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ABSTRACT

Participatory ecosystem services scenarios can be used to inform decision making on the sustainable or wise
use of biodiversity and Ecosystem Services (ES). To establish the plausibility and coherency of the recently
constructed Biscay participatory scenarios, and to analyse policy options for improving sustainability of land
use and the supply of ecosystem services, a spatially explicit analysis of land cover change was carried out.
The modelling used an innovative methodology which included feedback from key stakeholders. Our study
showed that scenario mapping can be a way of testing the credibility and internal consistency of scenarios,
and a methodology for making them more coherent; it was also useful for highlighting land use trade-offs.
The sustainability analysis for the ES supply side showed the benefits of promoting two land use/cover
trends in the Biscay region: i) an increase of sustainable arable land in the valley zones to reinforce
biocapacity and self-provisioning while preserving agroecosystems’ ES flow; and ii) natural forest
regeneration in mountainous and other zones to increase carbon storage and sequestration while enhancing
biodiversity and other ES flows. We argue that even if already protected public agro-forest lands may be the
best places to start promoting these changes, additional measures are needed to involve private landowners
and guarantee changes at a landscape level. Finally, we reflect on the need to make complementary
analyses of ES supply and demand as a way of contributing to a broad sustainability agenda.
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1. Introduction

Scenarios are descriptions of how the future may plausibly unfold based on a coherent and internally
consistent set of assumptions about key driving forces and relationships (MA, 2005a). They explore a range
of future changes in ways that recognize and explore uncertainty from the decision-makers’ perspective
(Vervoort, 2014; Henrich et al., 2010). Currently, scenarios are a central component in assessment processes
for a range of global issues, including climate change, biodiversity, agriculture and energy (O’Neill et al.,
2008). Due to their capability to support the development of proactive management strategies (Wollenberg
et al., 2000) and to improve adaptive capacity (Biggs et al., 2007; Vervoort, 2014) they have been used in
global ecosystem assessments such as the Millennium Ecosystem Assessment (MA) (MA, 2005b), as well as
in many Sub-Global Assessments such as the SAFMA assessment (Bigs et al., 2004), the Portugal Assessment
(Pereira et al., 2009) or the UK National Ecosystem Assessment and its Follow-on (Haines-Young et al., 2011;
Haines-Young & Tratalos, 2014). The latter were innovative in terms of creating land use cover maps to
illustrate the consequences of the different scenarios.

Scenarios should be plausible, internally consistent and relevant (Henrich et al., 2010; Haines-Young &
Tratalos, 2014); that is they should be scientifically credible and coherent, and address the kinds of question
that stakeholders want to explore. In fact, stakeholders’ involvement is crucial to establish both the
legitimacy of scenarios, i.e. the degree to which they are based upon our best understanding of what
changes are likely and what their effects might be, and their impact, i.e. the degree to which they are found
meaningful and are used as a basis for making proactive decisions. This is especially true when they are used
to support public decision making (Henrich et al., 2010). In fact, the ecosystem approach specifically
identifies participation as a means of ensuring the sustainable or wise use of biodiversity and ecosystem
services (ES) (Haines-Young & Potschin, 2014). Participatory scenarios within place-based ecosystem
approaches may enhance sustainable local or regional planning and facilitate public decision making. Such is
the case in the Biscay region, where participatory scenario planning has been carried out as part of the MA in
Biscay-Basque Country Sub-Global Assessment (Palacios-Agundez et al., 2013).

In the Biscay Assessment four scenarios were developed: 1) Oppressed Biscay, where decisions are made by
an authoritarian local government that has a reactive approach to ecosystem management; 2) Global
Delicatessen, where, although local institutions lose power to global institutions and decisions are made in a
reactive way, the region specializes in high-end or 'elitist' agrotourism and local agroecological products; 3)
TechnoFaith, a consumer society which relies heavily on imported goods and has put its faith in technological
solutions, and where multinational corporations have a great deal of power and ecosystems are highly
modified; 4) Cultivating Social Values, where education, knowledge sharing within society, participation and
responsible social actions are key and there is a tendency towards self-provisioning and sustainable
production and consumption. Our claim for their relevance is based on the fact that these scenarios were
created through a participatory process that involved a representative set of stakeholders (Palacios-Agundez
et al., 2013).

The Biscay Scenarios had different developmental paths with regard to indicators of the provision of ES, of
human well-being and of biodiversity (Fig. 1). The most favourable scenario for ES and human well-being in
Biscay appears to be Cultivating Social Values, which seems Pareto efficient with respect to the indicators.
However, participants identified major constraints acting against this scenario, given the existing high
consumption patterns in the region, as well as land use and population constraints. Moreover, as currently
arable land covers less than 1% of the study area, grassland covers 20% and forest plantations cover 44%,



self-provisioning alone does not seem wholly feasible and land use trade-offs are likely to occur. During the
participatory scenario planning process described in Palacios-Agundez et al. ( 2013), participants proposed
several measures for a more sustainable scenario, focused both on the ES demand side (where behavioural
changes were expected to diminish consumption patterns) and on the ES supply side. For the supply side,
local stakeholders identified the need for strategic landscape planning and management that would lead to a
more sustainable and multifunctional landscape than presently exists (Palacios-Agundez et al., 2013, 2014).
Local policy-makers also identified the need to conduct a detailed analysis of supply side ES for sustainable
landscape planning. To do so, they asked for further analysis of the Biscay Scenarios’ plausibility and
coherency with regard to the landscape and to the possible land use trade-offs. The participatory process did
not include the use of maps and references to landscape and land use change where therefore descriptive.
However, in this paper we analyse the landscape implications of the Biscay Scenarios in a spatially explicit
way.

