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Abstract

Access to ecosystem services and influence on their management are structured by
social relations among actors, which often occur across spatial scales. Such cross-
scale social relations can be analyzed through a telecoupling framework as decisions
taken at local scales are often shaped by actors at larger scales. Analyzing these
cross-scale relations is critical to create effective and equitable strategies to manage
ecosystem services. Here, we develop an analytical framework —i.e. the ‘cross-scale
influence-dependence framework’- to facilitate the analysis of power asymmetries and
the distribution of ecosystem services among the beneficiaries. We illustrate the
suitability of this framework through its retrospective application across four case
studies, in which we characterize the level of dependence of multiple actors on a
particular set of ecosystem services, and their influence on decision-making regarding
these services across three spatial scales. The ‘cross-scale influence-dependence
framework’ can improve our understanding of distributional and procedural equity and
thus support the development of policies for sustainable management of ecosystem

services.

Keywords: cross-scale analysis; inequity; scale mismatch; power relations;

stakeholders; telecoupling
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1. Introduction

Ecosystem services — i.e. the benefits people obtain from ecosystems (MA, 2005) - are
produced by the dynamic interactions of people and nature (Diaz et al., 2015). These
interactions can operate at multiple spatial scales and can lead to a variety of scale
mismatches (Cumming et al., 2006; Scholes et al.,, 2013). Scale mismatches
complicate the management of ecosystem services by producing complex ecosystem
service trade-offs and conflicts among actors (Bennett et al., 2009; Raudsepp-Hearne
and Peterson, 2016). For instance, a mismatch between governance scales and the
scales at which people benefit from services such as fodder and soil fertility was found
in Dofiana (Spain): whilst these services are used by local people, their management
depends on institutions operating at national and regional scales (Goémez-Baggethun et
al., 2013). This mismatch jeopardizes ecosystem services provision and produces
conflicts among actors (Gémez-Baggethun et al., 2013). In addition, social relations,
particularly power relations, mediate actors’ ability to manage and access ecosystem
services (Berbés-Blazquez et al., 2017, 2016). However, disentangling how cross-scale
social relations impact the distribution of ecosystem services among actors remains a

central challenge in ecosystem service research.

To address this challenge, telecoupling has proved to be a crucial framework to
examine the social-ecological interactions across regions and scales (Liu et al., 2013).
Telecoupling differs from the teleconnection framework as the former refers to coupled
social-ecological dynamics across spatially distant regions, while the later only includes
biophysical phenomena (Lenschow et al., 2015; Liu et al., 2013). Whilst previous work
has considered the role of teleconnections in the supply of ecosystem services (for
example, the effect of global transport of dust from Sahara on soil formation in distant
places (Muhs et al., 2007)), the consideration of social aspects across scales remains

understudied. In fact, despite an increasing focus on telecoupling in sustainability and



03
64
65

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

social-ecological research (e.g. Fischer et al., 2015; Liu et al., 2013; Reid et al., 2010;
Seto et al.,, 2012), to disentangle cross-scale social relations that underpin the
management of ecosystem services and their distribution across actors remains a

challenge.

Here, we propose the ‘cross-scale influence-dependence’ framework that applies a
telecoupling lens to assess how social relations across scales influence the supply and
distribution of ecosystem services among actors. The ‘cross-scale influence-
dependence’ framework identifies i) how actors at different scales depend on
ecosystem services in a particular landscape, i) how those actors influence the
decision-making regarding ecosystem services management at different scales, and iii)
how social relations are formed among actors across scales. We retrospectively
applied the ‘cross-scale influence-dependence’ framework to four case studies in order
to test its suitability for understanding distributional and procedural equity in ecosystem
service research. Distributional equity refers to how costs and benefits, associated with
ecosystem services, are allocated among actors, while procedural equity refers to how
decisions are made and by whom (McDermott et al., 2013). The case studies are not
meant to be seen as vehicles for obtaining results, but rather as vehicles for testing the

framework and generate new hypothesis for future research.

The application of the ‘cross-scale influence-dependence’ framework to the four case
studies can illustrate how social relations across scales influence the supply and
distribution of ecosystem services and, thus, actors’ level of vulnerability. Vulnerable
actors are those highly dependent on ecosystem services to fulfill their wellbeing, but
with little influence in decisions regarding the management or access to ecosystem
services. As the lack of access, which is defined as the ability to benefit from resources
(Ribot and Peluso, 2003), has consequences on distributional equity, we then discuss

how the framework can serve as a platform for future research regarding distributional

3
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and procedural equity. Finally, we reflect on the implications of using this framework to
design policies relevant for sustainability and we identify scientific hypotheses to test in

future research.

2. The ‘cross-scale influence-dependence’ analytical framework

The starting point of the framework is a ‘set of ecosystem services’ provided by a
certain area or landscape. The ‘cross-scale influence-dependence’ framework is
composed of four steps (Fig. 1): (1) identification of the relevant actors at each spatial
scale associated with a set of ecosystem services, (2) assessment of the actors’
dependence on the services at each scale, (3) analysis of actors’ influence on
ecosystem services management at each scale, and (4) assessment of within- and
cross-scale relations among actors in the management of ecosystem services. In the
first step, the ‘cross-scale influence-dependence’ framework identifies the actors who
depend on a set of ecosystem services provided in a particular landscape, and those
who influence the decision-making regarding their management at the local, regional
and global scale. Here, we use ‘scale’ in terms of the level of jurisdictions or institutions
involved, and we use it interchangeably with the term ‘level’ (Scholes et al., 2013). The
local scale includes individuals, households, communities and municipalities. The
regional scale is defined by provinces or other supra-local to national level entities. The

global scale refers to all jurisdictions beyond national levels.

