction with nature 

Cultural heritage 
value 

Cultural 
practice 

Subjective 
wellbeing 

 Engaging in ecosystem-related livelihood activities can instil pride and sense of 
satisfaction. In many cases farmers through their livelihood engagement with nature 
feel fulfilled, have pride for their lives, and a sense of purpose in life when putting a 
good day at work110. 

12 Transactive The social benefits people obtain by 
bartering or trading the products of 
ecosystems 

Cultural heritage 
value 

Cultural 
practice 

Economic 
wellbeing 
Connectedness and 
belonging 

For many indigenous communities, particular species carry a special cultural heritage 
value that can be utilised for exchange and trades among kins to sustain the reciprocal 
relationships essential to their functioning114  

13 Transcendentive The benefits that lie beyond the ordinary 
experiences and the regular physical 
realm, more often associated with 
religious or spiritual values through 
interaction with nature 

Spiritual value Spiritual 
practice 

Spirituality Many people and communities experience ecosystem-inspired feelings related to 
“entities larger than themselves”115. For some people being in natural settings makes 
them appreciate people’s connection to all things in the Universe17.   

14 Apprehensive The anxious and fearful feeling generated 
from interaction with nature. 
 

Aesthetic Form Certainty, sense of 
control and security 

Some people are afraid of their safety when encountering certain natural features via 
visual or auditory interactions, such as scary animals, dangerous predators, animal 
blood, and areas that are dark with high tree cover, among others 12,14,40 

15 Destructive The direct damages caused to health, 
relationships, finance, and capability 
(among others) due to interaction with 
nature of the loss of CES 
 

Aesthetic Form Economic 
wellbeing 

Some ecosystem disservices associated with CES can increase the direct cost for repairs 
and maintenance, control or remove unwanted species. For example damage to physical 
structures can be caused, by accelerating corrosion due to bird excrements, or the 
destruction of pavements due to tree roots or animals digging nesting holes44 

16 Irritative The unpleasant and annoying feelings 
people obtain through their interaction 
with nature. 

Aesthetic Form Mental health Some ecosystem disservices associated with CES cause negative feelings such as 
annoyance and discomfort, e.g. annoyance or disgust wildlife noise, animal excrements 
or plant litter (Lyytimäki et al., 2008; Hussain et al., 2019)  

Note: The six mechanism indicated with (*) are adapted from previous study15, while the other 10 mechanisms are defined by the authors. For each of the 753 

mechanisms we provide as an example a unique pathway of CES-mechanism-constituent of human wellbeing. It should be noted that some mechanisms 754 

mediate more CES-human wellbeing connections. A comprehensive explanation of the different pathways for each mechanism can be found in Table S12-14 755 

in the Supplementary Material. Due to certain overlaps the positive (No. 1-13) and negative (No. 14-16) mechanisms are presented in alphabetical order 756 

rather than some other taxonomy. 757 

 758 
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FIGURES 759 

 760 

 761 

Figure 1: Focus of the articles used in the systematic review. Panel (a) contains a heat map showing the spatial distribution of the reviewed studies globally. 762 

Panel (b) contains a bar chart of the total number of publication by ecosystem types. Panels (c) – (h) contain bar charts of the total number of publication by 763 

region for different ecosystem types.764 
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Figure 2: Frequency of the mechanisms documented in the reviewed studies. The width of each line 
linking any two elements in the alluvial diagram represents the number of relevant observations (out of 
the unique 1138 total observations). This essentially represents the popularity/visibility in the reviewed 
literature and should not be perceived as a metric of importance/weight linking any two components.    

Cultural ecosystem 

services 
Channel of 

interaction 

Type of mechanism Constituent of 

human wellbeing 
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Figure 3: Relative contribution of individual pathways to human wellbeing. Each box or empty space represents a unique pathway of a single CES to a single constituent of human 
wellbeing via a single mechanism. For simplicity we list all of the 16 mechanisms explained in Table 1 for each CES (y-axis) and cross map them to each constituents of human 
wellbeing (x-axis). Boxes indicate a unique combination of CES-mechanism-human wellbeing found in the literature (i.e. in the 1138 observations divided into 231 unique 
pathways during the first iteration of the coding; see Methods – Elicitation of mechanisms linking CES and human wellbeing), while blank spaces indicate unique combinations 
not found in the literature. The size of each box represents the number of studies that captured the specific pathway. The colour of each box represents the average effect of the 
specific CES to the specific constituent of human wellbeing via the specific mechanism after normalising each relevant observation with a score of -2 to +2.  
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Figure 4:  Trade-offs and synergies between CES, constituents of human wellbeing and mediating mechanisms. The clusters are identified through 
Multiple Correspondence Analysis (MCA). The significant associations account for 7.1 % of the variance of the first dimension (axis x) and 7.3% 
of the variance of the second dimension (axis y). 
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