As in other studies (e.g. Thenkabail et al., 2005) we use ‘land-use/land-cover’ or LULC to refer to mapping of
surface cover composed of different categories of land cover (i.e. observed biophysical attributes of the
earth’s land surface, Lambin et al., 2003) and land use (defined by the purposes for which humans exploit
the land cover, Di Gregorio and Jansen, 2000). To enrich the qualitative projections that arose from
participatory scenario work, and make them more plausible, coherent and useful for policy-making, we used
quantitative projections to model how LULC would change under the different scenarios (cf. Henrich et al.,
2010; Vervoort, 2014; Haines-Young & Tratalos, 2014). This spatial analysis was therefore used to visualize
the existing trade-offs in land use while testing the coherency and plausibility of the scenario set.

This paper aims to show how qualitative participatory scenarios can be made relevant to sustainable land
use planning, by analysing ES demand and supply and the trade-offs between services. To do this the work
sought to: 1) verify the coherency and plausibility of LULC change for each scenario; 2) identify areas likely to
experience LULC change; and; 3) analyse the sustainability of scenarios by reference to changes in
biocapacity, carbon storage and sequestration. The latter were included because forest management has
been identified as a key element for Biscay’s future sustainable landscape (Palacios-Agundez et al., 2013,
2014), and because the ecological footprint accounts in Biscay have been shown to be influenced by the
carbon footprint in the last eleven years (Palacios-Agundez et al., forthcoming). To achieve this we used a
spatially explicit approach for mapping LULC change and for making the associated ES assessment.
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Fig. 1- Evolution of Biscay Scenarios for biodiversity, self-provisioning, relevant ES and indicators of human
well-being, compared to current conditions (substantial increase = 2; increase = 1; constant or increases in
same aspects and decreases in other aspects = 0; decrease = 1; large decrease = 2) (Based on Fig. 3 in
Palacios-Agundez et al., 2013).



2. Methodology
2.1. Study area

Biscay is located in the north of the Iberian Peninsula (432 46°- 42° 92" N, 03° 45°-02° 40" W), in the Basque
Country (Fig. 3a). Its high population density (2,213 km?; 1.2 million inhabitants), especially along estuaries,
is a consequence of industrialization during the nineteenth and early twentieth centuries. The region is
mountainous (with altitudes up to 1,500 m and around half the area having slopes exceeding 20°) and the
climate is temperate and humid (average temperature 12.5°C; average rainfall 1,200 mm). More than half of
the land surface (56%) is forest, mainly exotic plantations (Pinus radiata and Eucalyptus sp., 39% and 4%
respectively), with arable land covering less than 1% and grassland 20% of the study area. The main natural
forest types are mixed oak (Quercus robur), Cantabrian evergreen-oak (Quercus ilex) and beech (Fagus
sylvatica). They represent the potential natural vegetation (Loidi et al., 2012) of approximately 80% of the
region, but currently they only cover 13% (Fig. 3; Table C.1 of appendix C).

2.2. Mapping land cover for 2050 in each scenario

Descriptions of likely changes under each of the scenarios were arrived at through stakeholder engagement,
including the use of a questionnaire (answered by 35 participants) and two participatory workshops (39
participants in total) (described in Palacios-Agundez et al., 2013). These descriptions were used to derive
rules for mapping LULC change. However, stakeholders’ descriptions were mainly expressed in a qualitative
way, with varying levels of detail, and desk-based research was often needed to arrive at a set of
quantitative rules for deriving land-cover maps. This allowed us to apply these rules to data layers mapped
at a fine resolution in the study area. For example, in the Cultivating Social Values scenario, stakeholders
expressed the view that scientific and cultural knowledge would be utilized to minimize environmental
damage. As Merino et al. (1998) demonstrated negative impacts on soil quality of intense forest harvesting
on steep slopes in the study area, in this scenario forest plantations in slopes over 35° are therefore avoided.

The method prioritized differing assumptions about likely and unlikely land cover transitions in each
scenario. Therefore, in cases where there was a conflict between different rules for LULC change, the rule
which was most closely aligned with the stakeholders’ descriptions of the scenario was prioritized. For
example, in cultivating social values scenario, riverine woodland is likely to recover and organic arable land is
expected to increase. As a key characteristic of this scenario is that it is gives importance to ecological
processes, we assume that arable land will not compete with riverine woodland, and in the modelling
process riverine woodland recovery is therefore prioritized over increases in arable land in places where
both are possible. Appendix A lists the order of the transition rules applied in each scenario.