Building on the ‘interest-influence matrix’ that seeks to identify and characterize actors
in natural resource management (Reed et al., 2009), the ‘cross-scale influence-
dependence’ framework focusses on actors’ dependence and influence on ecosystem
services at multiple spatial scales (see steps 2 and 3, respectively). In addition, the

framework contributes three novel elements to the ‘interest-influence matrix’. First, it
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considers the actors’ level of dependence on ecosystem services, rather than interest.
This variation aligns with other modifications of the matrix in ecosystem service
research, such as influence vs. dependence (Iniesta-Arandia et al., 2014) or use vs.
ability to manage (Felipe-Lucia et al., 2015a). Second, it takes into account the multiple
spatial scales at which actors depend on ecosystem services and exert influence in
decision-making. By assessing the actors’ level of dependence on ecosystem services,
we explore their vulnerability to changes in ecosystem services provision. By
considering multiple spatial scales, we appraise potential scale mismatches between
dependence on and influence in decision-making of ecosystem services. These
components facilitate the analysis of distributional and procedural equity in ecosystem
services research. Third, it takes into account the social relations across scales that
create the conditions by which different actors exert differential influence in decision-
making and the management of ecosystem services. In this way, the ‘cross-scale
influence-dependence’ framework aligns with recent approaches that highlight the
importance of social interdependencies to foster collective action in ecosystem services
management (Barnaud et al., 2018) and the relevance of interactions between
influential and non-influential actors to understand ecosystem service trade-offs
(Turkelboom et al., 2018). Yet, the ‘cross-scale influence-dependence’ framework
moves one step further by analyzing these social relations across multiple spatial
scales and, in doing so, the framework analyzes power relations. In this paper, we
understand power as the ability to influence or control the behavior of other people with
respect to ecosystem service governance (in the sense of ‘power over’, see Berbés-
Blazquez et al.,, 2016). Thus, power relations among actors regarding ecosystem
services can take many forms, such as controlling the access of other actors to
ecosystem services, controlling what type of decisions other actors can make on

ecosystem services use or management, and influencing other actors’ knowledge.
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<Insert Figure 1 around here>

The ‘cross-scale influence-dependence’ framework allows researchers to bridge the
gap between knowledge and methods developed in natural resource management,
ecosystem service research, and political ecology studies. For example, it combines
knowledge and tools from natural resource management (e.g. dependence-influence
matrix) and political ecology (e.g. distributional and procedural equity, access and
power relations) with ecosystem services research. By bridging this gap we facilitate
the operationalization of an interdisciplinary framework able to integrate social
dimensions in ecosystem service research. The ‘cross-scale influence-dependence’
framework can be applied by using multiple methods, including both qualitative and
quantitative methods. For example, cross-scale social relations can be qualitatively
assessed by applying actor-linkages matrices in an expert workshop or quantitatively
by conducting social network analysis. The use of multiple methods has been
recommended in both political ecology and ecosystem services research to achieve the
inclusion of different actors and to uncover power asymmetries (Jacobs et al., 2018;
Rocheleau, 2008). Table 1 presents some useful methodological tools to implement
this framework, organized according to its four steps. Several tools might be combined

within each step to triangulate results and to gain deeper knowledge.

<Insert Table 1 around here>
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Step 1. Identification of social actors at multiple spatial scales associated with a
particular set of ecosystem services.

The first step identifies the actors associated with a particular set of ecosystem
services related in a given area. Social actors are the groups of people, individuals,
organizations or corporations who depend on the ecosystem services provided by a a
given area and are likely to be affected by, or have an effect on, a planning or
management intervention (adapted from Reed et al. (2009)). Actors can be the same or
different across scales. For example, although decision-makers might be different
individuals across scales, decision-makers as a type of actors may appear at local,
regional and global scales. In contrast, actors such as multi-national companies or

scientists might be present only at a supra-local scale (Fig. 1).

Methodological tools to identify actors at different scales include qualitative and
guantitative methods, such as participant observation, semi-structured interviews,

guestionnaires, focus groups and expert panels (Reed et al., 2009) (Table 1).

Steps 2 and 3. Determination of the level of dependence and influence of actors

The second and third steps are independent from each other and can be performed in
parallel. In step 2, actors at each scale are assigned a relative score according to their
dependence on ecosystem services and, in step 3, according to their capacity to
influence decision-making regarding these services. We define dependence as the
level by which actors’ well-being relies on the defined ecosystem services. Influence is
defined as the capacity of actors to determine and control management decisions
related to these particular ecosystem services and thus it is related with procedural
equity. Influence over management decisions can also determine access to ecosystem

services by actors and, therefore, is related to distributional equity.
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Methodological tools that contribute to assess the actors’ level of dependence on
services and influence on decision-making at different scales are participant
observation (Berbés-Blazquez et al., 2017), cognitive mapping and mental models
(Biggs et al., 2011), rainbow diagrams and interest-influence matrices (Reed et al.,
2009), participatory and deliberative mapping (Brown and Fagerholm, 2015), and

scenario planning (Peterson et al., 2003) (Table 1).

Step 4. Identification of within and cross-scale social relations among actors

Social relations occur both within a particular spatial scale and across scales. For
instance, while some farmers may exchange seeds with their neighbors (within scale),
other farmers may rely on seeds produced by a multi-national company (across
scales). Social relations across scales involve the contest between local, national, and
global arenas that act as locations of power (Gaventa, 2006). For example, whilst
empowering local communities to construct their own voice and decisions can lead to
community-based management, power shifts to globalized actors can undermine the
influence of local actors in the management of ecosystem services. Nevertheless,
power is continuously interrelated between local, national and global scales. Influence
in decision-making at local scales is shaped by global actors and, at the same time,

local actions are shaping global actors and their power (Gaventa, 2006).

Analysis of power relations include three dimensions (Lukes, 1973): overt (direct
control of people’s decision through e.g. incentives and force), covert (controlling how
people decide) and latent (control of social narratives and discourses to the point that
vulnerable actors see their situation as normal or unchangeable) (Peterson, 2000). In

addition, power relations might take other forms, such as controlling the means of
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production (e.g. Bernstein, 2010) or the accumulation of benefits derived from

ecosystem services supply (e.g. Ribot 1998).

Social and power relations can be mediated by formal institutions (i.e., laws, policies or
property rights), as when the farmer has a contract with the company to buy seeds, or
by informal institutions (i.e., customs or traditions), as when local varieties of seeds are
exchanged within the community. Furthermore, these power and social relations have
been sculpted and shaped through historical dynamics embedded in political and
cultural structures and processes, such as colonialism (Haraway, 1988; Harding,

1986).

