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ABSTRACT
Scenario analysis is a useful technique to inform landscape planning of social-ecological
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systems by modelling future trends in ecosystem service supply and distribution. This is
especially critical in floodplain agroecosystems of rural areas, which are at risk of losing
riparian forest corridors due to increasing land use conversion for agricultural production
and other ecosystem services due to rural abandonment. However, few studies investigating
the effects of land management combine social and ecological modelling in scenario ana-
lyses. We estimated the supply of 16 ecosystem services under five alternative scenarios along
two gradients: agricultural intensification of the floodplain and active ecological restoration of
the riparian forest. We used redundancy analyses to detect ecosystem service bundles and
interviews to identify societal gains and losses associated with each management scenario.
Our results show how land management influences both the supply and distribution of
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ecosystem services. Scenarios promoting active ecological restoration supplied more services
and benefited a larger range of societal sectors than scenarios focused on provisioning
services. We also found two consistent bundles across scenarios, one related to less intensive
food supply and another one related to outdoor activities. Interestingly, additional services
were included in these bundles in the different scenarios, reflecting land management effects.
Landscape scale management promoting both the conservation of ecosystem functioning
and the sustainable use of provisioning services could supply a more balanced set of
ecosystem services and benefit a larger number of societal sectors, contributing to more
equitable and sustainable futures in rural areas.
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Introduction . . . . .
a third of provinces in peninsular Spain have cur-

rently a population density lower than 30 inhabitants/
km?, lowering to less than 8 inhabitants/km? in seven
provinces (INE 2019). This has resulted in two con-
trasting landscapes: inhabited rural areas character-

Worldwide trends show accelerating rates of urbani-
zation while rural areas undergo depopulation
(United Nations 2018). These trends are consistent
with shrinking rural regions across Europe, which is

particularly strong in Northern and Mediterranean
countries (ESPON 2017). For instance, more than
80% of rural municipalities in Spain have shrunk
between 1961 and 2011 (ESPON 2017). As a result,

ized by agricultural intensification and depopulated
rural areas characterized by the abandonment of
agricultural practices (Garcia-Llorente et al. 2012). It
is well known that agricultural intensification can
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increase the supply of a few provisioning services,
such as crop yield, at the expenses of regulating and
cultural services (Foley et al. 2005; Felipe-Lucia et al.
2014; Qiu et al. 2021), and it is also associated with
biodiversity loss (Allan et al. 2015; Felipe-Lucia and
Comin 2015; Newbold et al. 2015). This trade-off is
especially critical in floodplain areas, which are threa-
tened by agricultural intensification because of their
nutrient-rich soils (Tockner et al. 2008). In turn,
natural revegetation following the abandonment of
agricultural practices can help improve some ecolo-
gical functions and services, such as erosion control
and water quality (Navarro and Pereira 2015;
Darwiche-Criado et al. 2017). However, rural aban-
donment also has important consequences for the
social-ecological system, including the loss of local
traditional knowledge associated with low-intensity
and semi-subsistence agriculture (Gémez-Baggethun
et al. 2010; Iniesta-Arandia et al. 2014a). In this con-
text, active ecological restoration can enhance multi-
ple ecosystem services and foster the development of
rural economies via ecotourism and other nature-
based activities (Aradottir and Hagen 2013). Given
the varied effects of landscape management on the
ecosystem, understanding the social-ecological conse-
quences of the different options is fundamental to
inform decision-making on landscape management
policies.

Scenario analysis is a common tool to identify the
pros and cons of landscape management according to
one or more criteria (Nelson et al. 2009; Kubiszewski
et al. 2017; Lerouge et al. 2017). Scenario analysis is
generally composed of three steps: definition of
scope, design of alternative scenarios (i.e. narratives
or storylines) and modelling or assessment of such
scenarios (Figure 1). The first step defines the time-
frame and extent of the scenario analysis (Kirchgeorg
et al. 2010). In the second step, since one of the aims
of scenario analyses is to visualize potential end-
points and long-term consequences of particular
management decisions, the alternatives are designed

>
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to show contrasting situations together with inter-
mediate alternatives (Arkema et al. 2015). In the
third step, the selection of response variables to be
measured against each scenario is critical. In land-
scape management scenarios, the variables assessed
range from biodiversity loss (Liekens et al. 2013) to
economic gains (Van Berkel and Verburg 2012). Due
to their ability to account for ecological, economic
and social values, ecosystem services are gaining
importance as key response variables in scenario
analyses (Plieninger et al. 2013; Arkema et al. 2015;
Rosa et al. 2017).

Most scenario analyses model a very small set of
ecosystem services and neglect the interactive effects of
multiple ecosystem services in the landscape in terms
of trade-offs and synergies (Bennett et al. 2009; Felipe-
Lucia et al. 2014; Qiu et al. 2018). This can lead to
important biases in the management decisions
informed by those assessments, especially if economic
indicators of provisioning services outnumber other
indicators and service categories (Martin-Lopez et al.
2014). Therefore, it is important to assess the effect of
future scenarios on a variety of ecosystem services,
including the often-underrepresented regulating and
cultural services, to ensure a better overview of the
effects of land management on the ecosystem and to
inform policy and decision-making. In this context,
the analyses of ecosystem service bundles (i.e. ecosys-
tem services that repeatedly appear together;
(Raudsepp-Hearne et al. 2010; Qiu and Turner 2013;
Hanspach et al. 2014; Queiroz et al. 2015) can help
aggregate the information on multiple ecosystem ser-
vice indicators and facilitate landscape management by
identifying patterns in ecosystem services (Meacham
et al. this issue).

Whereas ecosystem services are one type of
response variable that can be modelled in scenario
analyses, the social component of these scenarios,
such as identifying winners and losers, is often
neglected or overlooked (Rosa et al. 2017). Indeed,
research is increasingly showing that different sectors

Model response variables
(or model pathways)
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Figure 1. Main steps for scenario analysis to inform decision-making. Note that steps 2 and 3 are interchangeable depending on
the scenario type. Response variables should be inclusive to reflect plural valuation of scenarios (e.g. ecological, social and
economic variables), represented by different colours in the pie chart.
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Table 1. Selected ecosystem services, indicators, units, data source and scale of data collection. See supplementary Figure S3 for

upscaling and downscaling procedures.