During the mapping process, LULC transition rules were developed iteratively (Fig. 2). This allowed each step
of the mapping to be checked, and it also allowed the inclusion of any relevant data or criteria not included
before. Moreover, the iterative process was used to apply scientific, social and political filters in the
mapping. This was done through two different meetings carried out with key stakeholders. These included
four researchers working in Biscay on ecology and on landscape related issues; a politician responsible for
policy related to environmental issues in the region; two stakeholders from public regional administration:
one specialized in forest management as well as in biodiversity conservation in protected areas of Biscay,
and the other in landscape management and in relationships with the private sector; and three



representatives of local NGOs. In these meetings the output maps were presented and discussed with the
stakeholders. This feedback identified inconsistencies and allowed improvements to the final LULC maps.
Examples of such improvements included: 1) a rule that arable land and peri-urban parks would not be
found at higher altitudes than at present; and, 2) a rule that new urban developments would most likely be
located next to the Bilbao metropolitan area. The mapping process thus converts qualitative descriptions
derived from a stakeholder participatory process into quantitative outputs that are enriched with
stakeholder feedback. Further details on how the LULC transitions were produced are given in Appendix A,
which shows the final rules derived by the mapping process, including the methods applied, their
relationship with the input given by the stakeholders (both in the initial consultation process and in later
feedback), together with further explanation when appropriate.

This methodology also allowed the plausibility and coherency of the scenarios described by participants
during the initial participatory scenario planning process to be checked with regard to the landscape
outcomes (Palacios-Agundez et al., 2013). In some cases, the mapping exercise served to detect
inconsistencies or potential trade-offs within the scenarios; thus, some aspects of the scenarios described by
stakeholders have therefore been adjusted to ensure plausibility and coherency. For example, in the Global
Delicatessen scenario, stakeholders stated that ecological restoration to promote ecotourism should be
prioritized, but also that geological resources should be exploited until exhausted. Therefore, to maintain the
coherency and plausibility of the scenario, the percentage area increase of quarries has been restricted such
that no further quarries have been allowed on protected areas, public agro-forest lands and habitats of
community interest (Appendix A).

The 1:10,000 habitats, vegetation and land use map of the region (Basque Government, 2009), which uses
EUNIS level 4 or beyond (EEA, 2002), was enhanced by adding main roads, rivers and railways (Basque
Government, 2013) and reclassified into 26 LULC types, to map present-day cover. These were subsequently
aggregated into 13 LULC categories (Fig. 3a; Appendix C Table.C1). The geoprocessing required to model
future change in LULC was undertaken with ArcGIS 10 software (ESRI, 2013), using gridded 10m? resolution
data derived from the following datasets (see Appendix A): 1) Digital Elevation Model (DEM) at 5m
resolution (Basque Government, 2012a); 2) a potential natural vegetation map (Basque Government, 2006,
Loidi et al., 2012); 3) official maps of public agro-forest lands, and protected areas (Natural Parks, Biosphere
Reserves, habitats of community interest, Natura 2000 network); 4) air photos of the study area at 1:5,000
(Basque Government, 2012b); and, 5) topographical data such as roads, railways, watercourses and
boundaries of municipalities (Basque Government, 2013).
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Fig. 2- Summary of the methodological process applied for mapping LULC for the year 2050 in the four Biscay
scenarios.

2.3. Analyzing the main LULC changes.

Once LULC for 2050 had been mapped, LULC changes were analyzed. First, we examined the major LULC
changes in each scenario compared to the present, identifying which areas are expected to change, and
how. This analysis provided a general understanding of the main landscape transitions occurring in each
scenario, and so allowed us to look at its coherency and plausibility using existing scientific studies and other
complementary knowledge of the area (see Table 1). To identify the zones most likely to experience change,
spatial concordance between the areas of change in each scenario was analysed by calculating the number
of overlapping changing cells among the four scenarios. Thereafter, the total distribution of the resulting
changing categories (from those grid cells that do not change under any scenario to those that change in
every scenario) was analyzed by current LULC type. In addition, changes in the distribution of LULC was
analysed in Natural Parks and on public agro-forest lands.

2.4. Analyzing the ES supply side: biocapacity and carbon storage and sequestration

‘Biocapacity’ represents the supply side of an area’s Ecological Footprint Accounts (Borucke et al., 2013),
that measures the evolution towards or away from sustainability for a region (Wackernagel et al., 2004). It
represents the productivity available to cater for the demand for provisioning ecosystem services (Borucke
et al., 2013), and is expressed in units of productive area annually available for a given population. It can be
thought of as the sum of a region’s biologically productive areas: arable land for the provision of plant-based
food and fibre products; grazing land for animal products; forest land for timber and other forest products;
fishing grounds. For this study fishing grounds were not included because the LULC mapping did not include
marine areas. The biocapacity of a region is calculated by multiplying the actual physical area by a yield
factor specific to that region (Wackernagel et al., 2005). Regional yields have been assumed to be constant
over time. For the regional yield estimates there was insufficient data to distinguish between different type



of arable land management or between different types of forest. Therefore, we used regional average yield
factors for the basic land use categories (arable land, grazing land and forest land).

