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Abstract: Trade-offs in ecosystem services (ES) manifest when the enhancement of one service leads 

to the diminishing of another. These trade-offs pose a notable challenge, impacting the sustainability 

of particular socio-ecological systems peri-urban landscapes (PULs). This issue arises from the 

dynamic processes associated with peri-urbanization, posing threats to natural ecosystems and their 

services in peri-urban areas. Additionally, the escalating demand for ecosystem services in PULs 

contributes to these trade-offs. Policy making and planning concerning ecosystem ES trade-offs in 

PULs should prioritize the promotion of a balance between conflicting services and foster synergies 

among them. However, it is noteworthy that ES trade-offs in PULs are not given high priority on 

policy and planning agendas. Knowledge regarding policy development and planning for ES trade-

offs in PULs often remains concealed within specific country and regional case studies. 

Consequently, this research seeks to characterize the ES trade-offs in the selected PUL case studies, 

with the objective of identifying potential commonalities among them. Furthermore, the study aims 

to identify: (i) the factors driving ES trade-offs, (ii) challenges pertaining to how policy-making and 

planning address ES trade-offs in PULs, and (iii) recommendations for enhancing governance 

practices to better manage peri-urban ES trade-offs. We designed a semi-quantitative survey and 

collected information about 23 different case studies, located across the world. Answers from this 

survey were analyzed with the help of Principal Component Analysis approach. The results showed 

that the most common trade-off occurred between “cultural and provisioning” and “regulating and 

provisioning” ES. It was found that urban development is the basic driver behind emerging of the 

examined trade-offs. To tackle this issue at the governance level, the study recommends establishing 

mechanisms to facilitate collaboration among stakeholders. This should be accompanied by robust 

dissemination efforts and the promotion of awareness among actors regarding the fundamental 

concepts of ES and PULs. 

Keywords: awareness; conflict; planning; principal component analysis; similarity patterns 

 

1. Introduction 

1.1. Ecosystem Services Trade-offs in Peri-Urban Landscapes 

Ecosystems are often modified to enhance the provision of specific services [1]. Peri-urban 

landscapes (PULs) are examples of specific areas where land-use changes occur in a very dynamic 

way, thus producing modifications in the provision of services of the related ecosystems. PULs are 
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wide portions of man-modified landscapes embedded in a (semi)rural context [2] in a continuous 

spatiotemporal manner and often within large metropolitan regions [3]. PULs are characterized by 

low density urban fabric and different types and mix of land-uses and urban services, including 

residential, commercial, industrial, farmlands and semi-natural areas and ecosystems [4]. Such a 

mixture of land-uses is the result of dynamic socio-ecological changes, obtained faster than in other 

urban contexts and at usually higher extent of soil consumption, with many environmental 

externalities generated [5,6]. If not correctly planned and or man-aged, such rapid changes can often 

lead to trade-offs in the provision of ecosystem services (ES). ES trade-offs represent a situation, 

where one ES decreases as a result of increase of another ES [7]. Very of-ten ES trade-offs occur in the 

situation, where two types of ES support different objectives [1]. Specificity of ES trade-offs depends 

on the context, were they are identified [8]. Trade-offs also occur when there is a difference between 

the supply and demand for certain services, leading to an unbalanced or unfair distribution of 

services to people [9]. So far ES trade-offs have been studied from different perspectives over the past 

decades, for example focusing on categories of spatial, temporal, reversible, and among-service trade-

offs [10]. 

1.2. Drivers and Management of Ecosystem Services Trade-offs 

A driver is a factor related to human management activities, which affects ES [1]. Specifically, 

many ES trade-offs are driven by land use and land cover changes [10] or urbanization processes [11]. 

These process-es have a significant relevance in peri-urban contexts, due to the dynamic changes in 

land use and land cover. Drivers can change dynamically in time, especially for transitioning 

landscapes, like PULs. Thus, divers of ES trade-offs need to be analyzed in a specific time context and 

cannot be generalized over time. Ignoring the history of a landscape and related ecosystems might 

lead to an increase trade-off, instead of synergies among ES [11]. Failing to recognize and address 

drivers of ES trade-offs could lead to inequalities in ES provision and, to some extent, irreversible 

damages for some ecosystems [12]. Identifying potential trade-offs occurring in a certain landscape 

enables the design of effective management decisions aiming to minimize social conflicts and possible 

environmental issues [13]. Nevertheless, ES trade-offs are still a problematic issue for policy makers 

and planners, mainly due to difficulties in assessments of relations among ESs [14], even if promoting 

synergies among ES trade-offs needs to be one of the priorities of current land-use policies [15]. 

Moreover, recent research shows that instruments for environmental management and policy 

making could be per-se one of the ES trade-offs drivers [10], classified as socio-ecological group of 

drivers [1]. In particular, political practices, socioeconomic incentives and technological progresses 

are the set of drivers potentially generating ES trade-offs [16]. The interaction of different 

administrative and hierarchical levels of governance actors could be also seen as one of important 

drivers of ES trade-offs [17], as specific services increased for higher administrative level can be 

followed by loss at more local level. 

1.3. Policy Making and Spatial Planning in Peri-Urban Landscapes to Address Ecosystem Services Trade-

offs 

When looking at PULs, important ES trade-offs are related either to agricultural activities [18] or 

recreational activities, that both intensively emerge in such landscapes [19]. Although some cities 

develop different policy mechanisms to address sustainable food production in PULs and reduce ES 

trade-offs, the efficiency of these policies is either difficult to assess or rather low [20]. The integration 

of top-down and bottom up governance approaches has been also advocated [4], e.g., to achieve such 

a goal, it is important to address influential users and context setters, as those actors are often 

responsible for ES trade-offs [8] and to implement more efficient spatial planning measures in PULs 

[20]. Overall, spatial planning measures are needed to support the improvement of rural-urban 

relationship, representing the most typical peri-urban feature [20]. 

