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0. Abstract

In the context of water scarcity, soil erosion, and biodiversity decline, the Mediterranean 
basin urges to manage its nearly hundred coastal watersheds in a coordinated manner. To 
this end, we propose an integrated approach to model socio-ecologic scenarios with 
Sustainable Land Management (SLM) options at the watershed scale to strengthen the 
functioning of multiple Ecosystem Services (ES). This is tested in the Mijares watershed 
in eastern Spain. As a first step, we propose using integrated modeling technology to 
quickly assess areas of ecosystem goods and services supply and demand within the case 
study. To this end, we applied ARIES, an AI-driven online modeling platform widely 
used in the ES community. Then, we use this information to identify suitable SLM options 
documented in the WOCAT global database for providing the identified ES. Lastly, to 
adjust the results to the social-ecological context, we carry out consulting and 
participatory processes with key stakeholders to incorporate local knowledge of ES and 
capabilities to adopt SLM measures into the final proposal. As a result of this work, we 
can model various SLM scenarios, easing decision-making toward more integrated and 
sustainable land management in the watershed. Given the reproducibility of the used 
methodologies, our approach can be adopted in other Mediterranean contexts. 

Keywords: interdisciplinary approach, climate change adaptation, ecosystem services, 
Sustainable Land Management scenarios 

1. Introduction

The weather in the Mediterranean basin is characterized by dry warm summers, mild 
rainfall-dominated winters, and a rich abundance of microclimates resulting from the 
sharp orographic features of its shoreline (Lionello, 2012; UNEP/MAP, 2012) along with 
strong recirculatory mesoscale processes (Millán et al., 2005a). The whole region 
constitutes a climate hotspot with climate impacts projected to further endanger the 
resilience of its ecosystems and societies (Tuel and Eltahir, 2020). Together with 
intensified human activity and historical land use change ( Ruiz & Sanz-Sánchez, 2020), 
forecasted climate change is expected to increase extreme temperatures, intensify drought 
and aridity, reduce snowfalls and glacier ice sheets, increase flooding, and rise fire 
weather risk (Masson-Delmotte et al., 2021), altogether further aggravating 
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desertification, impacting biodiversity, and threatening the already altered hydrological 
cycle of the basin (MedECC, 2020). 

Despite the environmental challenges, the Mediterranean basin has a large potential for 
successfully adopting Sustainable Land Management (SLM) in its watersheds (Ruiz et 
al., 2020), providing them and the whole region, with an enhanced capacity to adapt and 
mitigate climate change (Sanz et al., 2017). SLM encompasses soil, water and vegetation 
conservation measures, and is based on the key principles of enhancing the productivity 
and protection of natural resources, while being economically viable and socially 
acceptable (Schwilch et al., 2014). Addressing SLM in the Mediterranean basin is a 
challenging task in which the ‘‘one model fits all’’ paradigm does not apply. In addition 
to the extension of the catchment area, which has roughly 2M km2, there is its intricate 
landscape, featured with elevated mountain ranges and narrow watersheds of less than 10 
km2 that cover 60% of the territory. This leads to diverse and complex terrain and local 
climatic conditions, requiring the use of innovative approaches that adapt land 
management to each watershed. To achieve this, integrated land management plans and 
tools need to be tailored to the specific Mediterranean context, whereby integrated land 
management is “a strategic, planned approach to manage and reduce the human footprint 
on the landscape” (Alberta Government, 2012). 

Integrated land management should account for the benefits, risks, and trade-offs of 
environmental actions while considering the values and perceptions of the local 
populations. Accordingly, to capture SLM benefits, risks, and trade-offs we propose the 
use of a modeling technology aimed at identifying and quantifying areas of ecosystem 
goods and services supply and demand according to the implementation of different SLM 
options. To account for the values and perceptions of the local populations, we perform 
stakeholder engagement. Stakeholder engagement, and in particular co-production with 
stakeholders, is key to ensuring SLM effectivity and continuity in time, as participation 
in decision-making raises awareness of environmental issues and boosts willingness to 
adopt new SLM measures (Gómez Martín et al., 2021) while providing relevant 
information of local synergies. 

Given the state of the adaptation and mitigation capacities of the basin (Masson-Delmotte 
et al., 2021),  this work aims to provide an innovative approach to investigate how SLM 
can be used as a vehicle for strengthening the functioning of several Ecosystem Services 
(ES) in the rural and peri-urban Mediterranean areas. This approach introduces innovative 
digital tools that address knowledge integration and interoperability to leverage 
participatory processes and knowledge co-production processes. These processes help 
understand the larger social-ecological systems in which sustainable land management 
actions are nested, i.e. their social, institutional, and governance fabric while 
underpinning the values and preferences of relevant actors. To exemplify its use, we 
present a study case. The study case demonstrates the suitability of the proposed approach 
for its purpose and invites its implementation in other Mediterranean watersheds across 
countries.   

2. Case study: the Mijares watershed 

The Mijares watershed is located on the Eastern Mediterranean coast of Spain. It 
comprises an area of 4,075 km2 and its altitude range is between 0 and 2,008 m a.s.l. The 
source of the Mijares River is in the Gúdar mountain range in the municipality of El 
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Castellar in the Aragón region. The river has a length of approximately 156 km and flows 
into the Mediterranean Sea through la Plana de Castellón in the Valencia region. Despite 
its modest flow and its Mediterranean character, i.e. with dry-hot summers, the Mijares 
River is quite regular in its seasonal distribution, with an average of 14.72 m3/s. This is 
because the Iberian System acts as a barrier to the marine fronts and favors orographic 
precipitation at its headwaters, especially in summer, when air moisture transported 
inland is higher due to enhanced water evaporation in the Mediterranean Sea (Millán et 
al., 2005b). The watershed context and its land-use can be observed in Figure 1a-b and 
Figure 1c respectively. 

  

 
The Mijares includes a wide variety of soils and land-uses (Pompeu et al., 2021). In the 
upper course of the watershed, the river runs embedded in karstified limestones (Figure 
1c). This geology allows for the generation of water surpluses through the infiltration of 
rainfall into its aquifers, 2,742 hm3/yr according to Confederación Hidrográfica del Júcar 
(2019) and the presence of natural springs. Here, coniferous and broadleaf forests stand 
out by extension together with sclerophyllous vegetation zones, grasslands and 
agricultural zones with natural vegetation. The population in this area is sparse and 
located in villages. Downstream instead, the presence of intensive fruit tree plantations 
and irrigated land along with urban areas and industry are predominant. Agriculture here 
is favored by the accumulation of nutrient-rich quaternary materials from the river’s 
fluvial fan. These young sediment deposits are fed to a greater extent by groundwater 
from the coastal aquifer. 
 