Category Ecosystem service Indicator Units Data source Scale of data collection
Supporting Soil formation Organic matter layer m? Field data Plot per land use type
Habitat quality Riparian Quality Index - Field data Plot per land use type
Regulating Water quality Dissolved nitrate ppm Field data Municipality
Available nitrogen Total nitrogen kg Field data Plot per land use type
Available phosphorus Soluble reactive phosphorus kg Field data Plot per land use type
Soil carbon storage Total carbon kg Field data Plot per land use type
Tree carbon storage Carbon storage in trees CO,eq Secondary Land use type
Climate regulation Air temperature variation °C Field data Plot per land use type
Biological pest control Vertical vegetation structure Richness Field data Plot per land use type
Provisioning Food caloric content Caloric value kcal Secondary Land use type
Food economic yield Yield € Secondary Land use type
Fibre production Biomass increase T Secondary Land use type
Cultural Aesthetic value Picture density Count Field data Land use type and municipality
Recreation Picnic area density Count Field data Land use type and municipality
Sport opportunities Paths density m GIS data Land use type and municipality
Environmental education Educational panels Count Field data Land use type and municipality

of society or stakeholders may benefit or lose from
alternative land management policies, which can result
in strong inequalities between stakeholders (Zafra-
Calvo et al. 2017; Benra et al. under review). Despite
its critical importance, studies integrating both com-
ponents of the social-ecological system in scenario
analyses by modelling ecological as well as social
response variables are few in the literature.

Here, we analyse social and ecological effects of five
alternative future scenarios for a Mediterranean agricul-
tural floodplain (Table 1), building on previous knowl-
edge that assessed ecosystem services in different land-
use types of the floodplain and social preferences for
ecosystem services across a range of stakeholders. The
scenarios are based on the combination of two gradients
showing typical land management trade-offs: agricultural
intensification (i.e. from rural abandonment to intensive
agriculture) and ecological restoration (i.e. from the cur-
rent situation to the active restoration of riparian habi-
tats). Specifically, we i) assess the ecosystem service
supply of the five alternative scenarios using proxies of
16 ecosystem services, including supporting, regulating,
cultural and provisioning services, ii) identify bundles of
ecosystem services that are maintained across scenarios,
and iii) investigate the effects of these scenarios on four
stakeholder groups in terms of how they are impacted by
changes in ecosystem services (i.e. winners and losers).
A diagram summarizing the procedures for scenario
analysis used in this study can be found in the supple-
mentary Figure S1.

Materials and methods
Study area

The study area is the floodplain of the River Piedra (River
Ebro basin) located in north-east Spain (Figure 2).
Annual average temperature is 12.7°C, annual average
rainfall is 450 mm, and the water flow is characterized by
marked seasonal variability. The River Piedra is approx.
76 km long and the watershed covers an area of 923 km?,

ranging in altitude from 1100 m.a.s.l. to 600 m.a.s.l. The
River Piedra floodplain ranges from 50 to 300 m wide and
occupies 19.3 km?, covering 12 municipalities with a total
area of 532.64 km” and a population of 1539 inhabitants
(Felipe-Lucia et al. 2014). The main land use types of the
floodplain are dry cereal crops, abandoned croplands,
irrigated cereal crops, poplar groves, urban areas, fruit
orchards, and riparian forests. The upper part of the River
Piedra (ca. 46 km long) is dry for most of the year due to
the semiarid climate and karstic substrate, and the main
land use type is dry cereal crops. The middle and lower
parts of the river have a continuous flow (ca. 30 km long),
and the main land use types are irrigated cereal crops,
poplar groves, fruit orchards and abandoned croplands.
La Tranquera reservoir, built in 1959 with 5.60 km” sur-
face area and 78.8 million m’, is located between the
middle and lower lands of the River Piedra, occupying
the formerly most productive lands (Felipe-Lucia et al.
2014). Remnants of riparian forests are scattered along
the floodplain.

Identification of social actors

We conducted 71 face-to-face, semi-structured inter-
views with the main stakeholders of the study area
between August 2011 and March 2012 (see locations in
supplementary Figure S2). These included the primary
sector (i.e. farmers, shepherds, and workers at a fish farm;
n = 16), the recreation providers (i.e. owners or workers
at restaurants, hotels, lodges, nature tour operators,
adventure enterprises, and regional-level tourist site
Monasterio de Piedra; n = 13), the recreation users (i.e.
retired residents, visitors, hikers, bikers, fishermen;
n = 26) and institutions (i.e. local councils, regional
governmental bodies for the management of water catch-
ments and natural areas, scientific and educational insti-
tutions; n = 16). Interviewees were asked about the uses
and benefits they derived from the River Piedra valley.
They were also asked to rank a pre-defined list of 21
ecosystem services according to the importance of these
services for their livelihoods. Interviews lasted between 30
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Figure 2. Main land use types of the River Piedra floodplain (left) and example of the effects of alternative management
scenarios on the distribution of land use types (right). CURSIT: Current situation; CONRES: Conservation & Restoration; INTAGR:
Intensive agriculture; CONPRO: Conservation & Production; RURABA: Rural abandonment (see main text for a full description of

the scenarios and Table 2 for a summary).

and 90 minutes and digital records were kept with the
interviewees’ consent (see further details in Felipe-Lucia
et al. 2015a).

Scenario design

We created five scenarios framed around two typical land
management trade-offs (agricultural intensification and
active ecological restoration) that could exist in 20 years

(Figure 2). These scenarios reflect changes in the ecosys-
tem services ranked highest across all stakeholders and
that we were able to measure (e.g. water quality, recrea-
tional activities, food production): i) Current situation
(CURSIT); ii) Riparian forest conservation and active
ecological restoration (CONRES), which strongly influ-
ences water quality and recreation; iii) Intensive agricul-
ture (INTAGR), which is related to food production; iv)
Riparian forest conservation and agricultural production
(CONPRO), which affects most ecosystem services
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Table 2. Summary of each scenario. CURSIT: Current situation; CONRES: Conservation & Restoration; INTAGR: Intensive
agriculture; CONPRO: Conservation & Production; RURABA: Rural abandonment. NA: Not applicable. PHD: Public Hydraulic
Domain (BOE 2008). SCI: Sites of Community Importance designed in the Habitats Directive 92/43/EEC (European Commission
1992). (*) variables considered for the equity assessment but not modelled in the calculations of ecosystem service supply in

each scenario.

Riparian Abandoned  Upper Water  Small
Scenario  forest  Agriculture  cropland lands Middle lands Low lands Restoration Tourism* quality  dams*
CURSIT 1.6% 43.6% 15.9% Dry Irrigated Fruit groves,  NA Centralized and Same Kept
cereal cereal crops orchards underdeveloped
crops and poplar
groves
CONRES  18.2% 41.1% 2.8% Dry Irrigated Fruit groves, 5 m PHD + SCI Decentralized and +90% Removed
cereal cereal crops orchards + abandoned developed
crops and poplar croplands>
groves 5000 m?
INTAGR 1.6% 59.4% 0.0% Dry Irrigated Irrigated NA Centralized and -20% Kept
cereal cereal cereal decrease
crops crops, fruit crops, fruit
groves and groves and
poplar poplar
groves groves
CONPRO  9.5% 52.6% 0.0% Dry Dry cereal Dry cereal 5m PHD + SCI  Decentralized and +90% Removed
cereal crops, fruit crops, fruit developed
crops groves and groves and
poplar poplar
groves groves
RURABA  1.6% 39.2% 20.2% Dry Irrigated Irrigated NA Centralized and +40% Kept
cereal cereal crops cereal crops underdeveloped
crops and poplar and poplar
groves groves
studied; and v) Rural abandonment (RURABA), which  Importance (SCI) defined by the European

represents an existing trend in the study area. The narra-
tive for each scenario is detailed below and summarized
in Table 2, indicating the variables included in both the
ecological and social assessments or solely in the social
assessment.