1.4. Research Gap and Research Aims 
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In this paper we want to look on real world examples of ES trade-offs in PULs identified in 23 

case study regions including PULs, with particular reference to normative instruments, policies and 

plans that try to tackle some ES in different geographical contexts. To this aim, we performed a 

detailed survey with regional experts of ES, to get knowledge related to policy making and spatial 

planning for the specific con-text of PULs. More specifically, this paper has the following specific 

aims: (i) To characterize the case study regions containing PULs and analyze the ES trade-offs, 

identifying possible similarity patterns among them, according to the administrative level, continent, 

and eco-nomic development level; (ii) to describe drivers of peri-urban ES trade-offs at each case 

study region; (iii) to characterize obstacles, concerning to how ES trade-offs in PULs are addressed 

by policy instruments and spatial planning documents of each case study region; and (iv) based on 

the case studies analyzed, to describe possible improvements on how ES trade-offs could be better 

addressed by policy making and planning in PULs. 

2. Materials and Methods 

To facilitate our research aims we implemented an on-line survey. Such a qualitative research 

method has several advantages related mainly to its flexibility [21], as it can reduce interview bias, 

simplifies data collection and processing and increases convenience of respondents [22]. Other ES 

related studies have successfully implemented this method to display advantages and risks of using 

ES concept in participatory planning [23] or to discuss about academic teaching of ES concept [24]. 

The survey was forwarded to members of the following networks: International Association of 

Landscape Ecology (IALE), Global Land Programme (GLP), and IUFRO Landscape Ecology Working 

Party. We also used our personal scientific networks to contact scientists and peers working in the 

field of governance, planning and ecosystem services in peri-urban contexts. The survey was 

forwarded by the notice of data protection and explanation of the survey objectives and contained 25 

questions, 17 close ended and 8 open ended. Questions were organized into six following main 

sections: (i) profile of the respondent, (ii) information about the case study region where PULs are 

located, (iii) ES trade-offs, (iv) ES trade-offs drivers, (v) policy instrument, and (vi) planning 

document. First section allowed us to gather general information about our respondents’ profiles. 

The second section contained questions about the case study region where PULs are located, that 

beside basic statistical data, show details of the natural ecosystems’ types and types of ES present in 

the region. Section three allowed us to gather information about ES trade-offs in the analyzed PULs. 

The following pairs of ES trade-offs were analyzed: (i) cultural and provisioning ES trade-offs, (ii) 

cultural and regulating ES trade-offs, (iii) regulating and provisioning ES trade-offs, (iv) different 

types of cultural ES trade-offs, (v) different types of provisioning ES trade-offs, and (vi) different 

types of regulating ES trade-offs. Section four contained closed ended questions about drivers of ES 

trade-offs, where answers were pre-defined based on other studies [4]. Section five of the survey 

collected data about policy instruments, while section six was about planning documents, that were 

so far addressing ES trade-offs in the analyzed case study regions. Open-ended questions were about: 

(i) obstacles related to a policy instrument / planning document to better address ES trade-offs 

(question #18 and #24, and (ii) potential improvements to a policy instrument / planning document 

to better address ES trade-offs (questions #19 and #25). The answers to these open-ended questions 

were content analyzed and the specific topics emerged from this analysis were included in the results. 

Finally, all closed ended questions’ answers were binary coded: “1” is detecting a positive answer to 

a question (e.g., a selection of an available answer option by a respondent), while “0” is detecting a 

negative answer to the question (e.g., a lack of selection of an available answer option by a 

respondent). Detailed questions addressed in this survey together with their codes are presented in 

Table A1. 

Descriptive statistics were used to characterize the analyzed case study regions and PULs. 

Answers pro-vided to the open-ended questions about obstacles concerning to how ES trade-offs in 

PULs are addressed by policy instruments and spatial planning documents (e.g., questions #18 and 

#24) were content analyzed. Recurring aspects identified in those answers were listed and used for 

presenting the results of them (Table A2). Similar analytical procedure was applied to questions #19 
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and #25 about improvements to better ad-dress peri-urban ES trade-offs in governance and planning. 

To evaluate similarities among the 24 study cases identified by responses to the questionnaire, we 

performed two separated Principal Component Analysis (PCA): (i) one for characterization of each 

case study, and (ii) another for ES trade-offs. PCA reduces data multidimensions and minimizes 

information loss, allowing to detect the more relevant characteristics to represent variability [25–27]. 

We used a Monte Carlo permutation test (n = 999) to assess the significance of each axis at each PCA, 

and set correlation coefficients among columns for the final cross-product matrices. In each PCA, we 

analyzed the whole group of responses (41 variables for characterization and 36 variables for ES 

trade-offs), but only those with low redundancy and higher correlation with Axes 1 and 2 were 

selected for graphical representation (eigenvalues >0.200 in the two first axis). In each PCA, similarity 

patterns were explored in relation to (i) administrative levels types (single municipality, metropolitan 

area, region), (ii) continents (America, East Europe, West Europe, Africa, and Asia), and (iii) economic 

development levels (low, medium, high) according to Human Development Index [28]. For this last 

classification, the three categories were: low for Human Development Index <0.76 (Azerbaijan, 

Cameroon, Ecuador, Mongolia, Nigeria), medium for 0.76-0.87 (Argentina, Belarus, Chile, Iran 

Mexico, Portugal), and high for >0.87 (Germany, Greece, Italy, Poland Slovenia, US). Complementary, 

we used Multi-Response Permutation Procedures (MRPP) with Bray-Curtis distance, to evaluate 

significance of differences among groups, according to geographical area types (single municipality, 

metropolitan area, region), continents (America, East Europe, West Europe, Africa, Asia) and 

economic development levels (low, medium, high), based on the same matrix of PCA analyses. We 

calculated the MRPP statistic (T) with the chance-corrected within-group agreement (A) and the 

associated probability (p) [29]. Subsequent pairwise groupings were tested to determine the 

significance of the differences (p <0.05) [30]. We performed multivariate analyses in PCORD 5.0 

software [31]. 

3. Results 

3.1. Characterisation of the Case Studies 

A total of 23 complete responses to the survey have been analyzed, each of them dealing with 

one case study of PULs located in different countries and regions. Among the study cases, ten are 

located in Europe (42%), seven in Southern America (29%), three (13%) are in Asia, three (13%) are 

located in Africa, and only one is located in North America (Figure 1). 

 

Figure 1. Localization of the case study regions. 