This heterogeneity in landscapes is translated to several water needs and uses, offering an 
ideal environment for studying the challenges posed by the planning and management of 
Mediterranean water resources. This is mainly due, beyond the dichotomy between the 

Figure 1.(a) Situation of the Mijares watershed within Spain; (b) Look up of the watershed; 
(c) Landsat-based Land-Use (LU) map of the watershed using 2018 satellite imagery. 
Modified from Pompeu et al. (2021).   
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surpluses at the headwaters with the deficit at the lower course, to the fragile balance 
between available water resources (335.7 hm3/yr) and water demands (268.23 hm3/year). 
The agricultural sector is the major water consumer in Mijares, with 207.62 hm3 in the 
year 2016/17, accounting for around 72% of the total water use in the watershed, followed 
by the urban use with 45.44 hm3 (16%), and the industrial sector with 11.58 hm3 (4.05%) 
(Confederación Hidrográfica del Júcar–Anejo 5, 2019). The high demand for water 
resources in Mijares gives rise to several challenges of social nature such as water 
conflicts, for which consensus among actors in the territory and regulatory bodies is 
necessary. 
 
 

3. Framework of the study: integrated landscape management 

To test the suitability of our approach in strengthening the functioning of ES through 
SLM and model potential scenarios, we used an interdisciplinary approach in the Mijares 
watershed that combines: (1) artificial intelligence, to quickly assess ES; (2) SLM 
knowledge from scientific literature and local communities, to learn about its potential in 
promoting social and ecological services; (3) stakeholder engagement, to identify 
priorities and capabilities on adopting SLM measures (Figure 2).  

All three methodologies can be tracked and replicated elsewhere, namely, in other 
Mediterranean watersheds. This is possible as the artificial intelligence software chosen, 
ARIES, generates models that can fit into the context of analysis while the technology 
itself, assembles the most appropriate workflow to compute the requested outputs (Villa 
et al., 2014). Likewise, the SLM knowledge is documented in a global-scope database 
that uses a unified protocol for each SLM practice, allowing for the direct comparison of 
their environmental and social effects (WOCAT, 1992), while the stakeholder 
engagement avoids unsuitable standardization. Lastly, the methodology used for 
stakeholder engagement follows a consistent structure allowing for its reproducibility in 
other contexts. 

 

Figure 2. Schematic representation of the followed approach, with intermediate and final 
outputs. (a) Use of ARIES, and AI-driven software to generate Ecosystem Services (ES) 
maps by submitting a query, defining a context, and adapting available models to the case 
study. (b) Assessment of Sustainable Land Management (SLM) practices from the 
WOCAT database using 4 social variables and 5 ecosystem services. (c) Stakeholder 
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engagement through semi-structured interviews first and group discussion-workshop 
later. Intermediate outputs are (Output 1) modeling of the most important ES to 
stakeholders and (Output 2) set of SLM practices likely to be successfully adopted and 
fostered in the watershed. Final output: modeling of SLM potential scenarios considering 
ES and climate change projections. 

 

3.1 Artificial intelligence for ecosystem services 

To quickly assess areas of ecosystem goods and services supply and demand within the 
Mijares watershed, we used the ARtificial Intelligence for Environment and 
Sustainability (ARIES) platform. ARIES employs an integrated modeling technology that 
combines scientific data and models from multiple disciplines through a network of 
curated and web-accessible information (i.e. models and data) that are annotated with and 
related through shared semantics (Balbi et al., 2022; Villa et al., 2017). A simple user 
interface, the ARIES Explorer, allows a user to search for knowledge via the proposal of 
a query expressed in an English-like language through a search bar, for instance, “retained 
soil mass caused by vegetation”, which is, in this example, the targeted ES (Table 1). 
Then, the user selects the spatial and temporal context in which to apply the query, for 
example, the Mijares watershed for the year 2021 (Fig. 2a). Following, ARIES uses 
deductive and inductive reasoning across its semantic knowledge base to assemble 
available data and models, to answer the query for the required context, while 
automatically mediating the potential differences in scales and units of measurement of 
the components utilized (Martínez-López et al., 2019). This approach makes it possible 
to integrate the different fields of knowledge needed to answer the query, namely for this 
example: soil sciences (soil erodibility), geomorphology (slope steepness and length), 
hydrology (rainfall runoff erosivity), and landscape ecology (land cover). Moreover, 
ARIES can be applied to build scenarios for multiple ES within any context, in this case, 
the Mijares watershed. 

Behind the scenes, ES queries are expressed as logical statements and are resolved 
recursively by algorithms and input resources available in the ARIES semantic web. Such 
resources can be public global spatial datasets, often used as a default input option, or 
user-introduced input data, which can be prioritized to resolve the query in the user-
selected context (Martínez-López et al., 2019). Additionally, the algorithms specifying 
the modeling components can be modified by tech savvy users, and/or new models can 
be developed building on the available building block. For each query resolved, the 
platform automatically documents the computational workflow assembled, including all 
of the input data, and the applied algorithms allowing its traceability and reproducibility 
elsewhere (Villa et al., 2014).  

Beyond the integration of different fields of knowledge and the possible customization of 
the models to any context, a last reason to use ARIES was its appeal to several target 
users beyond academia, including ES modelers who can build and connect to other’s 
work, and institutions that can publish research outputs freely and openly. Most of all, the 
user-friendly interface allows decision-makers and interested stakeholders to run models 
in an intuitive way and obtain a report out of it, without needing previous training, thus 
playing a major role in stakeholders’ engagement.  
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Table 1. Globally customizable ARIES models applied in the Mijares watershed. 

Available models Brief summary 
Organic carbon mass Total amount of carbon 

(t/ha) from ecosystem pro-
cesses. Include soil, roots 
and aerial vegetation. 

Net value of 
pollination services 

Balance between demand 
and provision of pollina-
tion service in the land-
scape, based on potential 
distribution of pollinator 
insects and crop depend-
ent agricultural parcels. 

Retained soil mass 
caused by vegetation 

Sediment mass (t/ha) re-
tained due to vegetation 
cover, based on the Re-
vised Universal Soil Loss 
Equation (RUSLE). The 
equation is calculated 
twice, first with the actual 
land cover and then simu-
lating soil loss with all 
land covered by bare soil. 
The difference is an esti-
mation of the avoided soil 
erosion attributable to 
vegetation. 

Value of outdoor recre-
ation 
  

Balance between demand 
(population density) and 
theoretical value of out-
door recreation, based on 
the time travel to places of 
interest for outdoor activi-
ties, such as water bodies, 
protected areas, mountains 
and beaches. 