Current situation (CURSIT)

In the current situation, the River Piedra floodplain
is mostly covered by agricultural crops (43.6% of
the floodplain), including dry cereal crops in the
upper lands, irrigated cereal crops and poplar
groves in the middle lands, and fruit groves and
orchards in the lower lands. A substantial portion
of the study area is abandoned cropland (15.9%).
Riparian forest (1.6%) is limited to upland river
gorges and to a private natural park located in the
middle lands. Tourist activities generated around
this park are the main economic driver of the
area. There is also a hydropower facility and
a fish farm. Pastoralism in the area is rare, with
some municipalities having only one or two small-
scale shepherds. Companies offering recreational
activities in nature start to be developed.

Riparian forest conservation and active ecological
restoration (CONRES)

Riparian forest is protected and actively restored
across: i) the 5 m of ‘Public Hydraulic Domain’
established by the Spanish law (BOE 2008) along
both sides of rivers; ii) Sites of Community

Commission Habitats Directive (92/43/EEC) within
the River Piedra floodplain; and iii) abandoned
croplands larger than 5000 m® (Osborne and
Kovacic 1993; Arizpe et al. 2008). In these areas,
typical riparian forest plant species are planted (e.g.
Salix sp., Populus sp., Fraxinus sp., etc.) and main-
tained. Small dams no longer used for irrigation are
removed from the stream, facilitating the dispersal
of fish and seeds. Restored riparian forests are open
to public access, which develops nature tourism
based on environmental education, trekking, bird-
watching and fishing. Cultivated lands keep the
same practices in order to maintain the existing
activities of the local population (Barbastro Gil
2005; Gonzalez et al. 2017).

Intensive agriculture (INTAGR)

Agricultural production is increased by: i) cultivating
formerly abandoned croplands; and ii) irrigating all
cropland in middle and lower lands. In the upper
lands, only water-fed cropland is farmed. In the mid-
dle and lower lands, one-third part of the agricultural
lands of each municipality are planted with cereals,
one-third part with fruit groves and one-third part
with poplar groves. Chemical fertilizers and pesticides
associated with irrigated cereal crops cause an
increase of the pollutant concentrations in the river.
As a consequence, negative impacts on the river rise
and fishing opportunities are limited to La Tranquera
reservoir, decreasing the emerging nature tourism.



Riparian forest conservation and agricultural
production (CONPRO)

Riparian forest is protected and actively restored
across: i) the 5 m of ‘Public Hydraulic Domain’
established by the Spanish law (BOE 2008) in both
riversides; and ii) Sites of Community Importance
(SCI) defined by the European Commission
Habitats Directive (92/43/EEC) within the River
Piedra floodplain. In these areas typical riparian for-
est species are planted (e.g. Salix sp., Populus sp.,
Fraxinus sp., etc) and maintained. Agricultural pro-
duction is increased by farming abandoned cropland.
In the upper lands, dry cereal crops are grown. In
each municipality of the middle and lower lands,
a one-third of abandoned croplands are transformed
to dry cereal crops, a one-third to fruit groves and
a one-third to poplar groves. Formerly cultivated
lands keep same practices in order to maintain the
existing activities of the local population (Barbastro
Gil 2005; Gonzalez et al. 2017). Small dams no longer
used for irrigation are removed from the stream,
facilitating the dispersal of fish and seeds. Restored
riparian forests are open to public access, which
develops nature tourism based on environmental
education, trekking, birdwatching and fishing.
Companies offering adventure activities in nature
(e.g. climbing, rafting, kayaking) are encouraged.
Traditional hydraulic infrastructures (e.g. water-
wheels, fulling mill) are restored and ethno-tourism
activities increase, fostering the renovation and rental
of cottages.

Rural abandonment (RURABA)

Existing investments in agriculture are retained but
there are no new investments in irrigation facilities
and machinery. This means that the least productive
croplands are abandoned. Thus, production is limited
to dry cereal crops in the upper lands and irrigated
cereal crops and poplar groves in the middle and
lower lands. Riparian forests are maintained at their
current extent as natural recovery from abandoned
cropland in this area takes much longer than 20 years
(Moreno-Mateos et al. 2012).

Ecosystem services supply

We estimated 16 indicators of ecosystem services
separately for each of the main seven land use types
of the study area. The ecosystem services comprised
two supporting services, seven regulating services,
three provisioning services, and four cultural services
(Table 1).

Supporting services

We collected soil data in three plots per land use type
except in urban areas, where most of the soils were
covered by impervious surfaces. Three transects 25 m
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apart of each other and perpendicular to the river
channel were established in each plot. We collected
three samples along each transect at 1 m, 5 m, and
15 m away from the river in July 2011 and July 2012.
The organic matter layer depth (cm), excluding leaf
litter, was recorded in the field with a measuring tape,
and average values at each point across both years
were used as an indicator of soil formation. The
volume of the soil organic matter layer was calculated
in cubic metres. Soils rich in organic matter are more
productive (Bauer and Black 1994), and therefore,
underly provisioning services.

We estimated habitat quality in three plot repli-
cates per land use type between July 2011 and
July 2012 using the Riparian Quality Index (RQI)
(Gonzalez del Tanago and Garcia de Jalon 2011).
RQI evaluates seven riverbank attributes: (i) dimen-
sions of land with riparian vegetation (average width
of riparian corridor); ii) longitudinal continuity, cov-
erage, and distribution pattern of riparian corridor
(woody vegetation); iii) composition and structure of
riparian vegetation; iv) age diversity and natural
regeneration of woody species; v) bank conditions;
vi) floods and lateral connectivity; and vii) substra-
tum and vertical connectivity). RQI results in
a relative score between 10 and 120, which was reclas-
sified between 0 and 100. Larger RQI scores indicate
better performance of riparian ecological functions
(Gonzalez del Tanago and Garcia de Jalon 2011).

Regulating services

For water quality, we sampled dissolved nitrate as
a measure of pollutant concentration in the river
(ppm). 21 samples along the river were collected
monthly in 2009. The sampling was designed to
cover a wide range of situations representing the
water quality of the study area and was repeated in
specific months of 2010 and 2011 to account for
possible variation in the water flow rates. Samples
were kept refrigerated and analysed in the laboratory
within a week using ionic chromatography (APHA
1998). Values per sample point were averaged across
years and then by municipality. As this indicator
reflects pollutant concentration, we used the inverse
value to account for water quality (Felipe-Lucia et al.
2015b). To model this service in the different scenar-
ios, we considered that the buffer area between the
river and the agricultural crops created in the
CONRES and CONPRO scenarios can reduce 90%
of the water pollution caused by nitrate (Osborne and
Kovacic 1993; Parkyn 2004). In turn, it was accounted
that the chemical fertilizers and pesticides associated
with increasing irrigated cereal crops in the INTAGR
scenario cause an increase of 20% in nitrate concen-
trations in the river (Darwiche-Criado et al. 2017). In
the RURABA scenario, the limitation in agricultural
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production reduces the concentration of nitrate in the
water flow by 40% (Darwiche-Criado et al. 2017).