Methodological tools to identify social relations among actors include network analysis
tools, such as social network analysis for quantitative research (Prell et al., 2009) and
actor-linkages matrices for qualitative research (Biggs and Matsaert, 1999), as well as

institutional ethnography (e.g. Grahame, 1998; Townsend, 1996) (Table 1).

3. Application of the ‘cross-scale influence-dependence’ analytical framework to

four case studies

We explored the value of our framework in four exemplary case studies that represent
different and contrasting social-ecological systems (Table 2). Two contrasting case
studies are presented in the main text: small scale coral reef fishing and tourism along
the Southern Kenyan coastline (Section 3.1) and traditional farming in the Nacimiento
watershed (Southern Spain) (Section 3.2). The other two case studies are presented
in Appendices: nature-based tourism in the Piedra river valley (Central Spain)
(Appendix A) and grass-based dairy system in Voeren (Eastern Belgium) (Appendix
B). In each of the case studies, we applied different methodological tools in the
different steps of the methodological framework, including interviews, focus groups,

9
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participant observation, face-to-face questionnaires, interest-influence matrix,

deliberative mapping, actor-linkages matrix and social network analysis (Table 2).

<Insert Table 2 around here>

3.1. Ecosystem services associated with small-scale coral reef fisheries:

Southern Kenya.

The southern Kenyan coastline is situated on the east coast of Africa and covers a
stretch of approximately 75 km. Dotted along this coastline are a number of small
fishing communities where the fishery is characterized as a multispecies artisanal
(small scale) coral reef fishery (McClanahan et al., 2008). Fishing, farming, and the
informal sector engage the largest, and approximately equal, number of people in rural
coastal Kenya (Cinner et al., 2010). The southern Kenyan coastline attracts a
significant number of tourists every year (Hicks et al., 2009); yet, few households from
this coastline are involved in the tourism industry (Cinner et al., 2010). A series of
marine protected areas were instituted along the Kenyan coastline in the post-colonial
era. Although this was in response to a growing tourism industry, it also had the effect

of conserving the marine environment and stimulating a vibrant research environment.

Step 1. Identification of social actors associated with a particular set of ecosystem
services.

By conducting nine focus groups in different coastal communities (with 4-9 participants
in each group, Table 2), we identified the most relevant actors across scales. At a local

scale, the main actors were associated with small-scale coral reef fisheries and

10
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included fish workers and coastal residents. National and international actors include
fisheries and marine park managers and decision-makers, Kenyan and international
owners and employees involved in the tourism industry, and marine, fisheries, and
conservation scientists (Fig. 2) (Hicks et al., 2013). Five of these focus group
discussions with coastal managers, residents, and fishers were also used to identify
nine coral reef ecosystem services: materials, fishery, research & education, bequest,

culture, recreation, habitat, coastal protection, and sanitation (Hicks et al., 2015, 2013).

<Insert Figure 2 around here>

Step 2. Assessment of the dependence level of social actors

To assess the dependence on ecosystem services of the different actors, we combined
information from the nine focus groups with a series of individual semi-structured
questionnaires (N=180) with local fishers, national and international managers, and
scientists (Hicks et al., 2013, 2015; Table 2). The majority of fishers are local to the
coastline and have a very high dependence on ecosystem services (Fig. 2a, c).
Fishing, education, and habitat are by far the most important services perceived by
fishers (Hicks et al., 2015; Hicks and Cinner, 2014). Furthermore, 80% of rural fishing
households identify fishing as their primary source of income. In addition to the direct
benefits, fishers’ identities are strongly associated with the marine environment and
their occupations. The majority of local residents are fishing households with a smaller
number engaged in the tourism sector, and few alternative livelihoods available. There
are clear signs of erosion along the southern Kenyan coastline and most houses are
constructed from material (such as wood and mud) unlikely to survive storm surge

events; suggesting a high dependence on regulating services for many low lying

11
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coastal communities. Most of the benefits from tourism do not flow to the local
communities who tend to engage in the tourism sector in an informal manner (Cinner et
al., 2009). Those formally employed in the tourism industry or in positions of ownership

tend to be international or elite Kenyans from up-country (Fig. 2a, c).

Step 3. Assessment of the influence on decision-making

The nine focus groups, and 180 individual semi-structured interviews with relevant
managers, scientists and fishers were also used to assess the influence of different
actors on decision-making regarding ecosystem services (Table 2). We established
influence (as an indication of power over) through a series of questions around
leadership, involvement in formal and informal resource governance organizations,
engagement and influence in decision-making, and trust in other actors (Hicks and
Cinner, 2014). We used these responses to qualitatively assign influence as no,
limited, or large. Fish workers have no influence over this set of ecosystem services at
a national or international level. At a local scale, fish workers have limited influence
over decisions involving the fishery, but none over decisions involving benefits
associated with tourism. The local tourism industry, which mainly involves paid
workers, has limited influence over benefits associated with tourism, whereas, the
national and international tourism industry have a large influence. Although conflicts
sometimes occur with fish workers, limiting where local fishers can operate, the
influence of the tourism industry is generally contained within the industry. Local
fisheries managers have a large day-to-day influence and control over fishery and
research. International policies (e.g. FAO Fisheries guidelines) which determine the
frames within which national policy and plans (e.g. Fisheries Act) can be made and
local management is enacted, have limited influence over fishery. At a national level,

fisheries and park managers also have a large influence over research, as scientists

12
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are required to apply for and abide by the relevant research regulations and permits

(Fig. 2b, ¢).

Step 4. Identification of within and cross-scale social relations among actors

In addition to focus groups and semi-structured questionnaires that evaluated the
participation of social actors in resource governance organizations and decision-
making processes, participant observation was applied to identify the social relations
among actors (Table 2). Scientists, managers, and the tourism industry actively
engaged across scales both within and across actor groups. This is principally because
they have formal and informal modes of communication available, and represent
institutions that exist at multiple scales. This cross-scale communication increases the
influence that these actors (managers, scientists, tourism industry) have on the local
level, and decreases the influence of actors with the greatest dependence on
ecosystem services at the local scale (fish workers, residents). Although fish workers
and residents do have formal channels to communicate with local managers, they do
not actively engage across scales, leaving them disconnected from broader decision-
making processes. This is particularly worrying as these are the social groups most
dependent on the studied set of ecosystem services. Effective channels of
communication are key to reducing the vulnerability of these groups. At a local level,
scientists pursue formal and informal communication channels with local fish workers,
local managers and national scientists (McClanahan et al., 2016). National scientists
regularly communicate with, influence, and are influenced by national managers and

international scientists (McClanahan et al., 2016) (Fig. 2b).