Hydrological model Seasonal water yield 
model running at a 
monthly time step with 
three outputs: surface 
runoff, potential 
evapotranspiration, 
infiltration and baseflow. 
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3.2 Sustainable Land Management  

Once characterized the areas of ecosystem goods and services supply and demand within 
the watershed, we considered SLM measures to foster the provision of these ES. SLM 
has been historically applied through the traditional use and the know-how of rural 
communities (Davis and Ebbe, 1993), yet it also comprises scientific evidence in 
promoting the resilience of socio-ecological systems (Sanz et al., 2017). Therefore, this 
is a widely studied vehicle proven to achieve long-term productive ecosystems all over 
the world, both from the traditional knowledge and the scientific spheres (Marques et al., 
2016). 

Although SLM are measures oriented to aid for a specific problem (e.g. crop cover to 
reduce soil erosion), overall, they constitute holistic actions to the landscape and beyond, 
as their adoption entails many interactions between the land and the indirect environment 
(e.g. crop cover to reduce soil erosion has effects on soil moisture, soil structure, 
evapotranspiration, biodiversity, etc.). Thus, instead of selecting individual SLM 
practices, we considered the combination of several actions aiming to have an impact at 
the watershed scale. 

To create a portfolio of SLM measures that promote ES in a more integrated manner, we 
gathered information on those SLM practices that could be implemented in each land-
use. The set of SLM practices that we used is documented in the World Overview of 
Conservation Approaches and Technologies global database (WOCAT, 1992), which 
provides a standardized assessment protocol for each practice, allowing for their direct 
comparison (Fig. 2b) along with local knowledge. Subsequently, we moved from the local 
scale of SLM application to the watershed scale by using the framework from Ruiz et al. 
(2020). This framework allows for the mainstreaming of practices by grouping similar 
but very specific practices and jointly determining their potential in assisting five 
ecosystem services: climate regulation, soil erosion control, biodiversity enhancement 
and pest/disease control, water regulation, soil quality enhancement; and four social 
functions: economy and production, management and irrigation, human well-being, 
institutions (Table 2). The ecosystem evaluation criteria help to identify those actions that 
best promote sustainable development at the watershed scale, while the social evaluation 
criteria provide information on the potential benefits of SLM application to the watershed 
stakeholders.  
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Table 2. Left column, SLM practices from the WOCAT database applied in the 
Mediterranean basin up to 2019. Central column, grouping of similar SLM measures 
assisting for their mainstreaming. Right column, evaluation criteria to each SLM practice.  

 

3.3 Stakeholder engagement 

After creating the portfolio of SLM measures, we initiated conversations with locals from 
the Mijares watershed with the purpose of capturing their knowledge, capabilities, and 
willingness to adopt SLM in relation to ES and climate change. The network of 
stakeholders within the watershed is diverse due to the various economic activities. To 
consider a maximum variation sample, we established key stakeholder categories upfront 
in an ex-ante approach by identifying already set networks and searching for regional and 
local decision-makers, associations and NGOs, experts, companies and cooperatives, 
local communities, and the tourism and recreation sector, among others (Table 3). Then, 
we selected a subset of them by applying stakeholder analysis techniques that include a 
matrix of interest/influence and semi-structured interviews (Durham et al., 2014). Lastly, 
following an ad-hoc approach, we checked with the interviewees for potentially relevant 
stakeholders missing in the conversation (i.e. snowball approach). 

Then, we carried out a workshop combining top-down i.e. scientific data, and bottom-up 
i.e. participatory processes, methods to elaborate different proposals with the SLM 
practices that stakeholders agreed they were willing / were feasible to adopt within the 
watershed (Fig. 2c). We presented the participants with ES maps and climate change 
projections in the Mijares watershed for 2050. These served us to articulate bottom-up 
conversations on trade-offs between climate change impacts and the best ways to foster 
adaptation through SLM for the different proposals. Through these conversations, 
stakeholders gained awareness about the role of SLM in ES, as well as the influence of 
their actions on others. This task supports the transition of their perspectives beyond their 
ratio of individual-local action to a collective-watershed scale by discussing, and 
integrating others’ perspectives and capabilities (García-Nieto et al., 2019). From these 
conversations, we elaborated a map of potential areas where to implement SLM measures 
within the watershed that was later validated by the stakeholders. This map was then used 
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for the modelling of SLM potential scenarios within ARIES related to ES and climate 
change, constituting the final output of the research.  

Stakeholder engagement is a crucial component for a sound understanding of the reality 
of the watershed and is key to a successful SLM strategy in promoting multiple ESs. This 
is a central issue in SLM adoption, as, beyond implementation, which can be approached 
as a top-down measure, i.e. from decision-makers to the people, continuity in time needs 
to be ensured for the success of the implemented measures by the stakeholders, thus 
becoming the drivers of change (Sanz et al., 2017). To this end, stakeholders are more 
likely to feel that SLM benefits are aligned with their needs, capabilities, and willingness, 
understand and accept potential trade-offs, and lastly, sense that they are the ones who 
put SLM in the forward of their rural activities (Newig et al., 2018; Reed, 2008; Reed et 
al., 2018). 

Table 3. Stakeholder approach scheme.  

 
 
 

4. Results and Discussion 

4.1 Modelling scenarios  

Outputs of the followed approach are, as Output 1, a bottom-line visualization of the 
watershed’s state involving ES supply and demand that results from applying ARIES 
(Table 1). All five resulting ES maps (Fig. 3.1a-e) consistently identify two areas with 
lower ES compared to the inner watershed, where forestlands predominate. The first area 
is the western side of the watershed’s margin. There, steep and arid soils along patches of 
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grasslands dominate the upper terrain, followed by a populated plain stretching out along 
the river course downstream. The other area is at the eastern boundary of the watershed 
and river mouth, where the presence of intensive citric tree plantations, urban areas, and 
industrial parks are predominant (Fig. 1). Thus, from this first output, that is, relying only 
on scientific data and models, it follows that the forest landscape of the Mijares encloses 
the highest value for the supply and demand of the five assessed ES. This result is in line 
with a large body of literature reporting high ES for forests compared to other land use 
types (Brockerhoff et al., 2017). Yet, it constitutes a relatively standard result that needs 
refinement to the specific context of the Mijares by including socio-economic aspects 
(Reed et a., 2008). To capture these along with the local knowledge of the people and 
their capabilities to adopt SLM in relation to ES, we followed with Output 2. 