For available nitrogen, we followed the same soil
sampling protocol as for soil formation. Nitrogen can
be a limiting nutrient for plant growth and condition
the functioning of the ecosystem (Vitousek and
Howarth 1991; LeBauer and Treseder 2008). Half
a kilogram of topsoil (0-10 cm) was collected at
each point, dried (48 hours at 60°C), sieved and
milled. Total nitrogen (available nitrogen) was mea-
sured using a macro elemental analyser (Vario Macro
Max CN). Average values across the two sampling
campaigns were used as an indicator.

For available phosphorus, we followed the same
soil sampling protocol. Phosphorus can be a limiting
nutrient for plant growth and condition the function-
ing of the ecosystem (Vitousek et al. 2010; Lang et al.
2017). Soluble reactive phosphorus (available phos-
phorus) was extracted following the Olsen protocol
(Olsen et al. 1954) and filtered. The extract was
analysed in an ionic chromatograph. Average values
across the two sampling campaigns were used as an
indicator.

For soil carbon storage, we followed the same
soil sampling protocol. Soils are an important
reservoir of carbon (Lal 2002; Olsson and Ardo
2002). Total carbon was measured using a macro
elemental analyser (Vario Macro Max CN).
Average values across the two sampling campaigns
were used as an indicator.

For tree carbon storage, we used annual CO,
sequestration rates by land use type from
a nationwide study, which estimated the amounts of
carbon stored by above- and below-ground biomass
of the main Spanish plant species and woody forma-
tions (Montero et al. 2005; CITA 2008). Calculations
are based on the species annual growth and trans-
formed into CO, equivalent tons per hectare using
stoichiometric equations (Montero et al. 2005). We
used the plant species or woody formations closest to
the land cover composition of our study area (e.g. for
fruit groves we used average values of apple, pear,
peach, and plum groves). Herbaceous species - and
therefore, irrigated cereal crops and dry cereal
crops — were not included because their annual CO,
storage balance is null (CITA 2008). For abandoned
croplands, only its woody formations (e.g. hawthorn)
were considered (Felipe-Lucia et al. 2015b). Urban
areas were not included since they usually act as
a source of carbon rather than as a sink (but see
Davies et al. 2011).

For climate regulation, we recorded air tempera-
ture every 60 minutes over a period of 8 months
(February to September 2012) using data loggers
(iButton). Three devices per plot were hung from
trees located at regular distances along a river transect
perpendicular to the river channel. Three replicate

plots were sampled in representative sites of each
selected land use type. Dry cereal crops and fruit
groves were not surveyed but surrogate values from
abandoned croplands and poplar plantations were
used, respectively, due to their similar cover and
structure. To estimate local temperature regulation,
we used the mean value of the daily temperature
range (DTR = maximum temperature of day x -
minimum temperature of day x) (Scheitlin and
Dixon 2010) per land use type. We took the inverse
values (1/DTR) so larger indicator values reflect
a larger role in buffering extreme temperatures
(Hubbart et al. 2005; Hubbart 2011).

For biological pest control, we estimated the rich-
ness of plant strata, as higher plant diversity is
expected to host a larger number of insects, thus
increasing the probability of biological pest control
(Soliveres et al. 2016). We surveyed three plot repli-
cates per land use type in July 2012, except in urban
areas. Within each plot, three floodplain-wide trans-
ects (average transect length 57 m) perpendicular to
the river channel were established 25 m apart. In each
transect, we used the point-intercept method
(Goodall 1952) every 10 cm to estimate species occur-
rence and percent cover of each plant species (i.e.
number of contacts relative to the total number of
points sampled). Identification of plants at the genus
or species level was corroborated using a regional
herbarium (i.e. herbarium of Jaca: http://proyectos.
ipe.csic.es/herbario) and a botanist expert. Then, we
classified vegetation records into four types of plant
strata (i.e. herb, creeper, shrub, and tree) and esti-
mated the richness of plants strata using the vegan
package (Oksanen et al. 2013) of the R software (R
Core Team 2019).

Provisioning services

For food production, we calculated two indicators,
namely, caloric content and economic yield. We esti-
mated the average yield (kilograms per hectare) of
each of the main land use types of our study area
from the latest update of a national public database
(INE 2012), updated on 30.10.2012. For irrigated
crops, we averaged the yield values of irrigated
wheat, barley, and corn yields. For dry cereal crops,
we used averaged yield values of dry wheat, barley,
and corn. For fruit groves, we used average yield
values of apple, pear, peach, and plum. The rest of
land use types were assigned a yield value of 0. To
obtain the caloric content per hectare, we multiplied
the yield (kilograms per hectare) by the crop caloric
content (kilocalories per 100 grams) (Felipe-Lucia
et al. 2014). We calculated crop productivity (eco-
nomic yield) based on crops yield and the index of
agricultural prices provided by the regional govern-
ment (Gobierno de Aragdn, http://www.aragon.es)
(Felipe-Lucia et al. 2015b).
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For fibre production, we used the yearly above-
ground dry biomass accumulation by land use type.
Data were obtained from a nationwide study that
estimated the annual growth rates of woody species
as tons of dry biomass per hectare, according to the
average timber diameter (Montero et al. 2005; CITA
2008). We adapted data from the closest woody spe-
cies to the land cover composition of our study area
(e.g. for fruit groves we used average data of apple,
pear, peach, and plum groves). Herbaceous species -
and therefore, irrigated cereal crops and dry cereal
crops — were not included because their annual accu-
mulated biomass balance is null (CITA 2008),
whereas for abandoned croplands, only its woody
formations (e.g. hawthorn) were considered (Felipe-
Lucia et al. 2015b). Note that supply of fibre produc-
tion considers existing management practices, i.e.
only supplied by poplar plantations.

Cultural services

For aesthetic value, we used pictures uploaded to
Panoramio, a web platform for pictures with
a special focus on landscape and environment. This
platform has been utilized in previous research about
social preferences on ecosystem services (Casalegno
et al. 2013; Martinez Pastur et al. 2016; Nahuelhual
et al. 2017; Oteros-Rozas et al. 2017). We accessed the
platform on 27.03.2014 and counted each single pic-
ture taken by a different person in each of the main
land use types of the River Piedra floodplain for each
municipality. This measure has been considered to be
more appropriated than the total number of pictures,
which would rather reflect the individual activity of
photographers (Casalegno et al. 2013). Pictures focus-
ing on buildings from all sorts (e.g. houses, towers,
crosses, churches, hermitages, monasteries, etc.) with
no environmental background were excluded because
they were not directly related to the use of the eco-
system (Felipe-Lucia et al. 2015b).