3.2. Ecosystem services associated to traditional farming in the Nacimiento

watershed in Southeastern Spain
13
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The Nacimiento watershed in Andalusia (Southeastern Spain) is a multifunctional
landscape that has been shaped by historical farming practices, such as terraces and
irrigation ditches. In the last decades, much of the rural population has migrated to
cities as traditional agriculture is no longer profitable. This, in turn, has led to the
disappearance of distinct farming landscapes and the associated local ecological
knowledge (Iniesta-Arandia et al., 2015). Today, this traditional farming landscape
provides provisioning (agricultural food), regulating (erosion control and hydrological
regulation), and cultural services (aesthetic landscape values and local identity) to

different actors (Garcia-Llorente et al., 2015; Iniesta-Arandia et al., 2014).

Step 1. Identification of social actors associated with a particular set of ecosystem
services

By conducting interviews (N = 18), participant observation and face-to-face
questionnaires (N = 181) (Table 2), we identified local farmers, other rural and urban
people, environmental hon-governmental organizations (NGOs) and nature tourists as
the actors benefiting from these services (Iniesta-Arandia et al., 2014) (Fig. 3a).
Besides these beneficiaries, decision-makers were also defined as relevant actors
because they influence the management of ecosystem services by either promoting the
restoration of irrigation ditches and preservation of local ecological knowledge (e.g. the
managers in the Sierra Nevada protected area) or by controlling the access over and

use of water resources (e.g. the National Ministry of the Environment).

<Insert Figure 3 around here>

Step 2. Assessment of the dependence level of social actors
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Using the information collected through social surveys (N = 181, see Step 1) as well as
through deliberative mapping (two workshops: N = 16 participants) (Garcia-Nieto et al.,
2015) (Table 2), we assessed the actors’ level of dependence on ecosystem services.
In the social survey, we provided the respondents with a list of 25 ecosystem services
and asked them to select the four most important services for contributing to their
wellbeing (Garcia-Llorente et al., 2015; Iniesta-Arandia et al., 2014). To determine the
level of dependence of each actor to different ecosystem services, we calculated the
mean score of importance of each ecosystem service for the wellbeing of each social
actor. By calculating these mean scores, we unraveled the level of reported
dependence on ecosystem services by each social actor. The information collected
through this survey was also used to depict an adaptation of the interest-influence
matrix (Iniesta-Arandia et al., 2014) (Table 2). In the deliberative mapping workshops,
participants first agreed on the list of the most important ecosystem services for their
wellbeing identified through the surveys and then they mapped the places where

different actors benefit from them (Garcia-Nieto et al., 2015).

At the local scale, local traditional farmers were highly dependent on erosion control
and hydrological regulation as these services are essential for farming, on agricultural
food as subsistence agriculture was the basis of their livelihoods and on local identity
as traditional farming is a key aspect of their local identity. Therefore, the
disappearance of traditional farming practices strongly affected local farmers, but also
affected local urban and rural inhabitants who must now import food, as well as
regional rural inhabitants (Fig. 3a). The loss of traditional farming decreased the
landscapes’ aesthetic value because farming practices such as almond orchards, holm
oak dehesas and stone terraces were perceived among the most beautiful landscapes
by local farmers, other local and regional rural inhabitants and nature tourists coming

from Andalusia and Spain (Garcia-Llorente et al., 2012) (Fig. 3a). Although nature
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tourists living outside the Nacimiento watershed are less dependent on ecosystem
services than local actors because their livelihoods do not depend on the benefits
derived from these ecosystems, they reported that the aesthetic value of these iconic
landscapes is highly important for their wellbeing as it is a source of tranquility and

relaxation.

The decline of traditional farming was also a concern for environmental NGOs and
decision-makers at the local scale because the preservation of the ancient irrigation
systems allows water infiltration and conservation of broad-leaf vegetation habitats,
which contribute to regulate micro-climatic conditions and create habitats for

endangered species (Garcia-Llorente et al., 2016, 2015).

Step 3. Assessment of the influence on decision-making

By asking different questions (e.g. ‘the village managers and politicians take into
account my opinion’, ‘| have the opportunity to participate and express my opinion in
decision-making’) in the face-to-face questionnaires (N = 181, see also Steps 1 and 2)
(Iniesta-Arandia et al. (2014)), we assessed the actors’ level of influence on decision-
making regarding ecosystem services (Table 2). At local scale, environmental
managers of the Sierra Nevada protected area, environmental NGOs and the irrigation
communities (farmers) had the strongest influence fostering the restoration of irrigation
systems. In 2008, together with the Andalusian Environmental Ministry, they
implemented the Conservation Program of Ancient Irrigation Channels in Sierra
Nevada, having positive implications on the local identity of farmers, aesthetic beauty
of landscapes and hydrological regulation. However, the influence of traditional farmers
and environmental managers of Sierra Nevada at regional and national scales is more
limited. As illustration of their limitation to influence decision-making at national scale, it

is the fact that decision-makers have promoted the technological upgrading of ancient
16
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irrigation infrastructure for saving water resources by implementing the National
Irrigation Plan Horizon 2008 and the Andalusian Water Act (9/2010) (Lopez-Gunn et
al., 2013). The National Irrigation Plan Horizon 2008 and the Andalusian Water Act
(9/2010) seek to ensure the efficiency of water use by promoting the modernization of
irrigation systems — lining traditional ditches and substituting them with tubes (Lopez-
Gunn et al., 2013). These measures have directly affected the hydrological regulation
and local identity of farmers, which in turn resulted in the abandonment of traditional
farming practices. This leads to negative effects on erosion control, aesthetic values of
landscapes and agricultural food (Garcia-Llorente et al., 2015). By contrast, these
policies have benefited those farmers who intensively manage their land through
greenhouses in the lower part of the watershed (Garcia-Llorente et al., 2015; Quintas-

Soriano et al., 2016).