Output 2 is threefold: a) a geographical representation of where stakeholders aim at 
adopting SLM actions and b) a map with the most valued natural areas by the people 
residing in the watershed (Fig. 3.2b). These maps come together with c) a qualitative 
assessment of the benefits and trade-offs of ES. In a first step resulting from 25 semi-
structured interviews, stakeholders redefined the list of SLM. They discarded some of the 
initial 15 measures (central column of Fig. 2) due to socio-economic unsuitability and re-
designed others following the needs and capacities of the territory. This exercise resulted 
in 19 SLM measures likely to be successfully adopted across the watershed (Ruiz et al., 
2022). Later on, during the workshop, the stakeholders concurred on five key SLM 
measures to the Mijares that responded to its environmental challenges and socio-
economic settings. They agreed on:  

1. promoting extensive grazing at the headwaters, where rough terrain, high-quality 
grasslands, abundance of cattle trails, and sparse population predominate; 

2. shifting from a dense forest to a mosaic-like landscape in the inner watershed, 
where fire-prone and overly-densified forests dominate; 

3. fostering the recovery of traditional orchards in the upper basin, where agricultural 
abandonment and sparse population shape the landscape; 

4. maintaining rainfed crops in the middle course of the river, where sparse 
population and water scarcity influence economic activity; and 

5. promoting more integrated agricultural systems in citrus plantations at the river 
plain, where intensive citric exploitations, high population density, and water 
scarcity conditions prevail (Ruiz et al., 2022). 

With these results, we identified all potential bio-geographically suited areas within the 
watershed for each of the five key SLM measures (Fig. 3.2a). The criteria used to identify 
them were land-use type and spatial extensions bigger than 1 ha, so the proposed areas 
may be entitled to benefit from the EU Common Agricultural Policy. Moreover, in 
extensive grazing, we only chose areas with a slope of less than 16% and precipitation of 
over 472 mm/yr to ensure sustainable regeneration of the grasslands (Reiné Viñales, 
2009). Forestry actions were limited to sites with slopes up to 31%, while agricultural 
activities were limited to areas with slopes less than 10%. 
  
The qualitative assessment of the benefits and trade-offs of ES allowed us to integrate the 
information from Output 1 by bringing in the historical and socio-economic dimensions 
of the watershed. In this way, while ES were highest in forestlands, these were 
unanimously described as over-densified and largely homogeneous coniferous 
plantations of ~70 years old by all stakeholders (Fig. 3.2c). Overall, this nuance their total 
value on ecosystem services provisioning due to lower biodiversity, increased risk of 
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wildfire (Delgado-Artés et al., 2022), and strong groundwater intake (Alloza et al., 2020, 
2021). This is the rationale behind proposal number 2 on SLM. At the same time, 
stakeholders highlighted the income-g 

enerating role of the four areas previously identified as with lower ES value by stating 
socio-economic reasons that foster the value of the historical Mediterranean 
multifunctional landscapes (Mercuri et al., 2019). In particular, the NW and W areas of 
the watershed’s margin represent both economic i.e. grasslands for pasture and croplands 
for agriculture, and social spaces i.e. a network of towns, to combat rural depopulation 
and land abandonment while promoting the recovery of the cultural heritage. This 
reasoning is behind proposals 1, 3, and 4 on SLM. The E and SE areas with intensive 
citric plantations, while crucial for the local economy, require urgent SLM 
implementation due to the intensity of the activities taking place there, in line with Output 
1. This justifies proposal number 5 on SLM. However, in line with Alloza et al. (2020, 
2021), Figure 3.2e shows that these areas provide the highest component of atmospheric 
humidity at the coastline, likely due to the irrigation of the fields. This contribution of 
coastal humidity is of value to lessen the collision of marine sea breezes with the hot-dry 
air of the coast, potentially reducing the increasingly severe coastal storms (Lionello et 
al., 2017) and better enabling humid air masses to travel inland and orographically 
precipitate at the headwaters (Millán, 2014), strengthening the hydrological cycle.  

SLM potential scenarios constitute Output 3. These result from including stakeholders’ 
preferences on SLM options (output 2, Fig.2) to the bottom line models of the watershed’s 
ES (output 1, Fig.2) while considering climate change projections. Among all potential 
SLM scenarios, we show the one corresponding to ES retained soil by vegetation when 
applying SLM 5. Integrated agricultural systems in citrus plantations. The stakeholders 
defined this SLM as a measure involving growing natural vegetation between the strips 
of the main crop and cutting it once or twice a year as a nutritional cushion. Hence, we 
modeled the effect of three practices within the SLM 5: no-tillage, cover crop, and crop 
residues (Fig. 3.3). Integrated agricultural systems in citrus respond to the current 
challenges of water scarcity at the final course of the Mijares River and to climate change, 
projected to aggravate desertification and soil loss in the basin. Accordingly, to assess the 
potential contribution of this SLM measure to the watershed’s current and future 
challenges related to soil loss, we modeled average annual erosion rates using the Revised 
Universal Soil Loss Equation (RUSLE) in the baseline scenario and RCP 4.5 and 8.5 
projections for 2050 (Pompeu et al., 2023). Results show that if only changes in rainfall 
erosivity are considered, the average soil loss mitigated by this SLM measure in the river 
plain of the Mijares can be up to 4% i.e. 0.15t/ha, of the baseline scenario (Pompeu et al., 
2023). Therefore, this result argues for the benefits of implementing SLM 5 in the 
intensive citric croplands in favor of climate change adaptation. Modeling all potential 
scenarios i.e. one for each ES associated with each SLM measure (5x5), both for the 
current baseline and projected climate change, may assist policy and decision-making 
toward integrated and sustainable landscape management of the Mijares watershed or 
elsewhere applied. 

By following the three steps of the presented approach and applying them to the Mijares 
watershed, we have taken a snapshot of its potential adaptation capacities in rural areas. 
The resulting adaptation capacities are framed under five SLM measures that respond to 
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the watershed's bio-geographical, socioeconomic, and climatic challenges while 
promoting several ES. All modeling results are accessible to any interested stakeholder 
and policy-maker through an ad-hoc user-friendly application available at 
(https://mijares.integratedmodelling.org/modeler/?app=appmijares#/login) providing 
model navigation and visualization into different SLM scenarios. All scenarios are based 
on globally available models easily customizable to other study areas, namely other 
Mediterranean watersheds. This, together with ARIES’ capacity to aggregate results 
across, for example, watersheds (Martínez-López et al., 2019; Villa et al., 2014), can 
guide the development of a coordinated plan for managing the Mediterranean basin as a 
whole. 

  

Output 1) Bottom-line visualization of the watershed’s state in relation to Ecosystem Services 
supply and demand. 

  
3.1a) Retained soil by vegetation 
 

3.1b) Net value of pollination services 

  
3.1c) Value of outdoor recreation 
 

3.1d) Organic carbon mass 

   
3.1e) Hydrological model. In order: surface runoff, infiltration, potential evapotranspiration 
 

https://mijares.integratedmodelling.org/modeler/?app=appmijares#/login
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Output 2) Modelling results from the stakeholder engagement. 