For recreation, we counted the number of areas
used for social activities (e.g. picnic areas; Posthumus
et al. 2010) by land use type and municipality in
August 2012. To compare these data across munici-
palities and land use types, we used a density measure
(i.e. Total number of picnic areas by land use type
and municipality/Extent of each land use type at each
municipality) (Felipe-Lucia and Comin 2015).

For sport opportunities, we downloaded all tracks
of sign-posted and user-designed paths from the
regional tourist office website (http://senderos.turis
modearagon.com) and wikilocs (http://www.wikiloc.
com), respectively, available as of 12.10.2012, follow-
ing Trabucchi et al. (2014). Tracks around the study
area were unified using GIS tools (Quantum GIS
Development Team 2012), and intersected with the
land use cover. Then, we calculated the length of
paths per land use and municipality.
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For environmental education, we counted the
number of educational panels with information
about the ecosystem by land use type and municipal-
ity in August 2012. To compare these data across
municipalities and land use types, we used a density
measure (i.e. Total number of educational panels by
land use type and municipality/Extent of each land
use type at each municipality) (Felipe-Lucia and
Comin 2015).

Data analyses

Data on the extension of each land use type per
municipality for the CURSIT scenario was extracted
from the Spanish crop and land-use digital map
(MMAMRM 2009) using ArcGIS 10 (ESRI 2012).
The extension for the alternative cenarios was calcu-
lated according to the changes in land use described
in the narratives above. Note that we did not assume
a magnitude of ecosystem services directly from the
land use cover maps. Instead, we used our own field
sampling or secondary data to map ecosystem
services.

Given that we used different scales in the sam-
pling of ecosystem services (e.g. plot per land use
type or municipality; Table 1), we upscaled or
downscaled ecosystem service measurements to
obtain a single value per land use type and/or
municipality for each scenario (see supplementary
Figure S3). For ecosystem services estimated per
unit area of land use type (e.g. food and fibre),
we calculated the average supply per hectare for
each land use type and multiplied it by the cover
of each land use type in each scenario. For ecosys-
tem services estimated at the municipality scale
(e.g. cultural services), we divided the supply
value by the size of the municipality and multiplied
it by the cover of each land use type in that muni-
cipality. In the case of water quality, it was not
possible to assign a supply value per land use
type; therefore, changes in water quality derived
from land use changes in each scenario were only
estimated at the municipality level, taking as
a reference the CURSIT scenario (see Methods for
Ecosystem service supply).

In order to facilitate the comparison across scenar-
ios, we normalized ecosystem services to a common
scale ranging between 0 and 1 using the formula
StV = (x— Xpin)/ (Xmax— Xmin); Where StV is the nor-
malized variable, x is the target variable and X, Xax
are the minimum and maximum value across all
plots, respectively. We used radial plots to represent
the relative supply of ecosystem services under each
scenario.

For each scenario, we calculated the relative
change in ecosystem service supply from the cur-
rent situation (i.e. CURSIT scenario) using the
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formula C = ((¢-b)/b)x100; where C is the propor-
tional change in percentage, t is the target value
(i.e. the estimated value for the alternative scenar-
ios) and b is the baseline value (i.e. CURSIT
scenario).

To identify ecosystem services bundles, we per-
formed a redundancy analysis (RDA), ie.
a multivariate multiple linear regression using the
vegan package (Oksanen et al. 2013) in R version
3.6.2 (R Core Team 2019). The supply of each ecosys-
tem service per municipality was the response variable,
while the extent in square metres of each of the seven
main land use types plus water per municipality was
the explanatory variables. Bundles of ecosystem ser-
vices, ie. services that repeatedly appear together,
sensu Raudsepp-Hearne et al. (2010), in each scenario
were identified using both RDA scales 1 and 2, and
RDA factor loads (Zoderer et al. 2019). The statistical
significance of RDA models and the variance
explained by RDA axes were tested by 1000 permuta-
tions (Borcard et al. 2011) (supplementary Table S1).

Interviews were transcribed and coded in order
to identify the role of each stakeholder group in
relation to the studied ecosystem services. We
identified stakeholders’ use versus ability to man-
age each ecosystem service by adapting the exist-
ing dependence-influence matrix approach (Reed
et al. 2009; Iniesta-Arandia et al. 2014b) and relat-
ing this to equity dimensions, as in Felipe-Lucia
et al. (2015b) and Martin-Lopez et al. (2019). This
information allowed us to identify the stakeholder
groups benefiting or losing from each alternative
management scenario. We distinguished between
strong gain, weak gain, weak loss, and strong loss
based on: i) the level of use of ecosystem services
of each stakeholder group, which is related to
distributive equity; ii) their ability to manage the
services they use, which is related to procedural
equity; and iii) the increase or decrease in the
ecosystem services they use in each scenario.
Strong gain was considered when the stakeholder
group used and/or managed at least two ecosystem
services that improved in that scenario. Strong
loss was considered when all or most of the ser-
vices used by the stakeholder group decreased in
that scenario. Weak gains or losses were situations
with both improvement and declines in the ser-
vices used by the stakeholder group, with a slight
overall increase (weak gain) or decline (weak loss).

Results

Ecosystem service supply under alternative land
management scenarios

We found large variation in the effects of land man-
agement scenarios on ecosystem service supply

(Figure 3). Under the Current situation (CURSIT),
we observed a low supply of supporting services and
most cultural and regulating services but intermediate
supply levels for provisioning services in comparison
to the other scenarios. Conservation & Restoration
(CONRES) achieved the largest supply of cultural
services and most supporting and regulating services
(excluding soil formation, available phosphorus and
climate regulation) but a low supply of provisioning
services in relation to other scenarios. This was the
scenario with largest ecological gains (Table 3).
Intensive agriculture INTAGR) contributed relatively
the least to the supply of supporting services, and
most cultural and regulating services (excluding tree
carbon storage) and the largest to the supply of food
production. This was the scenario with the fewest
ecological benefits (Table 3). Conservation &
Production (CONPRO) contributed an intermediate
supply of most ecosystem services in comparison to
the alternative scenarios, maximizing climate regula-
tion and minimizing fibre production. Finally, Rural
abandonment (RURABA) contributed relatively the
most to soil formation, available phosphorus and
fibre production but very little to the remaining eco-
system services.

Bundles of ecosystem services across scenarios

The redundancy analysis showed significant relation-
ships between ecosystem services across land manage-
ment scenarios (supplementary Table S1). In all
scenarios, more than 85% of the total variance was
explained by the first three axes, with the first axis
contributing more than 40% of the total variance, and
the second axis adding at least 28% more (supplemen-
tary Table S1). In terms of ecosystem services, the first
axis separated water quality from the rest of ecosystem
services and the second axis separated a group of
regulating services from cultural and other services
(Figure 4). Regarding land management, the first axis
was related to increasing poplar groves and irrigated
cereal crops from right to left while the second axis
clearly separated dry cereal crops from riparian forests,
accompanied by fruit orchards and abandoned crop-
lands in some scenarios.