To estimate the amount of carbon (C) stored at present and in future scenarios, as well as to estimate the
amount of carbon sequestered over time, we used the widely used Integrated Valuation of Ecosystem
Services and Trade-offs (InVEST) carbon storage and sequestration model, version 2.5.6 (Tallis et al., 2013;
Kareiva et al., 2011). Input data were obtained mainly from local studies (Appendix B). Limitations of the
model include an assumed linear change in carbon sequestration over time (Tallis et al., 2013).

3. Results
3.1. LULC for the year 2050 in each scenario

Arable land currently occupies less than 1% of the territory. Under Cultivating Social Values, this increased to
12% (Fig. 3; appendix C Table C.1). This scenario presents a landscape mosaic where native productivity and
biodiversity are promoted, with a substantial increase in native hedgerows and natural forests (covering 8%
and 33%, respectively). In contrast, for Technofaith, there is an increase in artificial surfaces, with substantial
increases in urban areas and peri-urban parks (together covering 39%)(Fig. 3b.lll). Similarly, in Oppressed
Biscay, invasive and degraded lands increase to 7% of the study area, and urban areas to 18% (Fig. 3b.l). This
scenario presents a heterogeneous landscape with damaged areas and isolated patches of protected natural
areas. It shows two distinct tendencies in forest management: higher growth-rate Eucalyptus plantations on
private land, and recovery of natural forest in public and protected areas. The greatest increase in natural
forest occurs in Global Delicatessen (up by 45%), largely to meet the demands of 'elitist' ecotourism. In this
scenario, where consumption increases and environmental awareness is not high, cover of urban areas and
quarries increases (Fig. 3b.Il; appendix C Table C.1.).

3.2. Main LULC changes
3.2.1. Major LULC changes in each scenario compared to the present

In Global Delicatessen, 54% of the area does not experience any change from the present, whereas 26%
changes from coniferous plantations to natural forest by 2050 (Fig. C.2.a of appendix C). In Oppressed Biscay,
the percentage unchanged is 51%. In this scenario 14% of the territory changes from coniferous plantations
to Eucalyptus whereas 13% changes from coniferous plantations to natural forest (Fig. C.2.b of appendix C).
This results from a forest management strategy which is different on private lands compared to public
protected areas. Technofaith is the scenario with the highest percentage unchanged (65%). Here, coniferous
plantations are converted to peri-urban parks (9% of the area) as well as to urban areas (4%) (Fig. C.2.c of
appendix C). There is also a conversion from other LULC types to peri-urban parks, and especially those
located in metropolitan Bilbao (C.2.c and Table C.3.c of appendix C). Cultivating Social Values shows
unchanged LULC across 58% of the study area. The major changes under this scenario are from coniferous
plantations to natural forest (16%) as well as to arable (9%) (C.2.d and Table C.3.d of appendix C). Table 1
summarises the plausibility and coherency analysis of each scenario.
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Table 1- Plausibility and coherency of the mavor land cover changes in each scenario

OPPRESSED BISCAY SCENARIO
% of the
Major land cover changes total Plausibility Coherency
change
1. From coniferous plantation, 35.64 Itis a plausible change because natural forests are the potential  Following a productivity crisis and land abandonment, the primary

grassland, heathlands and scrub
and eucalyptus plantation to
natural forest

natural vegetation of these land cover types (Basque Government,
2006) and natural succession usually proceeds towards woodland
{Prach et al., 2014). In addition, plantaticons in the study area
provide optimal conditions for regenerating native forests
although socme management actions must be undertaken to bring
about regeneration (Onaindia et al., 2013a).

sector declines in favour of growth in tourism dependent on protected
and relatively wild natural areas. Therefore, in protected public areas
native forest regeneration is expected.

2. From Coniferous plantation to 28.28 This results from a forestry management decision that many land  In this scenario differing tendencies are shown with regard to

Eucalyptus plantation owners have already taken in order to maximize profit. landscape planning and forest management. While in publicly
protected areas natural forests regeneration is encouraged, the private
sector prioritizes more intensive high rate growth plantations for energy
preduction.

3. Fromvarious covertypes to urban  16.44  This is a plausible anthropogenic conversion that has histerically  In this autheritarian scenario, where rich people live in heavily
occurred in the region, having had a significant impact over the last protected houses with gardens outside the cities, an increase in urban
50 years. areas, especially around the development of new large-scale transport

infrastructure, is expected.

4. From grassland, heathlands and 13.84 With land abandonment, widespread use of invasive species and The heterogeneous landscape of this scenario includes heavily
scrub, arable land and other cover transgenic organisms, and varicus unsustainable activities having damaged areas and abandoned rural areas. In addition, expansion of
types to invasive species or severe environmental impacts, many land cover types are likelyto areas dominated by invasive species and genetically-modified plants
degraded land became degraded. present a challenge to an already impoverished native biediversity. All

of this results in the conversion of many cover types to invasive species
or degraded land.