Case studies were classified into 3 categories of administrative levels: regional, metropolitan 

area, and single municipality PULs. The characterization of the case studies depended on the 

following factors: (1) types of ecosystems (Figure A1), (ii) types of ES (Figure A2), and (iii) types of 

ES trade-offs (Figure A3). The two types of ES trade-offs “cultural and provisioning” and “regulating 

and provisioning” were mentioned in almost all the case studies. The data shows a relatively even 
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distribution across the three categories of administrative levels with “regional PULs” slightly more 

represented than the other two. The category of “different types of regulating ES trade-offs” emerged 

only in 54% of the samples. It is worthy to note that in more than 80% of the analyzed case studies, 

all types of ES trade-offs are considering challenging. 

In the PCA using the case study characterization information (Figure 2), the first two axis were 

significant (Axis 1: eigenvalue = 21.958, p = 0.001; and Axis 2: eigenvalue = 17.399, p = 0.001), 

explaining respectively 38.4% and 30.5% of the variance (68.9% explained accumulated variance). The 

more relevant characteristics were, in decreasing order, the presence of inland wetlands (B11) and 

inland waters (B13) among the ecosystem types, as well as the domination of large (A2) or small (A3) 

cities, or spares population regions (A7) (codes are explained in Table A1; eigenvectors for each 

variable are in Table A3). In the PCA about ES trade-offs (Figure 2), the first two axis (Axis 1: 

eigenvalue = 14.218, p = 0.027; Axis 2: eigenvalue = 11.138, p = 0.010) explained respectively 27.6% 

and 21.6% of the variance (49.2% explained accumulated variance). 

 

Figure 2. Study cases (left) and ordination variables (right) after Principal Component Analysis for 

the characterization of the case studies and trade-offs. Study cases that are closer indicate higher 

similarities among them; longer vectors indicate higher influence in case ordination. For the 

characterization analysis (upper), graphs are vertically flipped and 28º rotated; for the trade-offs 

(lower) analysis, graphs are vertically flipped and 35º rotated. See codes for ordination variables in 

the Table 1A. Codes explaining the location of the case studies: ARA = La Araucanía region (Chile); 

AZE = Greater Baku urban area (Azerbaijan); BEL = Mahiliou (Belarus); CAM = Niger Delta-Bakassi 

(Cameroon); CON = Concepción metropolitan area (Chile); ECU = Ecuador state (Ecuador); FER = 

Ferrara (Italy); GER = Berlin metropolitan area (Germany); IKO = Ikorodu (Nigeria); IRA = Gorgan 

(Iran); JIG = Jigawa State (Nigeria); KOZ = Kozani (Greece); MAC = West Macedonia region (Greece); 

MEX = Cardenas (Mexico); MIL = Southern-east part of Milan metropolitan area (Italy); MON = 

Ulaanbaatar (Mongolia); PAT = Patagonian valleys region (Argentina); POL = Wrocław functional 

area (Poland); POR = Lisbon metropolitan area (Portugal); SCR = Santa Cruz province (Argentina); 

SLO = Osrednjeslovenska region / Central Slovenian (Slovenia); TRE = Trento (Italy); USA = 

Hinesburg, Vermont (United States); USH = Ushuaia urban area (Argentina). 

The more relevant characteristics were, in decreasing order, the reduction of potential cultural 

ES as cultural and provisioning ES trade-off (E2), the loss of cultural ES as a trade-off among cultural 

ES (H3), the necessity of stricter protection of ecosystems as cultural and regulating ES trade-offs (F5), 

the need to provide food for a growing urban core as provisioning ES trade-offs (I1), and the 
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emergency of regulating ES at each study case (D6) (Table A3). In PCA for the characterization of 

case studies, the classification by geographical area types displayed the more significant grouping 

(Figure 3), validated by MRPP results (Table A4). The three categories of study cases split by area 

types (single municipality, metropolitan area and region) strongly differed among themselves (p = 

0.062), while differences among groups of cases by continents or development levels were not 

detected (p = 0.199) (Table A4 and Figure 3). In PCA for the ES trade-off, the classification of study 

cases according to continents displayed the more significant grouping (Figure 3), also validated by 

MRPP results (Table A4). The study cases grouped in East EU strongly differed from those in 

America, West EU, Africa and Asia (p = 0.064), while differences were not detected (p = 0.162) among 

other comparisons (e.g., America and West EU, Africa or Asia) (Table A4). Likewise, a slight 

difference was observed between metropolitan area and region (p = 0.092), while a weak similarity 

was observed for other comparisons such as geographical area categories (p = 0.212), or development 

levels (p = 0.334) (Table A4 and Figure 3). 

 

Figure 3. Classification of the case study PULs for the characterization (upper panel) and trade-off 

(lower panel) Principal Component Analyses (PCA) presented in Figure 2, showing geographical area 

type (single municipality, metropolitan area, region), continent (America, East EU, West EU, Africa, 

Asia) and development level (low, medium, high). 

3.2. Drivers of Ecosystem Services Trade-offs in the Case Study Regions Containing Peri-Urban Landscapes 

Drivers of ES trade-offs were identified by analysis of the responses of the survey. Concerning 

to cultural and provisioning ES trade-offs, 71% of the respondents indicated as the main driver the 

conflict between the actual land uses and request for ES by local governance actors. Moreover, other 

drivers emerged from the survey, such as reduction of the provision of recreational, aesthetic and 

spiritual potential of semi-natural landscapes (46%) and reduction of the amenity value of the PULs 

(42%). The remaining group of drivers was: reduction of the productivity of farmlands (25%), 

conflicts arising from intense recreational use of farmlands and agricultural infrastructure, unwanted 

trespassing, littering (21%), accessibility to various ES (25%) and private grounds traditionally used 

for growing vegetables replaced with lawns and playgrounds (13%). When it comes to cultural and 

regulating ES trade-offs, the reduction of the regulating capacity of ecosystems was indicated as the 
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most relevant driver (63%). The other drivers were aspects of accessibility to various ES (25%), sealing 

surfaces (46%), decrease of water retention potential (38%), and necessity of stricter protection of 

ecosystems (54%). Regarding regulating and provisioning ES trade-offs challenges related to forest 

management were the most often mentioned (63%). Other conflicts types were respectively to 

conflicts related to food production (50%), and transformations of productive farmlands into public 

areas (green areas) (38%). For different types of cultural ES trade-off, the most of-ten mentioned 

driver was conflicts between new and old PULs inhabitants related to different expectations of those 

groups (58%), while increase land value (46%) and loss of sense of place, aesthetic and spiritual values 

of PULs (38%) were less frequently mentioned. With regard to different types of provisioning ES 

trade-offs, the need to provide food for a growing urban core and the use of arable land for food or 

energy purposes were both in the 42% of responses, while the other drivers were the need to reduce 

the cost of food production (33%), decrease of forest production (25%) and planting biofuel-related 

plants (17%). About different types of regulating ES trade-offs, it was observed that urban expansion 

over agricultural forested semi-natural areas covers the 42% of the case study regions. The other 

drivers were considered less relevant, including intensify agricultural production (13%), former 

heavy industrial activity (8%), lack of general awareness about ES concept (4%), food insecurity (4%), 

lack of effective (strict) planning (21%), and last, overestimating the need for economic development 

(17%). 