 

 

3.2a) Geographical representation of where stakeholders aim at adopting five key SLM actions. 
Modified from Ruiz et al. (2022) 
 

  
3.2b) Most valued natural areas by the partic-
ipating stakeholders 

3.2c) Forest areas of priority action, based on 
tree density 

 
Output 3) SLM potential scenarios 

 
3.3) Average soil loss mitigated by SLM 5. Integrated agricultural systems in citrus plantations. 
Modified from Pompeu et al. (2023) 

 

Figure 3. Modelling results of the followed approach. 

Potential limitations to this work are model availability, spatial scale considerations from 
local-to-broad regional, trade-offs in ES assessments, uncertainty of climate change 
projections, and ambiguity in stakeholders’ knowledge. One main limitation is that end 
users currently dispose of a few models already implemented in ARIES (Table 1). 
However, as the platform evolves, more models can be explored, improving the 
understanding of local dynamics and potentially fitting better stakeholders’ expectations 
on landscape management for several ES. A second limitation is the trade-offs inherent 
to ES assessments, resulting from either the users of the same ES, between ESs or as a 
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combination of both. Nonetheless and although trade-offs related to ES assessment are 
key to decision-making, these are highlighted when comparing the different SLM 
scenarios with the baseline model of each ES, easing the understanding of the effects of 
the different scenarios. Uncertainties related to climate projections may affect the 
performance of SLM. Promoting SLM actions that account for such climate uncertainties 
is key to ensuring their success in promoting ES in the long term. Another limitation is 
the uncertainty surrounding the spatial scale at which ES are assessed and SLM 
implemented, which can also impact stakeholder participation. Ambiguities associated 
with stakeholders’ knowledge of SLM and climate change projections constitute an 
additional potential limitation, as these may hamper SLM adoption or foster the selection 
of SLM actions with unfavorable effects on the environment. Properly communicating 
SLM and climate change uncertainties together with handling ambiguity in a way that is 
inclusive is key when engaging with stakeholders.  
 

4.2 Policy implications at different scales 

Beyond offering a fitting environment for analyzing the challenges posed by climate 
change in Mediterranean watersheds, the Mijares also exemplifies the opportunities that 
may arise from the study of ES and the implementation of SLM actions with the 
involvement of local stakeholders at the policy level. The presented approach can enable 
impacts beyond the physical limits of the watershed by promoting national and 
international objectives and priorities, resulting in multiple synergies at various scales. 
Following, we review plans and strategies to which the study of ES and the 
implementation of SLM impact positively at the local, national, regional, and global scale. 
 
At the local scale, this can be reflected in the contribution to the master plan for water 
resources management, the Hydrological Plan of the Jucar’s Demarcation, where the 
Mijares watershed is placed (Confederación Hidrográfica del Júcar, 2019). This study 
could have several positive impacts on the environmental objectives of the plan, namely: 
prevent the deterioration of the water bodies, reach a good state of the water bodies, and 
achieve particular environmental goals. Likewise, the study could improve resilience and 
reduce vulnerability to climate change, directly contributing to several goals of the 
Valencia strategy for climate change and energy 2030 (Generalitat Valenciana, 2018): 
carbon footprint mitigation; residential, commercial and institutional mitigation; 
agriculture and livestock mitigation and adaptation measures; biodiversity and forestry 
adaptation; water resources adaptation; landscape adaptation; and social adaptation and 
knowledge generation. Furthermore, this study could have direct impacts on climate 
change adaptation plans of cities and towns that align their objectives to brother plans 
such as the Green Deal going local (Green Deal Going Local Homepage) and the Local 
2030 Agenda (Varela et al., 2020), or that aim at giving local answers to particular 
environmental challenges.  
 
At the national level, this study could nurture the Climate Change National Adaptation 
Plan (PNACC), which is the general reference framework of climate adaptation in Spain 
(MITECO, 2020) and it is linked to several international compromises such as the 
European Green Deal (European Comission, 2019) and the UNFCCC commitments of 
Spain. Specifically, it could contribute to the following working areas: climate and 
climate scenarios; water and water resources; natural heritage, biodiversity and protected 
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areas; agriculture, livestock, fishing, aquaculture and food; the forestry sector, 
desertification, hunting and inland fishing. Results from this study could also add to 
AdapteCCa, a collaborative platform that facilitates data and knowledge exchange on 
climate change adaptation (AdapteCCa homepage). It could likewise provide data to the 
Spanish Inventory of Natural Heritage and Biodiversity (IEPNB, 2018) on the forest map 
of Spain and the national forest inventory, the landscape inventory, the hydraulic public 
domain record, the Spanish inventory of traditional knowledge, and the national inventory 
of soil erosion. Also, it could contribute to the National Strategy for Green Infrastructure 
and Ecological Connectivity and Restoration, by promoting ES that supply ecological, 
economic, and social benefits (MITECO homepage), and to the Common Agricultural 
Policy (MAPA, 2018), which despite being a strategic plan of European coordination 
(IUCN and European Commission) it has a national development by the member states. 
It could directly support the following of its specific objectives in Spain: contribute to 
climate change mitigation and adaptation, as well as sustainable energy; foster sustainable 
development and efficient management of natural resources such as water, soil and air; 
and contribute to the protection of biodiversity, enhance ecosystem services and preserve 
habitats and landscapes. 
 
At the European level, taking SLM actions based on ES and stakeholder knowledge can 
directly support the European Green Deal by contributing to preventing biodiversity loss 
and implementing more sustainable agricultural practices (European Comission, 2019). 
Within the Green Deal, there are several initiatives to which this study can impact: the 
Natura 2000 network, it can build upon it by reporting on the status of the watershed’s 
environment (Natura 2000 homepage); the EU Nature Restoration Plan, improving 
information on ecosystems, soil, and water health and treatment (EU nature restoration 
targets homepage); the 2021 Forestry Strategy (within the Restoration Plan), supporting 
forest management, natural reforestation and afforestation (Forestry Strategy homepage); 
the Biodiversity Strategy for 2030 and the Strategy on Adaptation to Climate Change, 
providing information regarding sustainable actions at the watershed-scale (Biodiversity 
strategy homepage, European Commission, 2021); the Farm to Fork Strategy, with the 
implementation of sustainable agricultural practices (European Commission, 2020); and 
the Zero Pollution Action Plan for Air, Water and Soil, detecting pollution sites and 
pointing at potential solutions (European Commission, 2021a). Moreover, results from 
this type of study can likewise contribute to the European Environmental Information and 
Observation Network (Eionet) through its national focal point, by providing information 
on the environmental state of the watersheds and potential climate change adaptation 
actions (EEA homepage).  
 