5. From grassland to heathlands 478 Due to land abandonment, many grasslands became scrubland It is coherent with this scenaric where land abandonment is expected.
and scrub and heathlands by natural succession. After land abandonment,

natural succession has been seen to follow a broadly predictable
pathway (Prevosto et al., 2011).

6. From a variety of cover types to 1.02 The territory is rich in limestone, much of which has notbeenyet  Linked to unsustainable consumption of resources and the

mines and quarries exploited due to high negative trade-offs with other uses. development of large-scale infrastructure projects in this scenaric, a
dramatic increase in the number of quarries is expected in this
authoritarian scenario,which is not influenced much by social or
environmental issues.

GLOBAL DELICATESSEN SCENARIO

% of the
Major land cover changes total Plausibility Coherency
change

1. From coniferous plantations (56% 68.48 Thisis a plausible change because all of these cover types may It is coherent with the scenario because growth of natural forests is
of changes in cover), exotic forest convert to natural forest, which is the potential natural vegetation promoted in order to encourage ecotourism, which is as an important
plantations, heathlands and of these areas (Basque Government, 2006). 40 years will allow time economic activity in the scenario.
scrubland, grassiand and other for at least the early stages of native forest regeneration,
cover types, to natural forests especially with active management (Onaindia et al., 2013a).

2. From rapid growth and fast 12.71 This conversion in forestry from rapidly growing to slower growing In this scenario, in order to increase landscape quality, forestry is
turnover plantations, to slow but higher quality species is a plausible change, although it recriented towards higher quality, mainly native, species and more
turnover breadleaved deciduocus currently occurs only cccasionally, as it is not widely promoted. sustainable management.
plantations

3. From coniferous plantations to 1.74 After clear-cutting a coniferous plantation, heathlands and Not all forest plantations are expected to be clear-cut at the same time
heathlands and scrub scrublands predominate in the early stages of succession, unless  and interventions to prevent the development of heathland or scrub is

interventions are put in place to prevent this. not expected at all locations.

4. From various cover types to urban 1441 Thisis a plausible anthropogenic change that historically has In this scenario, where the global market is a key driver of change and
often occurred in the region, having had a dramatic impact over the consumpticon patterns are not sustainable, an increase in urban areas
last 50 years. due to infrastructure development is expected.

TECHNOFAITH SCENARIO

% of the
Major Iand cover changes total Plausibility Coherency
change

1. From forest plantations, 53.87 When urban population increases, there is likely to be a greater Population density in urban areas increases in this scenario and
grasslands, heathlands and demand for periurban parks with more and more man-made outlying areas are converted to large periurban parks. Many rural areas
scrub, natural forests and other features and infrastructure to service them. are therefore converted inte locations for leisure activities for city
cover types to periurban parks dwellers.

2. From various cover types to urban 28.79 With an increase in urban population and higher levels of This scenaric is the most urban and most disconnected from the
demand, for housing land, service industries etc, the urban area is natural world. In this consumption-driven and highly technological
likely to increase. society urban areas are expected to increase.

3. From coniferous plantations to 12.06 Pine plantations in the study area provide optimal conditions for  Even though this scenario is the most urban and most disconnected

natural forest

4. Form heathlands and scrub to
invasive or degraded land

CULTIVATING SOCIAL VALUES SCENARIO

regenerating native forests (Onaindia et al, 2013a).

3.48 The generalized use of genetically-modified organisms in the
region would bring about a change from heathlands and scrub to
land dominated by invasive species or degraded land.

from the natural world, and its ecosystems are highly modified, some
natural forest recovery occurs, such as in riverine woedland.

In this scenario the use of genetically modified organisms is common,
and there are high levels of biclogical pollution.

% of the
Major land cover changes total Plausibility Coherency
change
1. From exotic forest plantations 4186 Plantations in the study area provide optimal conditions for In this scenario management is undertaken to preserve, improve and

{mainly pine) to natural forest

2. From rapid growth and fast
turnover plantations (e.g. Pinus
radiata ), as well as from
heathlands and scrubland, to
arable land with native
hedgerows surrounding it

3. From fast growing exotic tree
species to broadleaved native
plantations

4. From other land cover types such
as grassland, arable land,
heathland and scrub to natural
forests (especially riparian)

regenerating native forests because within approximately 20 years
they are able to foster the regeneration of most species of native
trees and ferns as well as some herb species typical of native
wooedland {Onaindia et al., 2013a), although some management
initiatives must be undertaken to encourage this regeneration.

4181 Inthe 1850s, industrialization in the region initiated a crisis in the
agricultural areas that resulted in farm abandonment and the
spread of rapid growth and fast turnover plantations in many

places suitable for agriculture.