3.3. Obstacles in Addressing Ecosystem Services Trade-offs by Policy and Planning  

Content analysis showed recurring aspects in the answers of open-ended questions about 

obstacles to ad-dress different types of ES trade-off by policy instruments and planning documents 

(Table A2). The obstacles are reported in Table 1 while their relative frequencies are reported in Figure 

4. The obstacle “The proposed Policy Instrument/Planning Document (PI/PD) is not explicitly 

addressing ES trade-offs”, emerges as the most relevant. This points out to a lack of adequate policy 

instruments or planning documents that can efficiently address the existence of peri-urban ES trade-

offs in the case study regions. This is particular evident in the “Metropolitan areas” as reported in 

Figure 4. 

 

Figure 4. Type of possible obstacles (8 categories distributed by geographical areas) related to the 

addressing of ecosystem services (ES) trade-offs in peri urban landscapes (PULs). PD = planning 

document, PI = policy instrument. 

Table 1. Identification of obstacles in addressing peri-urban landscapes (PULs) ecosystem services 

(ES) trade-offs by policy and planning. PD = planning document, PI = policy instrument. 

Obstacles 

1. Resistance (for political or bureaucratic reasons) towards normative innovation that would 

allow the implementation of new policy/plan to address trade-offs in PULs. 
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2. Lack of coordination between different Policy Instrument/Planning Document (PI/PD) that 

are addressing different parts of a PULs. 

3. Lack of awareness among governance actors about issues in PULs and specifically their 

impact on ES provision. 

4. Difficult to secure financial resources to implement proposed PI/PD. 

5. Lack of economic resources for investment in addressing ES trade-offs in PULs. 

6. Difficulty to involve local governance actors in the implementation process of the proposed 

PI/PD. 

7. The proposed PI/PD does not include inter-communal cooperation. 

8. The proposed PI/PD is not explicitly addressing ES trade-offs. 

In addition, a cross-analysis between the indicated obstacles and the seven categories of ES 

trade-offs included in the survey was conducted, to jointly analyze the frequency distribution of 

specific type of obstacles and specific categories of trade-offs (Figure A4). It can be interesting to 

observe how the three types of obstacles that are more relevant can interact with each category of ES 

trade-offs in a specific way. In particular, the obstacle “resistance towards normative innovation” is 

the one with highest frequencies for all categories of ES trade-offs, especially for the “cultural vs 

provisioning” and “regulating vs provisioning”. On the other side, the obstacle “it is difficult to 

constantly secure financial resources to implement the proposed policy instrument/planning 

document”, has the lowest frequencies on all categories of trade-offs, except for the “different types 

of regulating ES trade-offs”. In general, the latter is the category of trade-offs with the highest 

frequencies for all types of obstacles. 

3.4. Improvements to Better Address Peri-Urban Ecosystem Services Trade-offs in Policy Making and 

Planning  

Content analysis showing recurring aspects identified in the answers for open-ended questions 

addressing improvements to better address peri-urban ES trade-offs in policy making and planning 

are presented in the Table A2. Based on this we distilled several suggestions for possible way to 

address trade-offs. They are shown in Table 2 and their relative frequencies are reported in Figure 5. 

In terms of type of possible improvements, it is observed that the type of improvement 

“implementation of the proposed policy instrument/planning document should be based on 

improved cooperation/communication of different governance actors” is relevant in more than 45% 

of the cases included in the survey (Figure 5). 
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Figure 5. Types of improvements (categories from 1 to 5 by administrative level) to the proposed for 

better addressing ecosystem services (ES) trade-offs in peri-urban landscapes (PULs). PD = planning 

document, PI = policy instrument. 

Table 2. Identified improvements to better address peri-urban landscapes (PULs) ecosystem services 

(ES) trade-offs in policy making and planning. PD = planning document, PI = policy instrument. 

Improvements 

1. The proposed PI/PD should include options/proposals for financial source (incentives, other 

economic/fiscal mechanisms) for their actual implementation. 

2. Implementation of the proposed PI/PD should to be based on improved cooperation / 

communication of different governance actors. 

3. New and innovative PI/PD should be developed, which include / incorporate ES concept 

(based on a better understanding of this concept). 

4. The proposed PI/PD should better monitor ES trade-offs in PULs. 

5. General awareness about peri-urbanization processes and specifically their impact on ES 

provision should be improved. 

Moreover, the distribution of the data according to the administrative levels seems quite similar, 

with the category “region” and “metropolitan area” more preponderant than the category “single 

municipality”. This study analyzed existing connections (cross-analysis) between type of possible 

improvements and categories of ES trade-offs (Figure A4 and A5). According to these results the 

types of possible improvements, e.g., “general awareness about PU processes and specifically their 

impact on ES provision should be improved”) and number “new and innovative policy 

instrument/planning document should be developed, which include/incorporate ES concept based 

on a better understanding of this concept” have reported higher frequencies for all the categories of 

ES trade-offs. Besides these two, the type of improvement number “implementation of the proposed 

policy instrument/planning document should to be based on improved cooperation/communication 

of different governance actors underlines the need for more interaction among all different 

governance actors. 