We found two ecosystem services bundles con-
sistent across the five scenarios (Figure 4 and
supplementary Figure S4). The first bundle was
composed of food caloric content, nitrogen avail-
ability, soil carbon storage and biological pest
control. In addition, this bundle included addi-
tional services in different scenarios, such as cli-
mate regulation and habitat quality in CURSIT;
climate regulation and fibre production in
CONRES; climate regulation, habitat quality and
soil formation in INTAGR; and climate regulation
in RURABA. In axis 1, the land use types most
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Figure 3. Normalized supply of ecosystem services for each scenario (coloured shades). Blue: Current situation (CURSIT); Green:
Conservation & Restoration (CONRES); Red: Intensive agriculture (INTAGR); Purple: Conservation & Production (CONPRO); Orange:
Rural abandonment (RURABA). Note that the area covered by each scenario is arbitrary (i.e. depends on the sorting of ecosystem
services displayed) and should not be used for comparison (see main text for a full description of the scenarios and Table 2 for

a summary).

Table 3. Percentage of change in ecosystem service supply
for each scenario in relation to the baseline (i.e. current
situation). Positive values (italicized) indicate an increase
and negative values (bolded) indicate a loss of ecosystem
service supply. No change is denoted in grey font. CONRES:
Conservation & Restoration; INTAGR: Intensive agriculture;
CONPRO: Conservation & Production; RURABA: Rural aban-
donment (see text for a full description of the scenarios and
Table 2 for a summary).

Ecosystem service CONRES INTAGR CONPRO  RURABA
Soil formation 1343 -38.46 -18.32 131.10
Habitat quality 3912 -11.84 12.00 3.61
Water quality 900.00 -16.67 900.00 66.67
Soil carbon storage 6.21 0.01 3.43 1.11
Available nitrogen 13.23 -0.09 7.39 -0.38
Available phosphorus -6.39 -31.06 -23.59 7.53
Climate regulation 1.21 0.32 1.60 -0.01
Biological pest control 12.86 —-6.47 3.85 0.85
Tree carbon storage 255.23 54.16 160.63 -52.25
Food caloric content -5.27 29.90 11.06 -4.62
Food economic yield -5.94 66.96 4226  —-63.77
Fibre production -46.01 -19.78 -31.22 12.48
Aesthetic value 946.43 1.97 448.57 -1.45
Recreation 390.96 18.55 195.90 —-15.60
Sport opportunities 198.70  -30.01 72.20 8.49
Environmental education ~ 932.24 0.00 439.99 0.00

associated with this first bundle were poplar
groves and to a lesser extent irrigated cereal
crops; whereas in axis 2, it was positively asso-
ciated with dry cereal crops and negatively asso-
ciated with riparian forests (note that in CONRES,
this bundle was mostly explained by axis 1
uniquely). The second bundle included all four
cultural services and tree carbon storage in all
five scenarios; however, it was slightly more scat-
tered in INTAGR, where it also included food
economic yield, and in RURABA. In axis 2, this
bundle was mostly associated with riparian forest,
and to a lesser extent to abandoned crops and

fruit orchards, while negatively associated with
dry cereal crops. It was only partially explained
by axis 1 in CONRES. Surprisingly, food economic
yield was not associated with food caloric content
in any of the scenarios. In addition, water quality
was always unrelated to other services, and par-
tially associated with abandoned croplands and
fruit orchards. Other ecosystem services were
associated with different bundles in each scenario
but did not show a consistent pattern across the
five scenarios and, thus, are not further discussed.

Winners and losers of land management
scenarios

The land management scenarios had different
effects on the total supply of ecosystem services
in the study area, with important consequences for
the main stakeholders identified (Figure 5). In
relation to an optimal situation where all ecosys-
tem services would be supplied in high levels, we
observed that under the current situation
(CURSIT), both the primary sector and recreation
providers have weak losses, because the services
that they depend upon are in an average situation.
However, the recreation users and institutions
have strong loses in CURSIT scenario because
the possibilities for individual activities are low
and there is little supply of regulating services.
Comparing CURSIT with the alternative scenarios,
we observe that in CONRES scenario, the primary
sector has a weak loss, as some of their cultivated
land is turned back to riparian forest. All the other
groups have strong gains, as the services they use
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Figure 4. Redundancy analyses for each scenario. Colours indicate ecosystem service categories (blue: supporting, green:
regulating, Orange: provisioning, purple: cultural). Ellipses indicate the bundles (dashed: less intensive food supply bundle,
dotted: outdoors activities bundle). CURSIT: Current situation; CONRES: Conservation & Restoration; INTAGR: Intensive agricul-
ture; CONPRO: Conservation & Production; RURABA: Rural abandonment (see main text for a full description of the scenarios and
Table 2 for a summary; see supplementary Figure S4 for RDA scaling 2). Note that CURSIT and INTAGR show axis 2 reversed from

CONRES, CONPRO and RURABA.

and manage increase. In INTAGR scenario, the
primary sector has strong gains because provision-
ing services are promoted and the recreation users
have weak gains due to the slight increase in

cultural ecosystem services. However, the recrea-
tion providers have strong losses because water
quality deteriorates, and institutions have weak
loses because of the decrease in the regulating



services that they manage. In CONPRO scenario,
all stakeholder groups have weak gains because
most services increase in relation to current con-
ditions and there are not major decreases in ser-
vice supply. In RURABA scenario, both the
primary sector and recreation providers have
strong losses because of the decrease in both pro-
visioning and cultural services. The recreation
and the institutions have weak losses
because some of the regulating services that they
use and manage, respectively, slightly increase
while others decrease (Table 4).

In particular, our results show that while the pri-
mary sector (e.g. farmers) would benefit from the
most productive scenarios (ie. INTAGR and
CONPRO scenarios), the rest of the stakeholder
groups (i.e. recreation providers, recreation users
and institutions) would benefit from the scenarios
promoting some level of active ecological restoration
(i.e. CONRES and CONPRO scenarios). Interestingly,
we observed that all stakeholders would lose in
RURABA. These results indicate that CONPRO can
satisfy the demands of the main stakeholder groups
of our study area more equally, while CONRES and
INTAGR entail clear winners and losers (i.e. farmers
versus the other stakeholder groups) (Figure 5).

users

Discussion

We analysed the effects of alternative management
strategies on ecosystem service supply and stakeholder
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benefits using scenario analysis. In particular, we iden-
tified bundles of ecosystem services that are maintained
or changed across scenarios, and explored the social
consequences of those scenarios for different stake-
holder groups in terms of winners and losers. Our
results highlight the importance of combining both
ecological and social aspects to inform land planning
scenarios that promote multifunctional and inclusive
landscapes for different sectors of society (Fischer
et al. 2017; Martinez-Sastre et al. 2017).