13.52 This conversion in forestry from rapidly growing to slower growing
but higher quality species is a plausible change, although it

currently occurs only occasionally, as it is not widely promoted.
2.24 Natural succession usually proceeds towards woodland (Prach et
al., 2014), which in this scenario is expected to be encouraged by
active management to encourage regeneration of native forest.

regenerate natural ecosystems and recovery of natural forests is
actively promoted

Under this scenario there is an aim to reduce dependency of ES from
outside the region, and increase self sufficiency and sustainability. It
promotes mosaic landscapes and diversified, organic and sustainable
arable land. Furthermore, the ecological and economic value of some
ES can be maintained and enhanced on arable farm land by adopting
sustainable practices such as organic farming (Sandhu et al., 2010). In
addition, hedgerows of native species are an important element of
multi-functicnal landscapes that contribute te the maintenance of
bicdiversity and ES, providing resources of economic and social interest
{Otero & Onaindia, 2008, Morandin et al., 2013).

In this scenaric, a more diversified and sustainable forestry sector is
encouraged, with a tendency towards slower growing, mainly native,
species, where timber quality is higher.

In this scenarios key ecosystems such as riverine woedland are
regenerated, because conservation of healthy riparian habitats is
crucial for maintaining many important ecclogical functions (Naiman et
al., 2005), including many services provided to society (Hruby, 2009).



3.2.2. Areas of change amongst the four scenarios:

The analysis of expected LULC change shows 34% of the study area does not change under any of the four
scenarios, whereas roughly 18% changes under all of them (Fig. 3c). None of the areas which are currently
urban will change into another LULC type under any of the four scenarios, which does not imply that areas
with a presently different LULC type will not change into urban. Urban areas represent 28% of total land
cover remaining the same for all four scenarios, which also comprises natural forest (also 28%), grassland
(23%), headlands and shrubs (7%) and other natural ecosystems (7%) (Table 2a). Among those areas that
change under all four scenarios, 95% are currently forest plantations (mainly coniferous). From amongst
current coniferous plantations, 40% changes under all four scenarios, 42% changes under three scenarios
and 15% changes under two scenarios. Similarly, 29% of current Eucalyptus plantations change under all four
scenarios, 24% change under three scenarios and 45% change under two scenarios. In contrast, among
current natural forests, 73% does not change under any of the four scenarios, 19% changes under one
scenario, 3% under two scenarios, 5% under three scenarios and none under all four scenarios (Table 2a).

We have observed that in Natural Parks and on public agro-forest lands, the majority of the study area either
does not change LULC type under any of the four scenarios or changes under all four scenarios (89% in
natural parks and 83% in public lands) (Table 2b,c). Among those areas that do not change under any of the
four scenarios, the majority consist of natural or semi-natural ecosystems (100% in natural parks and 96% in
public lands), whereas those changing in all four scenarios are mainly forest plantations (100% and 98%
respectively). Considering the changes in Natural Parks and in public agro-forest lands by LULC type, we
observe that 100% of the coniferous plantations changes in all four scenario (Table 2b,c). In the majority of
the cases they change to natural forest, and in some cases they also change to urban or peri-urban parks. In
contrast, 98% of natural forest and 99% of other natural ecosystem do not change under any of the four
scenarios in natural parks (Table 2b)(94% and 100% respectively in public agro-forest lands, Table 2c). In
contrast, on private non-protected agro-forest lands, only 20% of the area does not change under any
scenario; the changes observed vary depending on the scenario.



Table 2- Distribution of changing categories (CC) by current LULC type in the total study area (a), as well as in natural
parks (b) and in public agro-forest lands (c). The percentage of each LULC type per changing category is indicated
(CC%), as well as the percentage in that category of the total LULC type (%LULC). LULC changes codes (CC): 0= it does
not change under any of the four scenarios; 1= changes under one scenario; 2= changes under two scenarios; 3=
changes under three scenarios; 4= changes under all four scenarios.
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3.3. ES supply side: biocapacity and carbon storage

Compared to the present, the only scenario that increases productivity available to meet the demand for
provisioning ES is Cultivating Social Values, with a 14% increase (Table 3). Technofaith, in contrast, is the
scenario that shows the greatest decreases in biocapacity and carbon storage (-32%) (Table 3). The increase
in biocapacity for Cultivating Social Values is explained mainly by the increase in biologically productive
arable land, which currently is only 3% of the total biologically productive land. Biologically productive forest
land decreases in every scenario even though carbon storage and carbon sequestration increases in two of
them (Table 3, Figure C.4 of Appendix C). This may be because there is a decrease in total forest area and an
increase in natural forest (Appendix C.-Table C.1). It should be noted that current levels of stored carbon are
relatively high, with the highest values concentrated in natural forest areas (Figure C.4. of Appendix C).
Global Delicatessen presents the highest values among all scenarios in total carbon storage (26,890,500 tC)
and carbon sequestration (22,144 tC per year). In the case of the Cultivating Social Values scenario, even
though there is an increase in natural forest and forest plantations improve in quality, there is a decrease
both in biologically productive forest land and in carbon storage. This reflects an evident trade-off between
fast growing monoculture plantations, (which tend to decrease in this scenario) and arable land (which
increase significantly in this scenario). Therefore, in the Cultivating Social Values scenario, there is a reversal
of the current predominance of forest plantations, produced as a consequence of rural land abandonment.