4. Discussion 

Supply of and demand for urban ES differ greatly across the globe [32]. In PULs, ES are 

influenced by various increasing demands for food, recreation and housing, which were influenced 

by the characteristics of the cities and human settlements, where development policies address these 

demands by increasing housing and commercial site areas on the expense of agricultural and natural 

lands [33]. In our study, the study cases presented dissimilarities among their natural characteristics, 

and showed different trade-offs, generating a higher dispersion among them in the multivariate 

analyses. The dispersion of the study cases based on the natural characterization was mainly 

influenced by the city size, e.g., large (A2) or small (A3) cities, or spares population regions (A7). This 

dispersion was independent of the continent or development level of the country but was influenced 

by the geographical area size (e.g., single municipality compared to a regional level). The increase in 

the rate of urbanization across the world, and particularly in Europe, is generating ES losses, specially 

at PULs level [34]. These changes affecting their capacity to supply ES [35], and consequently, 

decreased the human wellbeing to current and future generations [36]. While compact cities aim to 

reduce land consumption, densification puts pressure on the remaining green areas, influencing ES 

provision and ultimately the life quality of the growing urban population [32,37]. Higher differences 

among geographical area types than among continents and development levels suggest that 

geographical area types are similar across continents (e.g., cultures) and development levels. In this 

sense, the characteristics of single municipalities in these study cases were more similar to regions 

than to metropolitan areas (e.g., SCR and JIG). Recent efforts to improve sustainability at landscape 

level have increased the interest to connect socioeconomic and biophysical systems, where cultural 

ES are pointed as one of the main influential factors at different spatiotemporal scales and levels of 

organization [38,39]. For example, provision of ES at landscape level in Southern Patagonia was 
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greatly influenced by cultural ES, and it is related to the city size [38], and influencing over 

conservation and supporting ES [40]. Besides, another influence factor that split the study cases based 

on their natural characteristics was the influence of water (e.g., inland wet-lands and inland water). 

The water presence was identified as a powerful proxy for ecosystem services provision [33]. Water 

bodies influence cultural ES [38] and present a positive effect on aesthetic values [41] and recreation 

by the influence of hydrophilia phenomena [42,43]. However, the magnitude of their influence is 

related to the abundance in the landscape, e.g., influence more on cultural ES where is scarce (e.g., 

arid landscapes in Southern Patagonia) and influence more over aesthetic values where is more 

frequent (e.g., Tierra del Fuego mountain landscapes) [38]. 

The differences among the study cases based on trade-offs were less evident in the multivariate 

analyses. The most important factors to separate the study cases was the needs of stricter protection 

of ecosystems as cultural and regulating ES trade-offs (F5), the need to provide food for a growing 

urban core as provisioning ES trade-offs (I1), and the emergency of regulating ES at each study case 

(D6) (see Table 3 A). The second axis highlights the reduction of potential cultural ES as cultural and 

provisioning ES trade-offs (E2), and the loss of cultural ES as a trade-off among cultural ES (H3). 

Cueva et al. [34] recommend that trade-off patterns among ES in PULs must be considered in the 

man-agreement and design of the city planning, where more multifunctional and climate-resilient 

areas must guarantee ES and human wellbeing. These factors greatly influenced in East EU compared 

with the rest of the world (America, West EU, Africa, Asia), despite their geographical area type 

(single municipality, metropolitan area, region) or development level (low, medium, high). This 

could suggest a specific pat-terns of peri-urban development characteristic for east European Union. 

This aspect would require more studies comparing PULs in the East European Union and other 

regions, or concerning to peri-urbanization of Europe [44]. The differences among European PULs 

could be related to development patterns in both parts of this continent and planning traditions there 

[45]. ES interactions need to be carefully managed, following the integration of different policy fields 

at regional and local levels, to sustain ES provision at peri-urban areas [33]. 

4.1. Drivers of Ecosystem Services Trade-offs in Peri-Urban Landscapes  

Drivers in the context of ES are understood as the direct factors influencing specific changes in 

ES [46]. Respondents to the survey identified specific drivers but did not mention large scale drivers 

related to implementation of large-scale policies or plans, e.g., policies for nature conservation or 

national planning requirements. Many of the drivers identified in our study were naming processes 

characteristic for peri-urbanization. Similar to other studies about peri-urban issues [2,4,6], our 

results point out that peri-urbanization processes like sealing surfaces, growth of urban core, 

intensification of agricultural production and transformations of productive farmlands into public 

areas are important drivers of ES trade-offs. Moreover, other process-es not addressed by our study, 

but still resulting from peri-urban development, e.g., increased of land value, or decrease of water 

retention potential, generate specific ES trade-offs in PULs. Aspects related to land use or land cover 

changes are also seen by other authors as significant drivers [10,47]. From the analysis of the 

responses to the survey, different conflicts emerged, e.g., misunderstandings about land use 

management, the promotion of specific ES by governance actors, or tensions between new and old 

residents. This finding confirms how PULs are vulnerable towards land-use, socio-economic, ethnic, 

and human-wildlife conflicts [48]. 

4.2. Governance of Ecosystem Services Trade-offs in Peri-Urban Landscapes 

As shown in the results section ES trade-offs in PULs are related to various drivers. Among those 

drivers, different conflicts types form a significant group. Mitigation of peri-urban conflicts is an 

important task on a way from ES trade-offs to ES synergies in such contexts [48]. The results showed 

several obstacles concerning to how ES trade-offs are addressed by policy instruments and spatial 

planning documents. Specifically, the lack of adequate policies or planning documents dealing with 

ES trade-offs was the most common obstacle. Currently, the scientific debate is looking at aspects of 

PUL governance and planning in a general way [49], with limited knowledge related to practical tools 
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or policies experiences to mitigate ES trade-offs. Such knowledge is hidden in specific niches of 

governance, by local planners and policy-makers implementing policy and planning on-site [4]. In 

terms of suggestions to improve the inclusion of ES trade-offs in policy making and planning, the 

results suggest that there is a need to develop sufficient and effective methods for cooperation of 

governance actors to pave a way from trade-offs towards synergies. Thus, a way to improve ES trade-

offs governance should be based on identifying the variety of actors responsible for such trade-offs. 

The identification and cooperation of all groups of governance actors like planners, householders, 

citizens, farmers, students and scientists, is very important for a successful implementation of 

sustainable development goals in peri-urban contexts [50]. Such cooperation can be implemented 

with the support of Delphi method, which showed its usefulness in consensus building processes in 

PULs [51]. 