Step 4. Identification of within and cross-scale social relations among actors

We performed face-to-face semi-structured interviews to irrigation communities and
local councils (N = 42) to map the interactions among the organizations and actor
groups who had co-participated in the development of projects with regards to
ecosystem services associated with water management (Iniesta-Arandia 2015). Then,
we performed social network analysis of the current collaboration concerning water
management (Iniesta-Arandia 2015) (Table 2). Results showed that environmental
managers in the Sierra Nevada Protected Area recently started collaborating with
farmers and NGOs to restore the ancient irrigation systems (Fig. 3b). However, the
power to decide upon main water management goals is held by institutions operating at
supra-local scales (Fig. 3b). Here, power is exerted through a top-down model by
controlling the irrigation systems through legislation (e.g. National Irrigation Plan

Horizon 2008 and the Andalusian Water Act (9/2010)) and by deciding which are the
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goals in the water management agenda (i.e. water use efficiency) (Lopez-Gunn et al.,

2013).

Consequently, those actors with more power in decision-making at regional and
European scales influenced landscape physiognomy by promoting technological
investments of irrigation systems. These investments jeopardized the provision of
hydrological regulation, erosion control, maintenance of habitats or aesthetic value
(Garcia-Llorente et al., 2015), which, in turn, affected local farmers who mostly depend
on these services and have restricted access to water. Nevertheless, the Conservation
Program of Ancient Irrigation Channels is now counteracting the modernization of
irrigation systems in the protected area, becoming a cornerstone for the future

sustainability of Sierra Nevada.

4. Discussion

4.1. Lessons from the application of the ‘cross-scale influence-dependence’

framework

The application of the ‘cross-scale influence-dependence’ framework in the four case
studies surfaces a set of similar patterns regarding dependence on ecosystem services
and influence on decision-making (Fig. 2-3, Fig. S1-S2 in Appendices A and B). Local
actors (e.g. farmers and fishermen) were strongly dependent on ecosystem services,
whereas the dependence of the tourism industry and the business sector peaked at the
regional scale. In contrast, the ability of actors to influence decision-making regarding
ecosystem services shifted from a shared (though unbalanced) influence by most
actors at the local scale, to be concentrated in a few actors at larger scales than local
(Fig. 2-3, Fig. S1-S2 in Appendices A and B). In particular, decision-makers held
strong influence at all scales, whereas other actors shifted positions depending on the
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scale: e.g. the business sector showed increasing influence at larger scales, while
farmers were only influential at local scale (Fig. 2-3, Fig. S1-S2 in Appendices A and

B).

This uneven distribution of dependence on services and influence in decision-making
across actors has implications for distributional and procedural equity. The low
representation in decision-making of those actors most reliant on ecosystem services
(i.e. local farmers and fishermen) may make these actors to be considered vulnerable
actors (Table 2). These actors have no control over the access and management of
essential ecosystem services, which affects both procedural and distributional equity.
By contrast, those actors represented in decision-making, yet being dependent on
particular services, are likely to be considered the ‘winners’ (e.g. tourism industry or
farmers practicing intensive farming) (Table 2). These findings are consistent with
political ecology research on natural resources (Berry, 1989; Ribot and Peluso, 2003;
Robbins, 2012), biodiversity conservation (Robbins, 2012) or climate change

adaptation (Thomas and Twyman, 2005).

By identifying actor's dependence on ecosystem services and influence on their
management, we can detect those actors placed in vulnerable situations, such as
fishermen and traditional farmers (Fig. 2 and 3, respectively). The application of the
framework shows that while the most powerful actors exert their influence on the
management of ecosystem services at supra-local scales, the most vulnerable actors
appear at the local scale. This demonstrates a scale mismatch between actors’
dependence and influence on ecosystem services and a mismatch in ecosystem
services governance that should be tackled in order to reduce potential inequalities and

conflicts between actors.

Our framework also demonstrates that the distribution of ecosystem services among

actors is shaped by social relations occurring across scales rather than by relations
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occurring at one single scale. In line with Fedele et al. (2018), we found that the power
exerted by actors at the regional and global scales over local actors can define who is
engaged in management and, thus, in decisions regarding ecosystem services use and
access. Cross-scale power relations among actors can determine the implementation
of management actions at the local scale. For example, the prevailing communication
channels of managers, scientists and tourism industry across scales in Southern Kenya
undermine the influence in decision-making of fishermen, who primarily appear at the
local scale (Fig. 2). Likewise, the power exerted through legislation by decision-makers
at the regional and European levels has fostered the technological upgrading of ancient
irrigation channels in the Nacimiento watershed (Fig. 3), which affected traditional
farmers. Nevertheless, we also found cases where vulnerable actors, such as
traditional farmers, establish relations with more powerful actors operating at local and
regional scales, such as NGOs and environmental managers in the Nacimiento and
Piedra watersheds (Fig. 3 and Fig. S1 in Appendix A, respectively) or with the
municipality and representatives of different regional policy sectors in the grass-based

dairy system of Voeren (Appendix B).

These cases are examples of how procedural equity can be enhanced via engaging
local actors, such as fishers and farmers, in environmental management discussions.
Analogous to the results found by Thomas & Twyman (2005), our study suggests that
enabling the engagement of marginalized local actors by powerful actors at the
regional and global scales could facilitate the implementation of management actions
towards sustainability. This aligns with the decentralized and polycentric theories of
community-based management, which acknowledge that local actors may have greater
interest in the sustainable management of ecosystem services than decision-makers
and private actors at larger scales (Andersson and Ostrom, 2008; Brosius et al., 1998;

Nagendra and Ostrom, 2012). Local actors are often able and willing to sustainably
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manage ecosystem services; however, these actors are influenced by other actors and
by institutional arrangements operating at larger scales (Fig. 2-3, Fig. S1-S2 in
Appendices A and B). Thus, our study suggests that ecosystem services
management requires governance mechanisms that are neither local nor global, but

multilevel and interconnected, i.e. polycentric (Oberlack et al., 2018).