At the Mediterranean scale, the results of this research can positively impact the regional 
political framework of the Mediterranean Strategy for Sustainable Development (MSSD) 
2016-2025 (Plan Bleu, 2016). The MSSD is a strategic guiding document to translate the 
2030 Agenda for Sustainable Development at the regional-national level. It consists of 
six objectives, to which this study can contribute the following: promoting resource 
management, food production and food security through sustainable forms of rural 
development; addressing climate change as a priority issue for the Mediterranean; and 
improving governance in support of sustainable development. Results can likewise 
provide information to the periodical State of the Environment Reports emitted by the 
contracting parties to the Barcelona Convention (Barcelona Convention, 1977) and serve 
as a monitoring source for its Strategic Action Programmes (UNEPMAP homepage). It 
can also positively impact the Mediterranean Experts on Climate and Environmental 
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Change group (MedECC homepage), the Union for the Mediterranean (UfM homepage), 
and organizations such as the Mediterranean Network of Basin Organisations (MENBO 
homepage) in promoting enhanced regional cooperation and bridging the gap between 
research and decision-making. Overall, adding to Mediterranean-scale bodies is 
important to promote integrated management of water and landscape resources under a 
system of shared responsibility across nations. 
 
At the global level, this type of work brings the opportunity to progress on the 2030 
Agenda for Sustainable Development (SDGs homepage), either through its regional/local 
implementation, or the Nationally Determined Contributions set for each country (NDCs 
homepage). In particular, this type of study supports SDG3 good health and well-being, 
SDG6 clean water and sanitation, SDG13 climate action, and SDG15 life of terrestrial 
ecosystems. It, moreover, fully aligns with the purpose of the United Nations Decade on 
Ecosystem Restoration (Decade on Restoration homepage). Capturing the benefits and 
co-benefits of ES mapping, implementation of adaptation actions, and stakeholder 
involvement, gives the opportunity to achieve objectives across other global agreements 
and frameworks such as the Sendai Framework for Disaster Risk Reduction (Office for 
Disaster Risk Reduction, 2015), the United Nations Convention to Combat 
Desertification (UNCCD homepage), the United Nations Framework Convention on 
Climate Change (UNFCCC homepage) including the Climate Action Rise to Zero and 
Rise to Resilience initiatives; the Intergovernmental Platform for Biodiversity and 
Ecosystem Services (IPBES homepage); and the Food and Agriculture Organization 
(FAO homepage). 
  

5. Conclusions 

− The Mijares environmental challenges, heterogeneous landscapes, and intricate 
stakeholder map are common to other Mediterranean watersheds, serving as an 
exemplary pilot study. 

− The modeling of ES, the selection of SLM practices to be adopted, and the 
participation of stakeholders are components of an interdisciplinary approach, 
traceable and replicable elsewhere. First, the combined use of the ARIES platform 
and the SLM database establishes the theoretical foundations of the effects of 
landscape management options on ecosystem structure and function, biodiversity, 
and climate change effects in the studied area. Then, with the engagement of 
stakeholders, the generated information is reshaped to constitute a central piece 
of an evidence-informed land management portfolio specifically for the 
watershed. As a result of this process, it is possible to model several SLM 
scenarios for the different ES and projected climate change that supports 
consensus building among actors and assists policy and decision-making towards 
sustainable landscape management of the watershed. 

− If correctly framed, the formal and informal governance structure at all levels, 
from local to global, can promote SLM to achieve sustainable objectives and 
increase the added value gained from its implementation at the local scale. This is 
particularly significant in the context of the need for integrated management under 
a system of shared responsibility among the Mediterranean nations. 

 

 

https://en.wikipedia.org/wiki/United_Nations


17 
 

CRediT authorship contribution statement 
I Ruiz: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, 
Resources, Writing – original draft, Writing – review & editing, Project administration, 
Funding acquisition. J. Pompeu and A. Ruano: Data curation, Formal analysis, 
Investigation, Resources, Software, Validation, Visualization, Writing – review & 
editing. P. Franco: Methodology, Writing – review & editing. S. Balbi and M.J. Sanz: 
Writing – review & editing. 
 

Declaration of Competing Interest 
The authors declare that they have no known competing financial interests or personal 
relationships that could have appeared to influence the work reported in this paper. Data 
Availability Data will be made available on request. 
 

Acknowledgements 
The authors would like to thank M. Brugnach for her guidance in stakeholder analysis, as 
well as the editor and two anonymous reviewers whose comments helped improving this 
work. This research is supported by the Ministry for the Ecological Transition and the 
Demographic Challenge, through the Biodiversity Foundation; and by the María de 
Maeztu excellence accreditation 2018–2022 (Ref. MDM-2017-0714), 
MCIN/AEI/10.13039/501100011033/. 
 

 References  
AdapteCCA homepage. (n.d.). Plataforma sobre Adaptación al Cambio Climático en 

España. Last accessed September, 2022. https://www.adaptecca.es/ 

Alberta Government. (2012). Integrated land management tools compendium. 1-99 
ISBN 978-0-7785-9756-8. Last accessed September, 2022. 
https://open.alberta.ca/publications/9780778597568 

Alloza, J. A., B., A., M., H., E., M., M., M., & V.R., V. (2020). Evaluación de los 

intercambios de vapor de agua entre el suelo, la vegetación y la atmósfera en las 

circulaciones de brisa en la cuenca del Turia. 

Alloza, J. A., B., A., M., H., E., M., M., M., & V.R., V. (2021). Evaluación de los 

intercambios de vapor de agua entre el suelo, la vegetación y la atmósfera en las 

circulaciones de brisa en la cuenca del Turia. Parte II. Aproximación a una 

subcuenca forestal. 

Balbi, S., Bagstad, K. J., Magrach, A., Sanz, M. J., Aguilar-Amuchastegui, N., 
Giupponi, C., & Villa, F. (2022). The global environmental agenda urgently needs 
a semantic web of knowledge. Environmental Evidence, 11(1), 1–6. 
https://doi.org/10.1186/s13750-022-00258-y 

Barcelona Convention. (1977). Convention for the protection of the Mediterranean Sea 

against pollution and related protocols. https://www.unep.org/unepmap/who-we-
are/barcelona-convention-and-protocols 

Biodiversity strategy homepage. (n.d.). Biodiversity strategy for 2030 - European 

Commission. Last accessed September, 2022. 