An initial step in establishing and implementing cooperation methods could be based on rising 

awareness on trade-offs. As other studies show, ES concept proofs its usefulness in participatory 

planning processes and can be used as a common language to communicate about various benefits 

that people obtain thanks to landscapes [23]. To this end, a basic training on the ES concept represents 

a basic step in raising awareness [24]. This is in line with our results, showing that the need for more 

awareness concerning not only to the ES concept but also to peri-urbanization as a multifaced and 

open process are needed. PULs, like other landscapes, need to be conceptualized in a holistic way. 

As displayed in the literature since a couple of decades, holistic approaches showed their usefulness 

in governance and planning [52]. To this end, ad-dressing the social perspective of landscapes and 

more specifically understanding that place specific peri-urban flows and the way in which they are 

understood and managed by governance actors is a basis for human well-being could be a good 

starting point to mitigate ES trade-offs. 

One of the basic challenges in developing and implementing governance instruments in PULs 

relies on the difficulty to the delimited of such landscapes from a geographic and/or administrative 

way [53]. This challenge is in line with the discussion about the most effective administrative level 

where peri-urban systems can be governed [54]. As they are part of wider metropolitan systems 

where cross-administrative boundary issues exist, there is a need of more complex and advanced 

planning schemes and instruments. Links among different planning levels should be revised and 

strengthened, from the master plan level to the zoning. It has been advocated that a combination of 

different governance tools (e.g., traditional and innovative, top-down and bottom-up) can be used at 

different and integrated scales, from the the more strategic (e.g., the regional/metropolitan) to the 

more operational (urban/district) [2]. However, such a combination does require a full coordination 

among different planning levels, that can be achieved only thanks to a strong normative framework. 

Finally, it should be underlined that none of respondents mentioned the possible use of more specific 

mechanisms or management approaches to address ES trade-offs, such as Multicriteria Decision 

Analysis via participatory approaches, which can be valuable practical instrument to facilitate the 

learning of the ES trade-offs and the explicit identification and evaluation of stakeholders’ 

preferences [55]. 

4.3. Limitations and Outlook 

Our results are based on a relatively small sample of analyzed case studies. Moreover, our set of 

case studies is dominated by European ones and several of them are located quite close to each other 

(e.g., case studies from north Italy). Thus, it is important to keep in mind that the generalizations 

provided in this study must acknowledge this aspect. On the other hand, our on-line survey method 

allowed us to gather experiences related directly to specific governance activities implemented in the 

case study regions, which concern to governing of ES trade-offs in PULs. To further develop this 

study, methods allowing a direct discussion with local governance actors, who took part in policy or 

planning processes should be included. 

5. Conclusions 
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The research conducted an analysis of 23 regional case studies situated in peri-urban landscapes. 

It involved characterizing these landscapes, identifying similarity patters, and offering insights into 

existing ES trade-offs. A notable clustering of case studies was observed based on geographical area 

types. Similar ES trade-offs were noted among North America, Western Europe, Africa, and Asia, 

with the most prevalent trade-offs being categorized as “cultural and provisioning” and “regulating 

and provisioning.” Primary drivers of these trade-offs were directly linked to peri-urbanization, 

encompassing factors such as surface sealing, urban core expansion, and increased agricultural 

production intensity. Specific drivers were associated with various conflicts emerging in PULs. A 

significant challenge was the lack of identification and mitigation of these conflicts. The research 

identified a critical issue: the absence of explicit policy or planning documents addressing ES trade-

offs in PULs, highlighting the need for innovative forms of governance. Furthermore, it emphasized 

the necessity of developing methods for fostering cooperation among governance actors to address 

these trade-offs in PULs. This collaborative effort should be rooted in comprehensive dissemination 

and understanding of concepts such as ES and PULs. 
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Appendix 

Table A1. List of questions presented in the on-line survey. 

Profile of the respondent 

1. Country of residence 

2. Type of institution 

 University 

 Research institute 

 NGO 

 Consultancy 

 Public administration 

 Company 

 Other 
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Information about case study region 

3. Characteristic of the case study region 

A1 Urban region 

A2 Region dominated by large cities (more than 500K inhabitants) and metropolitan 

areas 

A3 Region dominated by small (less than 100K) and medium sized cities (100K - 

500K) 

A4 Rural region 

A5 Region dominated by natural ecosystems 

A6 Densely populated region 

A7 Sparsely populated region 

4. Natural ecosystems types present in the case study region 

Please provide multiple answers. The names are equivalent with CORINE land cover classes, level 

2; see: https://land.copernicus.eu/user-corner/technical-library/corine-land-cover-nomenclature-

guidelines/html  

B1 Urban fabric 

B2 Industrial, commercial and transportation units 

B3 Mine, dump and construction sites 

B4 Artificial, non-agricultural vegetated areas 

B5 Arable land 

B6 Permanent crops 

B7 Pastures 

B8 Heterogeneous agricultural areas 

B9 Forests, Scrub and/or herbaceous vegetation associations 

B10 Open spaces with little or no vegetation 

B11 Inland wetlands 

B12 Maritime wetlands 

B13 Inland waters 

B14 Marine waters 

5. What types of the ecosystem services (ES) exist in your case study region? 

Based on MEA - Millennium Ecosystem Assessment 

C1 Provisioning: food 

C2 Provisioning: fresh water 

C3 Provisioning: fuelwood 

C4 Provisioning: fiber 

C5 Provisioning: biochemicals 

C6 Provisioning: genetic resources 

C7 Regulating: climate regulation 

C8 Regulating: disease regulation 

C9 Regulating: water regulation 

C10 Regulating: water purification 

C11 Cultural: spiritual and religious 

C12 Cultural: recreation and ecotourism 
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C13 Cultural aesthetic 

C14 Cultural: inspirational 

C15 Cultural: educational 

C16 Cultural: sense of place 

C17 Cultural: cultural heritage 

C18 Supporting: soil formation 

C19 Supporting: nutrient cycling 

C20 Supporting: primary production 

Ecosystem services (ES) trade-offs 

6. Are ES trade-offs in PULs a challenge in your region, which needs to be better addressed 

with policy making and planning? 