We also found that relations occurring at the local scale between vulnerable and more
powerful actors are often mediated by informal institutions, such as traditions and
customs (Fig. 2c-3c, Fig. S1lc-S2c in Appendices A and B). In these situations,
engaging vulnerable actors in environmental decision-making does not necessarily
lead to procedural equity because local elites might determine the goals of
environmental management (Sikor et al., 2014). To counteract these differences of
power, it is necessary to ensure well-structured dialogues, transparent communication,
and recognition of possible conflicts regarding conservation interests and ecosystem

services use, access and management (Dietz et al., 2003).

4.2. Hypotheses for future research

By illustrating the suitability of the framework across a set of distinct case studies, we
identified several hypotheses that could be tested in future research. First, at the
regional and international level, power might be more strongly concentrated in a small
and privileged set of actors who influence ecosystem services management, while at
the local scale dependence on services is higher. Powerful actors can influence
management over distant areas to benefit from the provision of a particular ecosystem
service, which may cause burdens on other ecosystem services and thus, affect the
wellbeing of local actors in these areas (Pascual et al., 2017; Schroter et al., 2018).

This is particularly relevant in the case of ecosystem service trade-offs between
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regulating and provisioning services (e.g. Bennett et al., 2009; Garcia-Llorente et al.,
2015). For example, former literature suggests that benefits and burdens of trade-offs
between regulating and provisioning services are unevenly distributed among actors

(e.g. Felipe-Lucia et al, 2015a; Iniesta-Arandia et al., 2014).

Second, taking into account that ecosystem services interact, leading to trade-offs and
synergies (Bennett et al., 2009), social actors might become vulnerable when they
have no power to manage the intermediate services (often regulating), on which the
final service relies on (often provisioning) (Felipe-Lucia et al., 2015a; Berbés-Blazquéz

et al., 2016).

Third, the application of the framework leads to the hypothesis that social relations
between local and external actors shape actual supply and distribution of ecosystem
services. For example, the power exerted by policy-makers at national and regional
level over local farmers regarding the management of irrigation systems in the
Nacimiento watershed had a direct impact on the provision of essential ecosystem
services for local farmers, such as hydrological regulation and erosion control. This
result is consistent with the findings from Fedele et al. (2018), which shows that
systems with few local actors influencing decision-making (although highly dependent
on ecosystem services) and with influential actors operating remotely from the site
might generate intense trade-offs among ecosystem services. By contrast, systems
with less influential external actors where multiple local actors influence decision-

making regarding ecosystem services may weaken ecosystem services trade-offs.

The fourth hypothesis is that the increasing interest of few powerful actors (mostly at
larger scales) to intensify farming systems for single ecosystem services, such as crop
or freshwater, will reduce the capacity of landscapes to provide ecosystem services to
multiple people, whereas multifunctional landscapes should be able to provide services

to a more diverse number of actors (Fischer et al., 2017).
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Finally, dependence on ecosystem service and influence in their management might be
allocated in different stages of the so-called ‘ecosystem services cascade’ (Haines-
Young and Potschin, 2010). Dependency is often located ‘downstream’ in the cascade,
where ecosystem services benefit actors. However, influence might often be exerted
‘upstream’, where ecosystem processes lead to the flow of ecosystem services
towards beneficiaries. For example, Felipe-Lucia et al. (2015a) found that decision-
makers have higher ability to manage habitat quality and the ecological processes
underpinning the provision of water quality, whilst farmers and recreation sector
depend on those ecosystem services that directly benefit people, such as freshwater

and recreation experiences.

5. Conclusions

By disentangling how cross-scale social relations shape the distribution of ecosystem
services and decision-making about their management, our framework enables the
integration of procedural and distributional equity in ecosystem services assessments,
policies and management for the first time. First, the application of the framework can
contribute to the identification of mismatches between actors' dependence on
ecosystem services and influence over decision-making regarding ecosystem services.
Second, it can be used to identify scales at which changes in governance could
influence and reduce these mismatches. Third, knowledge that emerges from the
application of the framework can be used as a tool to assess how existing policies
shape procedural and distributional equity and to anticipate how future policies may
affect both forms of equity. Consequently, the ‘cross-scale influence-dependence
framework’ that we present in this study can help to address the challenge of
integrating knowledge from political ecology in ecosystem service research, by

assembling information on power relations and distributional and procedural equity
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regarding ecosystem services. This framework also contributes to advance the
research on telecoupling by considering cross-scale social relations as a type of inter-
regional flows relevant for ecosystem services assessment, something which is not yet
acknowledged in the telecoupling framework (Liu et al., 2013; Schroter et al., 2018).
Finally, the framework can be used to practically identify ecosystem services
management strategies that move towards sustainability by enhancing procedural and

distributional equity.
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983 Table 1. Description of methodological tools relevant for cross-scale dependence-
984 influence analysis in ecosystem services research.
Tool Description Relevance for analysis of cross- Examples of
scale social interactions relevant
applications

Stage 1. Identification of social actors

Participant
observation

Researchers build a close and
trustful relation with social groups or
communities through an intensive
involvement over an extended period
of time in their daily practices,
activities or routines. This method is
usually combined with interviews
(Newing et al., 2011).

It allows to engage in the community
and to gain deep knowledge about
who gain and loose from ecosystem
services. Through this method,
researchers can also uncover
discrepancies between what
participants say (e.g. in interviews)
and what actually does happen.

(Calvet-Mir et al.,
2012; Iniesta-
Arandia et al.,
2014; von Heland
and Folke, 2014)

Semi-
structured
interviews

Pre-arranged interviews based on a
guide or structure (a list of topics or
guestions to address) but not
constrained by it (Newing et al.,
2011; Reed et al., 2009)

By allowing open-ended answers, it
allows for a deeper understanding of
the topic. It also allows to apply
snowball sampling that contributes to
identify the full suite of social actors.

(Felipe-Lucia et
al., 2015a; Gould
et al., 2015; Klain
etal., 2014; von
Heland and
Folke, 2014)

Questionnair
es

The most structured social research
method, consisting of a set of
specific questions, often closed-
ended questions, with the aim to
elicit information on a particular,
guantifiable variable (Newing et al.,
2011).