Understanding patterns in ecosystem services
bundles

We found two bundles of ecosystem services consistent
across the five scenarios, which highlights the stability
of such bundles. The first bundle was related to less
intensive food supply, as it combines provisioning (i.e.
caloric content) and regulating services. The second
bundle was related to outdoors activities around ripar-
ian forests. Similar bundles have been identified in
other studies (i.e. agroservice and experiential service
bundles, respectively; Zoderer et al. 2019). The existence
of stable bundles supports the importance of manage-
ment policies that acknowledge the role of multiple
ecosystem services working synergistically rather than
focusing on isolated services regardless of their depen-
dencies (Raudsepp-Hearne et al. 2010). In practice, this
means that management actions directed to a particular
service could also affect other services of the shared
bundle, and hence potentially having indirect

Weak

CURSIT
CONRES

INTAGR

fAR

G

e AR

Strong

o

' CONPRO

RURABA

Figure 5. Gains and losses of ecosystem services under alternative land management scenarios for the four main stakeholder
groups. Coloured icons represent the stakeholder groups in each scenario. Blue: Current situation (CURSIT); Green: Conservation
& Restoration (CONRES); Red: Intensive agriculture (INTAGR); Purple: Conservation & Production (CONPRO); Orange: Rural

abandonment (RURABA) (see Table 4 for a detailed rationale).
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Table 4. Rationale of the gain and losses of alternative management scenarios on each stakeholder group. CURSIT: Current
situation; CONRES: Conservation & Restoration; INTAGR: Intensive agriculture; CONPRO: Conservation & Production; RURABA:
Rural abandonment (see text for a full description of the scenarios and Table 2 for a summary).

Stakeholder

group Rationale CURSIT CONRES INTAGR CONPRO RURABA

1 Primary Use and have some ability to manage several supporting and regulating services Weak  Weak  Strong Weak Strong
sector (e.g. that decrease in INTAGR and improve in CONRES, CONPRO and RURABA, such loss loss gain gain loss
farmers) as biological control, water quality, nutrient regulation (but decreases in

RURABA), and soil formation (but decreases in CONPRO). They use and manage
food which decreases in CONRES and RURABA and increases in scenarios

INTAGR and CONPRO; and fibre, which increases in RURABA and decreases in
CONRES, INTAGR and CONPRO. They also use aesthetic and recreation services

which increase in all scenarios except RURABA.
2 Recreation
providers

Use and manage cultural services which greatly improve in CONRES and CONPRO, Weak
have a slight increase in INRAGR and decrease in RURABA. They also use and loss gain loss gain loss

Strong  Strong Weak Strong

manage some regulating services such as water quality (which greatly improves
in CONRES and CONPRO and decreases in INTAGR) and tree carbon storage
(increases in all scenarios but RURABA). They don't use provisioning services.

3 Recreation Use some regulating services (water quality and biological control indirectly) Strong Strong Weak  Weak Weak
users which mostly increase in CONRES and CONPRO but also slightly in RURABA and loss gain gain gain loss
decrease in INTAGR. They also use cultural services which increase in CONRES
(especially high) and CONPRO, slightly in INTAGR and decrease in RURABA. They
don’t use provisioning services.
4 Institutions Manage some of the regulating services that improve in CONRES, CONPRO and ~ Strong Strong Weak  Weak Weak
RURABA, but decrease in INTAGR, such as water quality and habitat quality. loss gain loss gain loss

They contribute to tree carbon storage and recreation that increase in CONRES
(especially high), INTAGR and CONPRO but decrease in RURABA. They don’t use

or manage provisioning services.

repercussions on the stakeholders using those related
services. In turn, our results also show that additional
services can be gained or lost to the bundle depending
on the management practices. For example, habitat
quality and climate regulation would be lost from the
current food supply bundle in Conservation ¢
Production (CONPRO) due to the farming of aban-
doned croplands. However, in that scenario we could
identify a potential third bundle composed of habitat
quality, soil formation, phosphorus availability and
fibre production.

Our results also show consistent trade-offs in the
supply of ecosystem services between management
practices preserving the riparian forest versus inten-
sive agriculture. These trade-offs could be reduced by
applying soil conservation agriculture measures such
as, restoring riparian forest alongside the river, pre-
serving hedgerows, reducing the use of fertilizers and
pesticides, and avoiding tilling in fallows (Pretty
2008; Tscharntke et al. 2021). These measures are
especially critical in land use types covering larger
extents, as these contribute more to the service supply
at the landscape scale (Felipe-Lucia et al. 2014).
Besides, to promote a more balanced set of ecosystem
services, genetic diversity, local knowledge and other
cultural services could be enhanced by restoring pub-
lic paths between farms and along the river, local fruit
and fish varieties and fostering active agro-tourism
across the valley, as suggested in Conservation &
Production (CONPRO). For example, less intensive
farming of dry cereal crops could contribute to the
conservation and bird-watching of threatened steppe
birds such as the Great bustard (Otis tarda) (De
Frutos et al. 2015).

Our analyses were based on the most comprehen-
sive dataset available to show the variety of responses
of land-use change on a large number of ecosystem
services, identifying the potential for synergies and
trade-offs among ecosystem service bundles.
However, future studies could focus on those services
that have been shown to be most important for the
different stakeholders and the functioning of the
study area, or that are more prone to variation to
particular management options. In turn, methods for
bundle analysis should be further developed to objec-
tively identify the ecosystem services belonging to the
same bundle, regardless of the spread of those ser-
vices within and across the bundles. For example, the
outdoors activities bundle in INTAGR and RURABA
was scattered but still a bundle based on RDA scaling
2. Further, a deeper analysis of the stakeholders asso-
ciated with a bundle could help detecting potential
indirect effects, in terms of gains or losses, derived
from the management of one or more services within
the bundle (Bar6 et al. 2017; Quintas-Soriano et al.
2019; Zoderer et al. 2019). As in any study, the selec-
tion of indicators might compromise the interpreta-
tion and extrapolation of our results to other areas
where these indicators are not available. Although
other studies have reported similar bundles in distinct
study sites (Raudsepp-Hearne et al. 2010; Queiroz
et al. 2015), the identified bundles could vary if
a different set of ecosystem services had been
explored. Another potential limitation of our study
is due to the fact that the slow recovery times of
natural vegetation in Mediterranean areas, especially
of riparian vegetation due to increasing droughts,
might not reflect the natural recovery following



rural abandonment in more humid areas. Therefore,
we advise land managers and decision makers to
interpret our results with care and to consider the
uncertainties associated with the chosen indicators
and timescales.

Scenarios for multifunctionality and equity

We found that, despite existing trade-offs, all alter-
native scenarios analysed increased the supply of
ecosystem services, meaning that the Current situa-
tion (CURSIT) is under-supplying ecosystem services
relative to its potential in the study area. Interestingly,
we found that Rural abandonment (RURABA) only
enhanced a few services but decreased the majority;
emphasizing the importance of a proactive landscape
management instead of simply ‘abandoning rural
areas to their fate” if we are to avoid losses of ecosys-
tem services at the landscape scale (Posthumus et al.
2010; Rouquette et al. 2011). This result highlights
how current trends in rural abandonment in many
European (e.g. Portugal, Germany, Greece, Romania;
ESPON 2017), and North American (Li and Li 2017)
countries is an immediate threat for ecosystem ser-
vice supply (Bruno et al. 2021). Scenario modelling
can contribute to avoiding further losses by forecast-
ing the consequences of those changes. In order to
advise landscape management, it is thus important
that scenario analyses incorporate intermediate solu-
tions together with situations of complete change
(Arkema et al. 2015), such as landscape intensifica-
tion, rural abandonment and active ecological
restoration. Additional considerations should include
the availability of funding and land to implement
those actions (Comin et al. 2018).