 Yes 

 No 

7. What kind of ES trade-offs emerge in your region? Please classify the trade-offs into: 

D1 Cultural and provisioning ES trade-offs 

D2 Cultural and regulating ES trade-offs 

D3 Regulating and provisioning ES trade-offs 

D4 Different types of cultural ES trade-offs 

D5 Different types of provisioning ES trade-offs 

D6 Different types of regulating ES trade-offs 

8. Please explain why cultural and provisioning ES trade-offs in PULs are challenging in your 

region? 

E1 Conflicting land uses and local governance actors advocating specific ES 

E2 Reduce the provision of recreational, aesthetic and spiritual potential of semi-

natural landscapes 

E3 Reduce the amenity value of the PULs 

E4 Reduce the productivity of farmlands 

E5 Conflicts arising from intense recreational use of the farmland and agricultural 

infrastructure, unwanted trespassing, littering 

E6 Aspects of accessibility to various ES 

E7 Private grounds traditionally used for growing vegetables have been replaced 

with lawns and playgrounds 

9. Please explain why cultural and regulating ES trade-offs in PULs are challenging in your 

region 

F1 Hamper the regulating capacity of ecosystems 

F2 Aspects of accessibility to various ES 

F3 Sealing surfaces 

F4 Decrease of water retention potential 

F5 Necessity of stricter protection of ecosystems 
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10. Please explain why regulating and provisioning ES trade-offs in PULs are challenging in 

your region. 

G1 Challenges related to forest management 

G2 Conflicts related to food production 

G3 Transformations of productive farmlands into public areas (green areas) 

11. Please explain why different types of cultural ES trade-offs in PULs are challenging in 

your region. 

H1 Conflicts between new and old PULs inhabitants related to different 

expectations of those groups 

H2 Increase of land value 

H3 Lost of sense of place, aesthetic and spiritual values of PULs 

12. Please explain why different types of provisioning ES trade-offs in PULs are challenging 

in your region 

I1 The need to provide food for a growing urban core 

I2 The need to reduce the cost of food production 

I3 Decrease of forest production 

I4 The use of arable land for food or energy purposes 

I5 Planting biofuel-related plants 

13. Please explain why different types of regulating ES trade-offs in PULs are challenging in 

your region. 

J1 Urban expansion over agricultural forested semi-natural areas 

J2 Intensify agricultural production 

J3 Former heavy industrial activity 

J4 Lack of general awareness about ES concept 

J5 Food insecurity 

J6 Lack of effective (strict) planning 

J7 Overestimating the need for economic development 

Policy instrument (PI) 

14. Please name the existing in your region PI, which address ES trade-offs in PULs 

15. Please shortly describe the existing in your region PDI which address ES trade-offs in 

PULs 

16. Please name the governance actors involved in the implementation of the PI 

Stakeholders defined as having a particular interest as they represent a community or group interest 

(stake); citizens/laymen as as the group being affected, but not organized to represent a shared interest; 

experts/scientists defined as objective knowledge holders 

 Stakeholders 

 Citizens 

 Experts/scientists 

17. Please assess the efficiency of a specific PI in addressing the ES trade-offs in PULs 

Assessment in the Likert scale: 1 – not efficient at all to 5 – very efficient 

18. What are the main obstacles related to this PI in better addressing ES trade-offs in PULs? 
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Please name the driver as described in questions 1.2-1.7 and please provide a short obstacle description 

for the chosen driver 

19. What are the necessary improvements to your PI to better address ES trade-offs in PULs? 

Please name the driver as described in questions 1.2-1.7 and please provide a short improvement 

description for the chosen driver 

Planning document (PD) 

20. Please name the existing in your region PD, which address ES trade-offs in PULs 

21. Please shortly describe the existing in your region PD, which address ES trade-offs in 

PULs 

22. Please name the governance actors involved in the implementation of the PD 

Stakeholders defined as having a particular interest as they represent a community or group interest 

(stake); citizens/laymen as as the group being affected, but not organized to represent a shared interest; 

experts/scientists defined as objective knowledge holders 

 Stakeholders 

 Citizens 

 Experts/scientists 

23. Please assess the efficiency of a specific PD in addressing the ES trade-offs in PULs 

Assessment in the Likert scale: 1 – not efficient at all to 5 – very efficient 

24. What are the main obstacles related to this PD in better addressing ES trade-offs in PULs? 

Please name the driver as described in questions 1.2-1.7 and please provide a short obstacle description 

for the chosen driver 

25. What are the necessary improvements to your PD to better address ES trade-offs in PULs? 

Please name the driver as described in questions 1.2-1.7 and please provide a short improvement 

description for the chosen driver 

Table A2. Results of the content analysis of open-ended questions #18, #19, #24, and #25. 

Section Question with its 

number 

Recurring aspects identified in the answers to the 

open-ended questions 

Policy 

instrument 

(PI) 

18. What are the main 

obstacles related to this 

PI in better addressing 

ES trade-offs in PULs? 

1.  The proposed PI is not explicitly addressing ES 

trade-offs 

2. The proposed PI does include inter-communal 

cooperation 

3. It is difficult to involve local governance actors in the 

implementation process of the proposed PI 

4. There is an existing lack of economic resources for 

investment in addressing ES trade-offs in PUL 

5. It is difficult to constantly secure financial resources 

to implement the proposed PI 

6. There is lack of awareness among governance actors 

about issues in PULs and specifically their impact on 

ES provision 
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7. There is a lack of coordination between different PI, 

that are addressing different parts of PUL 

8. There is a resistance (for political or bureaucratic 

reasons) in normative innovation that would allow 

the implementation of new policy/plan to address 

trade-offs in PUL 

 19. What are the 

necessary 

improvements to your 

PI to better address ES 

trade-offs in PULs? 

1. General awareness about peri-urbanization 

processes and specifically their impact on ES 

provision should be improved 

2. The proposed PI should better monitor ES trade-

offs in PULs 

3. New and innovative PI should be developed, 

which include/incorporate ES concept (based on a 

better understanding of this concept) 

4. Implementation of the proposed PI should to be 

based on improved cooperation/communication of 

different governance actors 

5. The proposed PI should include options/proposals 

for financial source (incentives, other 

economic/fiscal mechanisms) for their actual 

implementation 

Planning 

document 

(PD) 

24. What are the main 

obstacles related to this 

PD in better addressing 

ES trade-offs in PULs? 