Table 3- Percentage of change comparing to present of biocapacity and carbon storage.

13.82

Biologically productive forest land -8.41 -5.62 -32.89 -28.09
Biologically productive arable land 33.88 128.25 46.75 1,524.04
Biologically productive grassland -35.33 -13.40 31.63 19.20

1.69 3.41 -32.45 -12.64




4. Discussion
4.1. Scenarios consistency and plausibility

Modelling how land cover would change under the different scenarios has served to enrich the qualitative
projections that arose from the participatory scenario work. By linking directly to the existing storylines, and
using the scenario assumptions to make quantitative projections, such models can establish their plausibility,
credibility and saliency (cf. Haines-Young & Tratalos, 2014). Quantification helped to detect inconsistencies
within scenarios as well as to highlight land use trade-offs.

The few ecosystem assessments that involve participatory scenarios and spatially explicit tools usually first
create the model and then work on it with stakeholders (e.g. Pettit et al., 2011; Bacic et al., 2006). In some
cases stakeholders even work on the model directly (e.g. Arciniegas & Janssen, 2012). However, the use of
spatially explicit models in participatory workshops without previous free interaction may hinder thinking in
terms of multifunctional space and the search for innovative and integrative solutions (Barnaud et al., 2013).
For this reason, we first worked directly with stakeholders without using maps (Palacios-Agundez et al.,
2013) and then complemented the participatory outputs with the quantitative projections presented in this
paper. These projections were strengthened by stakeholder feedback, which improved the mapping
outcome by pointing out important aspects to be considered such as the appropriateness of avoiding peri-
urban parks at high altitudes where accessibility is poor.

Our methodological approach and the high resolution data available meant that the mapping was
sufficiently detailed to be useful in land use planning (Arciniegas & Janssen, 2012). It should be noted that
the innovative methodology we have used for modelling land use change is more precise than that used for
other recent LULC scenario studies; for example, Haines-Young et al., 2011 and Mancosu, 2014 have worked
at a one km scale. The resolution at which these other studies work is too broad for the study area, which is
very heterogeneous, and so the results would not be useful for local decision-makers. Even if we assume
that uncertainty is inherent in our use of scenarios, our aim is to produce representations of the scenarios
which are plausible and coherent, rather than accurate forecasts. We believe it is preferable to accurately
map features such as roads and riverine habitats, rather than to map them at a coarser scale, which would
severely distort the relationship between the area that they cover in reality and the area that they cover on
the maps.

The iterative mapping methodology also allows the inclusion of any given data set or criteria not included
before in a straightforward and transparent way, which is important for good stakeholder-engagement
(Carcamo et al., 2014). Furthermore, it generates many intermediate outputs that can be used to check the
plausibility and coherency of the scenarios. In addition, the scientific, social and political filters applied in the
mapping allowed improvements to the final LULC maps. This stakeholder feedback has made the resulting
scenarios more realistic and useful for landscape planning and local decision making. In fact, the feedback
exercise with key stakeholders not only improved the mapping outcome, but also showed the importance of
scenario mapping for detecting trade-offs among different uses and demands. For example, visualization of
scenario landscape models allowed stakeholders to observe that an increase in arable land to improve self-
provisioning would occur mainly by reducing current forest plantations and could even limit the potential for
natural forest recovery. Stakeholders also found a potential trade-off between urban development and
conservation of natural ecosystems.



4.2. Likely changes and target areas

The scenario mapping showed forest plantations to be the land cover types more likely to vary between
scenarios (Table 2). They are expected to change considerably under every scenario and, depending on the
response options in each scenario, the direction of these changes will vary. In fact, forest plantations may
change to urban areas, peri-urban parks, arable lands, and, when forestry activities are maintained, they
may shift to higher growth alien species or to slower growth more adaptive ones. They could also regenerate
and reconvert to natural forests (Fig C.2 and Table C.3 of appendix C). These findings indicate an important
role for the management of forest lands because decisions here are going to determinate the future
landscape of the study area; this was also highlighted by stakeholders (Palacios-Agundez et al., 2013).

Forest areas offer a great opportunity to address global and local sustainability challenges such as climate
change mitigation and adaptation, biodiversity conservation, and soil or freshwater protection, with special
emphasis on the conservation and restoration of natural ecosystems (e.g. Macdonald et al., 2011, Burch et
al., 2014). In the study area, where natural forests are fragmented and sparse, the suitability of promoting,
where possible and appropriate, the restoration of natural forest ecosystems has been supported both by
stakeholders and scientific knowledge (Palacios-Agundez et al., 2014). Protected and public agro-forest lands
may be the best places to start making these changes. In fact, our results show that change is likely to occur
in a different way in public or protected agro-forest lands, where it is relatively straightforward to bring
about change towards regeneration of natural ecosystems, and private non protected ones, where the
future appears to be more variable and uncertain (Table 2b and c in comparison to a). Moreover, Biosphere
Reserves are expected to be used as models of land management and of approaches to sustainable
management (UNESCO, 1996), and so could be used in other protected areas and in public agro-forest lands.
Similarly, previous studies have identified examples of nature conservation, forest recovery and climate
change mitigation and adaption in protected areas or public lands (e.g. Macdonald et al., 2011). Even if
protected and public agro-forest lands offer a great opportunity to promote sustainable changes, additional
measures are needed to involve private landowners and guarantee changes at a landscape level. Our results
show that the most likely places to suffer change, and to positively or negatively influence landscape
multifunctionality, biodiversity and ecosystem services in the study area are private non protected agro-
forest lands (Figure 3c and Table 2). This chimes with other studies that highlight the need to promote
change on private lands (e.g. Rittenhouse & Rissman, 2012; Hendee & Flint 2013).