By administering the questionnaire to
a representative population and
through the use of comparable
guestions (ranking, rating scales or
closed checklists), questionnaires
allow to characterize communities
and relationships between variables,
i.e. dependence on ecosystem
services or influence on decision-
making, on the basis of statistical
evidence.

(Felipe-Lucia et
al., 2015a;
Martin-L6pez et
al., 2007)

Focus groups

Pre-arranged group interviews and
discussion with a small selection of
participants that often follow a guide
(Reed et al., 2009). Focus groups
allow participants to voice their
opinions and knowledge, although
they include the risk that the
discussion might be dominated by
certain individuals.

Focus groups contribute to reach
consensus regarding the social
actors relevant for the analysed
ecosystem services, who gain or loss
from it, and who influence decision-
making.

(Crouzat et al.,
2016; Fazey et
al., 2010)

Expert panel-
based
approaches

Selection of people supposed to
have expertise enough to assess a
topic. This method is used when
specialized knowledge and input is
required.

Expert-panel approaches contribute
to gain knowledge about existing
social actors in a short time-frame.
However, as it is limited in terms of
social actors involved, it might hide
relevant actors.

(Geneletti, 2007;
Orsi et al., 2011)

Stages 2 and 3. Assessment of the level of dependence on ecosystem services and influence on
decision-making
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Cognitive A process by which respondents Eliciting and sharing mental models (Moreno et al.,
mapping and | filter, recall and decode their can strengthen the uptake of multiple | 2014; Vihervaara
mental cognitive frameworks regarding the sources of knowledge, thereby, etal., 2012)
models interpretation and understanding of building understanding about the
their environment and their multiple social actors operating at
relationships with it (Biggs et al., different scales regarding the use
2011) . and management of ecosystem
services.
Rainbow Tool to classify social actors Can be adapted to assess to what (Cundy et al.,
diagrams according to the degree they can degree different social actors 2013; Starick et
affect or be affected by a problem or | influence or are dependent on al., 2014)
action (Chevalier and Buckles, 2008) | ecosystem services.
Interest- Analytical tool to sort social actors in | The purpose of this tool is to prepare | (Garcia-Nieto et
influence a two-dimensional plot according to a sound classification of social actors | al., 2015; Iniesta-
matrix their relative level of interest and that helps understand their Arandia et al.,
influence on a certain environmental | dependence on ecosystem services | 2014; Maguire et
issue (Reed et al., 2009). and their influence in management of | al., 2012)
ecosystem services. It also supports
the understanding of stakeholders’
viewpoint and motivations related to
ecosystem services. It finally
contributes to predict possible social
conflicts derived from management
actions.
Participatory | Method for collecting spatial Participatory mapping is used to (Garcia-Nieto et
and information about natural resources, | engage different social actors in the al., 2015; Palomo
deliberative ecological properties and identification of relevant ecosystem etal., 2013;
mapping components, and their use by services, and to spatially identify Plieninger et al.,
people, within a geographical where they are provided and used or | 2013)
framework (Newing et al., 2011). Itis | demanded by people (Brown and
often based on local and experiential | Fagerholm, 2015). Therefore, it is
knowledge (Brown and Fagerholm, able to spatially identify those actors
2015). who depend on and use a particular
set of ecosystem services.
Scenario Scenario planning aims at Scenarios and visioning of the (Bohensky et al.,
planning developing multiple alternative possible and plausible future 2006; Hanspach
futures, which should be coherent, relations between drivers of change, | etal., 2014;
internally consistent and plausible ecosystem services and the human Malinga et al.,
(Peterson et al., 2003). Participatory | wellbeing of multiple social actors 2013; Oteros-
scenario planning also entails the contributes to improve understanding | Rozas et al.,
construction of futures with multiple of important interlinkages and 2013; Palomo et
social actors, fostering the feedbacks between components of al., 2011)
integration of complementary types social-ecological systems across
of knowledge as well as social scales (IPBES, 2016).
learning and innovation (Oteros-
Rozas et al., 2015).
Stage 4. Type and strength of interactions among social actors within and across scales
Actor- Mapping and descriptive tool used as | It can produce a graphical (Biggs and
linkages starting point for discussing representation of the information Matsaert, 1999)
matrices relationships (usually based on flows | flows between actors influencing the
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of information) between key actors.
One of the main aims is to explore
power relationships in the control of
flow of information (Biggs and
Matsaert, 1999).

management of ecosystem services.

NetMap Mapping tool based on interviews It increases network understanding (Schiffer and
that allows the identification, among | by combining structural measures of | Hauck, 2010)
others outcomes, of complex formal | the network with attributes of actors,
and informal relations and power such as influence or dependence on
relations among social actors ecosystem services.

(Schiffer and Hauck, 2010).

Social Social networks are comprised of It can identify influential social actors | (Ernstson et al.,

network social actors who are tied to one in ecosystem services management, | 2008; Fliervoet et

analysis another through meaningful as well as ‘brokers’ (i.e. social actors | al., 2016;
relations, based on information, who guarantee the connection Rathwell and
resources or material flows. The between groups of social actors or Peterson, 2012;
focus of social network analysis goes | between systems) and, thereby, Vance-Borland
beyond attributes of individual actors, | allows to identify which actors are and Holley, 2011)
and explores how actors are decisive in the system and at which
allocated within a network, which scale operate (Friis and Nielsen,
subgroups of actors emerge based 2014)
on their relations and how relations
are overall structured in the network
(Friis and Nielsen, 2014; Prell et al.,

2009)

Institutional This method seeks to make It can contribute to identify power (Perreult, 2003;

ethnography | connections among the situations of | dynamics in the daily life of different | Williams and
everyday life experienced by actors when working with institutions. | Ranking, 2015)
individuals in working within
institutions (e.g. Grahame, 1998;

Townsend, 1996)
985
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Table 2. Summary of the four case studies used to illustrate the suitability of the ‘cross-scale influence-dependence framework’, including the

ecosystem services related to the case study, main actors identified at each spatial scale and the method used for their identification, and

discussion on distributional and procedural equity. Methods used to collect the data are also presented, indicating (a) methods used to identify

ecosystem services and (b-e) methods used in each step of the ‘cross-scale influence-dependence framework’ (1-4, respectively). Decision-

makers include both policy advisers and resource managers.