18 
 

https://ec.europa.eu/environment/strategy/biodiversity-strategy-2030_en 

Brockerhoff EG, Barbaro L, Castagneyrol B, et al. Forest biodiversity, ecosystem 
functioning and the provision of ecosystem services. Biodivers Conserv 2017 
2613. 2017;26(13):3005-3035. https://doi.org/10.1007/s10531-017-1453-2 

Confederación Hidrográfica del Júcar. (2019). Plan Hidrológico de la Demarcación 

Hidrográfica del Júcar. Revisión de tercer ciclo (2021-2027). 
https://www.chj.es/es-es/medioambiente/planificacionhidrologica/Paginas/PHC-
2021-2027-Indice.aspx 

Davis, S. H., & Ebbe, K. (1993). Traditional Knowledge and Sustainable Development 

Environmentally Sustainable Development Proceedings Series No. 4. 
https://agris.fao.org/agris-search/search.do?recordID=US2012401775 

Decade on Restoration homepage. (n.d.). About the UN Decade | UN Decade on 

Restoration. Last accessed September, 2022. 
https://www.decadeonrestoration.org/about-un-decade 

Delgado-Artés, R., Garófano-Gómez, V., Oliver-Villanueva, J. V., & Rojas-Briales, E. 
(2022). Land use/cover change analysis in the Mediterranean region: a regional 
case study of forest evolution in Castelló (Spain) over 50 years. Land Use Policy, 
114. https://doi.org/10.1016/j.landusepol.2021.105967 

Durham, E., Baker, H., Smith, M., Moore, E., & Morgan, V. (2014). The BiodivERsA 

Stakeholder Engagement Handbook. BiodivERsA Fondation pour la Recherche sur 
la Biodiversité. 108. Last accessed September, 2022. 
https://www.biodiversa.eu/wp-content/uploads/2022/12/stakeholder-engagement-
handbook.pdf 

EEA homepage. (n.d.). About Eionet — European Environment Agency. Last accessed 
September, 2022. https://www.eea.europa.eu/about-us/countries-and-eionet 

EU nature restoration targets homepage. (n.d.). EU nature restoration targets - 

European Commission. Last accessed September, 2022. 
https://ec.europa.eu/environment/strategy/biodiversity-strategy-2030/eu-nature-
restoration-targets_es 

European Comission, E. (2019). The European Green Deal. Last accessed September, 
2022. https://op.europa.eu/en/publication-detail/-/publication/b828d165-1c22-
11ea-8c1f-01aa75ed71a1/language-en 

European Commission, E. (2020). Farm to Fork Strategy. Last accessed September, 
2022. https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_es 

European Commission, E. (2021a). EU Action Plan: Towards Zero Pollution for Air, 

Water and Soil. Last accessed September, 2022. 
https://ec.europa.eu/environment/pdf/zero-pollution-action-
plan/communication_en.pdf 

European Commission, E. (2021b). Last accessed September, 2022. EU Strategy on 

Adaptation to Climate Change. https://ec.europa.eu/jrc/en/peseta-iv/economic-



19 
 

impacts 

FAO homepage. (n.d.). Food and Agriculture Organization of the United Nations. Last 
accessed September, 2022. http://www.fao.org/home/en/ 

Forestry Strategy homepage. (n.d.). Forestry explained - European Commission. Last 
accessed September, 2022. https://ec.europa.eu/info/food-farming-
fisheries/forestry/forestry-explained_en 

García-Nieto, A. P., Huland, E., Quintas-Soriano, C., Iniesta-Arandia, I., García-
Llorente, M., Palomo, I., & Martín-López, B. (2019). Evaluating social learning in 
participatory mapping of ecosystem services. Ecosystems and People, 15(1), 257–
268. https://doi.org/10.1080/26395916.2019.1667875 

Generalitat Valenciana. (2018). Estrategia Valenciana de cambio climático y energía 

2030. Last accessed September, 2022. https://agroambient.gva.es/es/web/cambio-
climatico/2020-2030 

Gómez Martín, E., Máñez Costa, M., Egerer, S., & Schneider, U. A. (2021). Assessing 
the long-term effectiveness of Nature-Based Solutions under different climate 
change scenarios. Science of the Total Environment, 794. 
https://doi.org/10.1016/j.scitotenv.2021.148515 

Green Deal Going Local Homepage. (n.d.). Green Deal Going Local. Last accessed 
September, 2022. https://cor.europa.eu/en/engage/Pages/green-deal.aspx 

IEPNB. (2018). Informe anual 2018 sobre el estado del Patrimonio Natural y de la 

Biodiversidad en España. Last accessed September, 2022. 
https://www.miteco.gob.es/es/biodiversidad/temas/inventarios-
nacionales/iepnb_2018_final_tcm30-506869.pdf 

IPBES homepage. (n.d.). Intergovernmental Platform for Biodiversity and Ecosystem 

Services . Last accessed September, 2022. https://www.ipbes.net/ 

Lionello, P. (2012). The Climate of the Mediterranean Region: From the Past to the 

Future (1st ed.). Elsevier. 592 ISBN-13: 978-0124160422 

Lionello, P., Özsoy, E., Planton, S., & Zanchetta, G. (2017). Climate Variability and 
Change in the Mediterranean Region. Global and Planetary Change, 151(2017), 
1–3. https://doi.org/10.1016/j.gloplacha.2017.04.005 

MAPA, M. de A. P. y A. (2018). La Política Agrícola Común post 2020 “Una 

respuesta desde España”. Last accessed September, 2022. 
https://www.mapa.gob.es/es/pac/postura-reforma-pac/pacpost2020-
unarespuestadesdeespana_tcm30-505240.pdf 

Marques, M. J., Schwilch, G., Lauterburg, N., Crittenden, S., Tesfai, M., Stolte, J., 
Zdruli, P., Doko, A., Zucca, C., Petursdottir, T., Evelpidou, N., Karkani, A., 
AsliYilmazgil, Y., Panagopoulos, T., Yirdaw, E., Kanninen, M., Rubio, J. L., & 
Schmiedel, U. (2016). Multifaceted impacts of sustainable land management in 
drylands: A review. Sustainability (Switzerland), 8(2). 
https://doi.org/10.3390/su8020177 



20 
 

Martínez-López, J., Bagstad, K. J., Balbi, S., Magrach, A., Voigt, B., Athanasiadis, I., 
Pascual, M., Willcock, S., & Villa, F. (2019). Towards globally customizable 
ecosystem service models. Science of the Total Environment, 650(October), 2325–
2336. https://doi.org/10.1016/j.scitotenv.2018.09.371 

Masson-Delmotte, V., Zhai, P., Chen, Y., Goldfarb, L., Gomis, M. I., Matthews, J. B. 
R., Berger, S., Huang, M., Yelekçi, O., Yu, R., Zhou, B., Lonnoy, E., Maycock, T. 
K., Waterfield, T., Leitzell, K., & Caud, N. (2021). Summary for Policymakers. In  
Climate Change 2021: The Physical Science Basis. Contribution of Working 

Group I to the Sixth Assessment Report of the Intergovernmental Panel on Climate 

Change . Cambridge University Press. www.ipcc.ch 

MedECC. (2020). Climate and environmental change in the Mediterranean Basin. 