4.3. Response options towards a more sustainable scenario

Our supply side analysis showed trade-offs regarding land use. The greatest increase in biocapacity and
therefore in provisioning ES supply comes with an increase in arable land, whereas increases in carbon
storage and sequestration are seen in the scenario with greatest natural forest recovery. In regions like
Biscay with high provisioning ES demand (Palacios-Agundez et al., forthcoming), self-provisioning should be
strengthened given the objective of increasing sustainability and diminishing the region’s dependency on
external sources. This becomes especially important if competition for scarce land increases at a global scale
(Smith et al., 2013). In Cultivating Social Values the typical Basque Atlantic countryside is enhanced; the
result is a biodiverse mosaic landscape of multifunctional uses that depend on sustainable practices such as
organic agriculture (cf. Sandhu et al., 2010).



The scenario that exhibited the greatest recovery of natural forest was shown to store and to sequester the
highest amount of carbon. Combining climate change prevention strategies with other policy agendas such
as biodiversity conservation or freshwater resource protection, through the conservation and regeneration
of natural forests, seems to be an important opportunity in Biscay. In fact, recent studies have shown that
conservation of biodiversity and restoration of natural habitats would ensure the provision of many
important ecosystem services (Onaindia et al., 2013b, Palacios-Agundez et al., 2014).

Our results highlight two interesting trends, from the land use and ES supply side, towards a more
sustainable scenario. One is the conservation and regeneration of natural ecosystems, which would be of
special importance for mixed Atlantic broadleaved deciduous forests that currently occur in small, widely-
scattered and fragmented remnants (Rodriguez-Loinaz et al., 2011). The other is the increase in organic and
other sustainable arable land, which would lead to an increase in self-provisioning while preserving
agroecosystems’ capacity to provide a diverse flow of ES (Morandin et al., 2013; Gémez Sal and Gonzalez
Garcia, 2007). From a landscape planning perspective, this place-based approach provides the opportunity to
apply concrete measures from the ES supply side that would help improve the sustainability of the region.

This study has shown that improvements could be made in land use management to achieve sustainability.
Our results have demonstrated that even if carbon sequestration were to increase, this will not offset
Biscay’s annual emissions unless the demand side is also managed; the scenario with highest expected
carbon sequestration showed a maximum total carbon sequestration of 22,144 tC per year, which is only
around 1% of Biscay’s current annual emissions (IHOBE, 2010). Similarly, even if there is scope for
improvement in self-sufficiency, current food demand cannot be met locally, especially if a diverse flow of
local ES is required (Palacios-Agundez et al., forthcoming). This result shows that in regions like Biscay with
high current ES demand, it is important to apply policy measures on the ES supply side, and implement ES
demand side measures to find a balance that has an acceptable and equitable ecosystem service footprint
(Burkhard et al., 2012).



5. Conclusions

The use of spatially explicit quantitative models has improved the plausibility of the qualitative storylines
previously developed by participatory methods during the Biscay Assessment. Our study showed that
scenario mapping can be a way of testing the credibility and internal consistency of participatory scenarios,
and a methodology for making them more coherent and consistent. Furthermore, applied qualitative
modelling was also useful for highlighting land use trade-offs and for analysing response options. In fact, the
innovative methodology reported here ensured both that stakeholders were kept informed and that we
were able to analyse a diverse set of response options for landscape planning and decision making. The
results therefore have general relevance outside the Biscay Study.

The sustainability analysis described here helped improve management strategies for land use and the
supply of ES, and highlighted the benefits of promoting two land use/cover trends in the Biscay region: i) an
increase of sustainable arable land in the valley zones, to reinforce biocapacity and self-provisioning while
preserving agroecosystems’ ES flow and ii) natural forest regeneration in mountainous and other zones, to
increase carbon storage and sequestration while enhancing biodiversity and other ecosystem service flows.
Areas which are currently protected or designated as public agro-forest lands may be the best places to start
promoting these changes, through specific actions such as reorienting public land management towards
restoration of natural forest ecosystems. However, additional measures are needed, such as using incentives
to encourage the involvement of private landowners, to guarantee an overall change towards sustainability.

We conclude that participatory ecosystem services scenarios, supported by spatially explicit models, are a
useful approach to regional decision making. They may help ensure the sustainable or wise use of
biodiversity and ecosystem services together with a comprehensive ecosystem approach that deals with the
supply and the demand side of ES.
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