Case study Main ecosystem Actors Method to identify Distributional Procedural Methods References
services actors equity equity
Local Regional Global
Small-scale Provisioning: materials  Fish Fisheries, park Focus groups (9 focus  Winners: Well represented Focus groups (a-  (Hicks et al.,
coral reef and fishery. Cultural: workers, managers, decision- groups with 4-9 Tourism in decision- e); Individual 2015, 2013;
fisheries in research, education, coastal makers, tourism participants per group). industry and making: Managers  semi-structured Hicks and
Southern cultural heritage and residents industry, scientists scientists, both (local scale), interviews (N= Cinner, 2014)
Kenya (~175 recreation. Regulating: at the regional Tourism industry 180) (c, e);
km coastline) habitat maintenance, and global (regional and Participant
(Section 3.1)) coastal protection, scales. Losers: global scales). observation (e).
sanitation. Fishermen and Less represented:
residents, both Fish workers (local
at the local scale).
scale.
Traditional Provisioning: food. Farmers, Urban NGOs, Interviews (N = 18). Winners: Represented in Interviews (a, b, (Garcia-
farming in the Cultural: aesthetic rural residents, decision-  Participant observation. intensive decision-making: e); Face-to-face Llorente et al.,
Nacimiento enjoyment, local residents, nature makers Face-to-face agriculture environmental questionnaires (b- 2015, 2012;
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watershed, SE identity, tourism. NGOs, tourists, questionnaires (N = farmers managers, NGOs d); Focus groups  Garcia-Nieto
Spain (598 Regulating: erosion decision- NGOs, 181): Farmers (9.6%); (includes and farmers (local  and participant et al., 2015;
kmz) (Section control, hydrological makers decision- rural residents (31.2%); greenhouses). scale), observation (b); Iniesta-
3.2)) regulation. makers nature and rural Losers: environmental Interest-influence  Arandia et al.,
tourists (33%); NGOs traditional NGOs and matrix (c-d); 2014; Iniesta-
and decision-makers farmers and decision-makers Deliberative Arandia 2015)
(26.2%). rural residents (regional scale); mapping
(local scale), decision-makers workshops (16
urban residents  related with water  participants) (c);
and nature efficiency (regional  Social network
tourists and European analysis (e)
(regional scale).  scales)
Nature tourism  Cultural: aesthetic Farmers, Tourism European Interviews (N= 71): Winners: Represented in Semi-structured (Felipe-Lucia
in rural areas in  enjoyment, recreation rural industry, decision-  Farmers (23%); Workers of the decision-making: interviews (a-e); et al., 2015a,
the Piedra and nature tourism, population, tourists, makers, tourism industry (18%); tourism industry; Tourism industry, Face-to-face 2015b)
River valley, environmental local decision- scientists, leisure sector (37%); Losers: local NGOs, farmers questionnaires
NE Spain (616  education, and cultural NGOs makers. tourism organizations (23%) residents (local scale), (a); Participant
km?) identity. Regulating: industry decision-makers observation (c-e);
(Appendix A) habitat maintenance, (all scales) Interest-influence
water depuration, matrix (c-d);
climate regulation, and Actor-linkages
biological control, matrix (e)
Grass-based Provisioning: fodder Dairy and Tourists, European A stakeholder analysis  Winners: arable  Represented in Interviews (a-e); (Annys et al.,
dairy system in  and milk production. arable decision- decision-  workshop with 7 local farmers and decision-making: Card-game (a); 2017;
Voeren Cultural: aesthetic farmers, makers, makers, experts with a horse owners decision makers workshops (b-e); Demeyer et
Eastern enjoyment, cultural horse agro- agro- helicopter view. Twelve (local scale). (all scales), and interest-influence  al., 2017,
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991

Belgium
(51 km?)
(Appendix B)

identity, recreation,
nature tourism.
Regulating: water flow
regulation and carbon

sequestration.

owners,
local

community

business

sector

business

sector

semi-structured
interviews of local
experts with different
backgrounds: Farmers,
tourism, public

organizations.

Losers: dairy
farmers and
local
community, both
at the local

scale.

agro-business matrix (b-d)
sector (regional
and European

scales)

Thoonen and
De Smet,
2017)
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Figure legends

Figure 1. Visual representation of the cross-scale influence-dependence framework.
We illustrate the framework by including five different social actors, but other actors can
be relevant as well, such as rural communities, researchers or environmental
managers. In step 4, arrows are simplified to represent relations between different
social actors within a particular spatial scale and across scales. Arrow thickness
denotes the strength of the relations among social actors mediated by formal (solid
line) and informal (dashed line) institutions. Note that this figure is a schematic
representation of our framework, not a summary of the results. See main text for

details.

Figure 2. Application of the cross-scale influence-dependence framework in the
southern Kenyan coastline: (a) Dependence on ecosystem services associated with
coral reef fisheries: materials, fishery, research & education, bequest, culture,
recreation, habitat, coastal protection, and sanitation (Hicks et al., 2015, 2013). (b)
Cross-scale patterns of influence on the management of ecosystem services by
different social actors. Arrows denote the most important relations mediated by formal
(solid lines) and informal institutions (dashed lines) among actors regarding the
decision-making on ecosystem services. The length of petals, scoring from 0 (without
influence) to 5 (large influence), is based on expert opinion. (c) Dependence-influence

matrices across scales.

Figure 3. Application of the cross-scale influence-dependence framework in the
Nacimiento watershed (SE Spain): (a) Dependence on ecosystem services associated
with traditional farming by different social actors at different scales. Such ecosystem
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services include food, erosion control, hydrological regulation and aesthetic values
(Garcia-Llorente et al., 2015, 2012). The length of petals, scoring from 0 (not
dependence) to 5 (highly dependent) is based on Iniesta-Arandia et al. (2014). (b)
Cross-scale patterns of influence on the management of ecosystem services by
different social actors. Arrows denote the most important relations mediated by formal
(solid lines) and informal institutions (dashed lines) among social actors regarding
decision-making on ecosystem services. The length of petals, scoring from O (without
influence) to 5 (highly influential), is based on Iniesta-Arandia et al. (2014) and expert

opinion. (c) Dependence-influence matrices across scales.
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