Our study also illustrates how identifying the most
suitable alternative management scenario depends
not only on the preferred ecosystem services to be
enhanced, but also on the interest of decision-makers
in distributing service benefits equally across stake-
holder groups. For instance, in our case study, the
Intensive agriculture (INTAGR) scenario would be
most adequate to increase provisioning services, but
it would only strongly benefit the primary sector. On
the other hand, the Conservation & Restoration
(CONRES) scenario would maximize most ecosystem
services and benefit most stakeholder groups, but at
the expense of losses to the primary sector due to
a reduction in provisioning services. The latter sce-
nario would make it difficult to maintain the local
population, given that most inhabitants of the study
area are farmers (Felipe-Lucia et al. 2015a).
Therefore, in order to supply and distribute a more
balanced set of ecosystem services, an intermediate
land use management strategy would be more appro-
priate, as was also found in other areas in Spain
(Garcia-Llorente et al. 2012; Martinez-Sastre et al.
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2017). In our case study, this could be achieved in
the Conservation & Production (CONPRO) scenario,
which promotes provisioning services while preser-
ving and enhancing cultural, regulating and support-
ing services. Such combination is key to nurturing
a more equal distribution of ecosystem services across
the main stakeholder groups. Therefore, decision-
making should not only be informed by which sce-
narios contribute more to overall ecosystem services
(multifunctionality), but also by who are the benefi-
ciaries of these services (Martinez-Sastre et al. 2017).
Incorporating the analyses of power asymmetries
among stakeholders is, thus, critical to balance the
dominance of particular interests over common goals
(Berbés-Blazquez et al. 2016).

Multifunctionality research and metrics are rapidly
evolving in sustainability sciences, from considering
multiple ecosystem functions, to services and stake-
holders at the landscape scale (Manning et al. 2018;
Holting et al. 2019), but it still needs to go one step
further to incorporate issues of equity in the distribu-
tion of ecosystem services. Previous research has shown
that different aspects of equity (i.e. procedural, distri-
butive and recognition) are important to ensure access
to ecosystem services (Vallet et al. 2019; Zafra-Calvo
et al. 2019), and that the relations between stakeholders
at multiple spatial scales shape access to ecosystem
services (Martin-Lopez et al. 2019). Our results support
decision-making that takes into account the needs of
different stakeholders by clearly indicating the winners
and losers of alternative management scenarios. In this
way, decision-makers are informed of both the ecologi-
cal and social consequences of policies and are provided
with alternatives to balance inequalities derived from
land management strategies. In particular, our scenario
Conservation ¢ Production (CONPRO) contributes
weak gains to all four main stakeholder groups without
placing any of them in a vulnerable situation as losers of
the decision-making process. Therefore, this scenario
could be used as a strategy to promote equity in the
access to ecosystem services among the main stake-
holder groups of the studied area. On the contrary,
our results show that other scenarios would favour
some stakeholder groups while disfavouring other
groups, hence, causing inequalities in the access to
ecosystem services. Scenario analysis is an excellent
tool to identify long-term effects of landscape planning,
but needs to incorporate stakeholder analyses to under-
stand the different facets of landscape management if
we are to design scenarios promoting truly sustainable
landscapes, i.e. inclusive to different sectors of society
and that offer equal opportunities of access and benefits
to all of them. Our approach can, thus, guide further
research aiming at plural valuation (Jacobs et al. 2020)
for sustainability by combining the assessment of multi-
functionality and equity associated with alternative
management scenarios.
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Management policies for rural areas

High-level agricultural policies, such as the Common
Agricultural Policy (CAP) in Europe, should be able
to support multifunctional landscapes. However,
despite the promotion of new greening measures,
the CAP is not having the expected positive benefits
(Pe’er et al. 2019) and seems to still be driving both
agricultural intensification and rural depopulation in
many European countries (Martinez-Sastre et al.
2017). In our case study, multifunctional landscapes
would be achieved through the scenario Conservation
and Production (CONPRO), but its implementation
would only be feasible if the suggested reforms of the
current CAP are followed, such as, supporting public
goods, biodiversity conservation and active restora-
tion, together with participatory and integrative land-
scape scale planning (Pe’er et al. 2020). In addition,
future research should continue to investigate the
limits of ecosystems’ ability to supply services within
a socially just space (Raworth 2017), if we are to
advice environmental management policies and
design realistic scenarios for rural areas.

Because of the multiplicity of policies applicable in
rural areas, it can be complicated to simultaneously
comply with all of them at the local scale (Baur 2020).
Adaptive management systems to particular ecologi-
cal and societal conditions, integrated within multi-
layered governance systems, should be promoted to
ensure coherence in the implementation of policies at
different spatial scales (Nagendra and Ostrom 2012;
Holting et al. 2019; Winkler et al. 2021). The devel-
opment of flexible institutions open to public parti-
cipation are essential to develop learning and
adaptation needed in the face of new situations. For
example, in our scenario Conservation ¢ Production
(CONPRO), poly-centric governance could cope with
conflicts derived from new management practices in
rural areas, such as the combination of traditional
agricultural practices with increasing agro-tourism
(Castro et al. 2011; Nagendra and Ostrom 2012).

Conclusion

Scenario planning based on ecosystem services is
a useful tool to forecast the effects of alternative land-
scape management on ecological and social variables.
Studies need to consider a varied range of ecosystem
services, at least in the initial phase, in order to be
comprehensive, identify synergies and trade-offs, and
detect the existence of ecosystem service bundles, as
we do here. We found evidence of two consistent
bundles of ecosystem services across different scenar-
ios (related to less intensive food supply and outdoor
activities), and identified the ecosystem services that
are lost or added to the bundle depending on the
scenario’s management regime. Our results highlight

the importance of considering ecosystem services in
land management to avoid the loss of potential ser-
vices and to include stakeholder analyses to identify
winner and losers of the alternative management
options. The combination of both types of informa-
tion (i.e. social and ecological) is crucial to achieve
truly sustainable landscapes, which maximize the
number of services (multifunctional) and stakeholder
groups benefiting from them (equal). In our case
study, and probably in many other similar contexts,
an intermediate management scenario preserving
both the conservation of natural resources and the
local productive uses of the ecosystem might be the
best compromise in the long-term. Our approach can
be used as a method to assess the sustainability of
future scenarios in rural areas, based on the analyses
of procedural and distributive equity of ecosystem
services, taking into account the synergies and trade-
offs derived from the alternative management
scenarios.
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