1. The proposed PD is not explicitly addressing ES 

trade-offs 

2. The proposed PI does include inter-communal 

cooperation 

3. It is difficult to involve local governance actors in 

the implementation process of the proposed PD 

4. There is an existing lack of economic resources for 

investment in addressing ES trade-offs in PULs 

5. It is difficult to constantly secure financial 

resources to implement the proposed PD 

6. There is lack of awareness among governance 

actors about issues in PULs and specifically their 

impact on ES provision 

7. There is a lack of coordination between different 

PD, that are addressing different parts of PULs 

8. There is a resistance (for political or bureaucratic 

reasons) in normative innovation that would allow 

the implementation of new policy/plan to address 

trade-offs in PULs 
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 25. What are the 

necessary 

improvements to your 

PD to better address ES 

trade-offs in PULs? 

1. General awareness about peri-urbanization 

processes and specifically their impact on ES 

provision should be improved 

2. The proposed PD should better monitor ES trade-

offs in PULs 

3. New and innovative PD should be developed, 

which include/incorporate ES concept (based on a 

better understanding of this concept) 

4. Implementation of the proposed PD should to be 

based on improved cooperation/communication of 

different governance actors 

5. The proposed PD should include 

options/proposals for financial source (incentives, 

other economic/fiscal mechanisms) for their actual 

implementation 

Table A3. Relevant ordination variables and eigenvector for Axes 1 and 2, according to 

characterization and ecosystem services (ES) trade-offs PCA, performed for the 24 study cases. See 

codes for ordination variables in Table 1. 

Characterization PCA  ES trade-offs PCA 

Ordination 

variable 
Eigenvector 1 Eigenvector 2  

Ordination 

variable 
Eigenvector 1 Eigenvector 2 

A2 0.2403 -0.4514  D6 0.1174 0.3842 

A3 -0.2403 0.4514  EE2 0.4642 0.175 

A7 -0.0743 0.4551  EE6 0.3799 -0.0747 

B3 0.3885 -0.0313  F2 0.4116 0.202 

B6 0.3959 -0.1242  F5 0.382 -0.3087 

B11 0.4282 0.1888  H2 0.2655 -0.3465 

B13 0.4736 0.0522  H3 0.3971 0.0373 

C5 0.2713 0.3333  I1 0.0544 -0.5247 

C6 0.277 0.2548  J1 0.2477 0.378 

C18 0.1156 0.3934  J7 -0.1363 0.3748 

Table A4. Multi-response permutation procedure (MRPP) results to compare differences in groups 

according to area type (single municipality-SM, metropolitan area-MA, region-R), continent 

(America-AM, East Europe-EE, West Europe-WE, Africa-AFR, Asia-AS) and development level (low, 

medium, high), for the characterization and ecosystem service trade-offs informed by the 24 study 

cases, using a matrix with the more relevant ordination variables detected by PCA (Table 3). 

Evaluation Factor Group comparison T A p 

Characterization 

Area type 

Overall -5.7936 0.2375 0.0002 

SM vs. MA -5.3135 0.3816 0.0016 

SM vs. R -1.7527 0.0593 0.0622 

MA vs. R -5.8024 0.2189 0.0006 

Continent 

Overall -0.3613 0.0225 0.3265 

AM vs. EE -0.2873 0.0197 0.3145 

AM vs. WE -0.6628 0.0296 0.2090 

AM vs. AFR -0.3652 0.0296 0.2838 

AM vs. AS -0.4771 0.0368 0.2625 

EE vs. WE -0.5960 0.0403 0.2423 
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EE vs. AFR -0.7851 0.1478 0.1988 

EE vs. AS 0.2068 -0.0241 0.5324 

WE vs. AFR 0.4552 -0.0414 0.6023 

WE vs. AS 0.8596 -0.0617 0.8069 

AFR vs. AS -0.2455 0.0408 0.2984 

Development 

level 

Overall 1.0592 -0.0427 0.8864 

low vs. medium 0.2140 -0.0100 0.9566 

low vs. high 0.8851 -0.0446 0.8588 

medium vs. high 1.1407 -0.0401 0.9566 

ES trade-offs 

Geographic 

area type 

Overall -0.9641 0.0282 0.1620 

SM vs. MA 0.5121 -0.0248 0.6704 

SM vs. R -0.7101 0.0195 0.2115 

MA vs. R -1.4056 0.0373 0.0922 

Continent 

Overall -1.1085 0.0493 0.1353 

AM vs. EE -2.2379 0.0957 0.0220 

AM vs. WE -0.8133 0.0247 0.1963 

AM vs. AFR -0.0393 0.0023 0.4161 

AM vs. AS 0.7748 -0.0378 0.7685 

EE vs. WE -2.1406 0.1221 0.0327 

EE vs. AFR -2.4655 0.2530 0.0255 

EE vs. AS -1.6393 0.1227 0.0643 

WE vs. AFR -0.9495 0.0554 0.1624 

WE vs. AS 0.8070 -0.0539 0.7814 

AFR vs. AS 1.3425 -0.1332 0.9194 

Development 

level 

Overall 0.2219 -0.0064 0.5457 

low vs. medium -0.2400 0.0080 0.3345 

low vs. high 0.9391 -0.0347 0.8322 

medium vs. high -0.3246 0.0080 0.3380 

 

Figure A1. Distribution of relative frequency of data on types of ecosystems present in case study 

regions. 
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Figure A2. Relative frequency of data distribution concerning to types of ecosystem services in case 

study regions. 

 

Figure A3. Relative frequency of data distribution concerning to pairs of peri-urban ecosystem 

services trade-offs in case study regions, across the geographic area categories. 

 

Figure A4. Cross-analysis between the identified obstacles concerning to how ecosystem services (ES) 

trade-offs in peri-urban landscapes (PULs) are addressed by policy instruments and spatial planning 

documents and the seven categories of ES trade-offs. PD = planning document, PI = policy instrument. 
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Figure A5. Cross-analysis between the identified improvements to better address peri-urban 

ecosystem services (ES) trade-offs in policy making and planning and the seven categories of ES trade-

offs. PD = planning document, PI = policy instrument. 
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