Current situation and risks for the future (632pp. First Mediterranean Assessment 
Report [Cramer, W., Guiot, J., Marini, K. (eds.)] Union for the Mediterranean, 
Plan Bleu, UNEP/MAP, Marseille, France (ed.)). 
https://doi.org/10.5281/zenodo.4768833 

MedECC homepage. (n.d.). Mediterranean Experts on Climate and Environmental 

Change . Last accessed September, 2022. https://www.medecc.org/ 

MENBO homepage. (n.d.). Mediterranean Network of Basin Organisations. Last 
accessed September, 2022. https://www.remoc.org/ 

Mercuri, A. M., Florenzano, A., Burjachs, F., Giardini, M., Kouli, K., Masi, A., 
Picornell-Gelabert, L., Revelles, J., Sadori, L., Servera-Vives, G., Torri, P., & 
Fyfe, R. (2019). From influence to impact: The multifunctional land use in 
Mediterranean prehistory emerging from palynology of archaeological sites (8.0-
2.8 ka BP). Holocene, 29(5), 830–846. https://doi.org/10.1177/0959683619826631 

Millán, M. M., Estrela, M. J., & Miró, J. (2005). Rainfall components: Variability and 
spatial distribution in a Mediterranean area (Valencia region). Journal of Climate, 
18(14), 2682–2705. https://doi.org/10.1175/JCLI3426.1 

Millán, Millán M. (2014). Extreme hydrometeorological events and climate change 
predictions in Europe. Journal of Hydrology, 518(PB), 206–224. 
https://doi.org/10.1016/j.jhydrol.2013.12.041 

MITECO homepage. (n.d.). Estrategia Nacional de Infraestructura Verde y de la 

Conectividad y Restauración Ecológicas. Last accessed September, 2022. 
https://www.miteco.gob.es/es/biodiversidad/temas/ecosistemas-y-
conectividad/conectividad-fragmentacion-de-habitats-y-
restauracion/Infr_verde.aspx 

MITECO, M. para la T. E. el R. D. (2020). Plan nacional de adaptación al cambio 

climático 2021-2030. Last accessed September, 2022. https://www.miteco.gob.es/ 

Natura 2000 homepage. (n.d.). Natura 2000 - Environment - European Commission. 
Last accessed September, 2022. 
https://ec.europa.eu/environment/nature/natura2000/index_en.htm 

NDCs homepage. (n.d.). Nationally Determined Contributions (NDCs) | UNFCCC. Last 



21 
 

accessed September, 2022. https://unfccc.int/process-and-meetings/the-paris-
agreement/nationally-determined-contributions-ndcs/nationally-determined-
contributions-ndcs 

Newig, J., Challies, E. D., Jager, N. W., Kochskaemper, E., & Adzersen, A. (2018). The 
Environmental Performance of Participatory and Collaborative Governance: A 
Framework of Causal Mechanisms. Policy Studies Journal, 46(2), 269–297. 
https://doi.org/10.1111/psj.12209 

Office for Disaster Risk Reduction, U. N. (2015). Sendai Framework for Disaster Risk 

Reduction 2015 - 2030. Last accessed September, 2022. 
https://www.undrr.org/publication/sendai-framework-disaster-risk-reduction-2015-
2030 

Plan bleu. (2016). Mediterranean Strategy for Sustainable Development 2016-2025: 

Investing in environmental sustainability to achieve social and economic 

development (Issue May 2020). https://planbleu.org/en/publications/mediterranean-
strategy-for-sustainable-development-2016-2025-investing-in-environmental-
sustainability-to-achieve-social-and-economic-development/ 

Pompeu, J., Ruiz, I., Ruano, A., Bendini, H., & Sanz, M. J. (2021). Land use and land 
cover databases for Mediterranean landscape analysis at the watershed scale. BC3 

Working Paper Series, 01. 
https://www.bc3research.org/index.php?option=com_wpapers&task=showdetails&
Itemid=279&idwpaper=101 

Pompeu, J., Ruiz, I., Ruano, A., & María José, S. (2023). Sustainable Land 
Management for addressing soil conservation under climate change in 
Mediterranean landscapes: persperctives from the Mijares watershed. Euro-

Mediterranean Journal for Environmental Integration. 

Reiné Viñales, R. (2009). 6510 Prados de siega de montaña (Arrhenatherion). In: Bases 
ecológicas preliminares para la conservación de los tipos de hábitat de interés 
comunitario en España Madrid: Ministerio de Medio Ambiente, y Medio Rural y 
Marino. Madrid. 60 p. https://www.miteco.gob.es/es/biodiversidad/temas/espacios-
protegidos/6510_tcm30-196853.pdf 

Reed, M. S. (2008). Stakeholder participation for environmental management: A 
literature review. Biological Conservation, 141(10), 2417–2431. 
https://doi.org/10.1016/j.biocon.2008.07.014 

Reed, M. S., Vella, S., Challies, E., de Vente, J., Frewer, L., Hohenwallner-Ries, D., 
Huber, T., Neumann, R. K., Oughton, E. A., Sidoli del Ceno, J., & van Delden, H. 
(2018). A theory of participation: what makes stakeholder and public engagement 
in environmental management work? Restoration Ecology, 26(August), S7–S17. 
https://doi.org/10.1111/rec.12541 

Ruiz, I, Ruano, A., Pompeu, J., & Sanz, M. (2022). Gestión integrada del territorio en 

la cuenca del río Mijares. 
https://www.bc3research.org/index.php?option=com_pbriefings&task=showdetails
&Itemid=292&idpbriefings=64 



22 
 

Ruiz, I., Almagro, M., García de Jalón, S., Solà, M. del M., & Sanz, M. J. (2020). 
Assessment of sustainable land management practices in Mediterranean rural 
regions. Journal of Environmental Management, 276(September). 
https://doi.org/10.1016/j.jenvman.2020.111293 

Ruiz, Itxaso, & Sanz-Sánchez, M. J. (2020). Effects of historical land-use change in the 
Mediterranean environment. Science of the Total Environment, 732, 139315. 
https://doi.org/10.1016/j.scitotenv.2020.139315 

Sanz, M. J., Vente, J. de, Chotte, J.-L., Bernoux, M., Kust, G., Ruiz, I., Almagro, M., 
Alloza, J.-A., Vallejo, R., Castillo, V., Hebel, A., & Akhtar-Schuster., M. (2017). 
Sustainable Land Management contribution to successful land-based climate 

change adaptation and mitigation. Technical report, UNCCD SPI, Bonn, 
Germany. https://www.unccd.int/sites/default/files/documents/2017-
09/UNCCD_Report_SLM.pdf . 

SDGs homepage. (n.d.). THE 17 GOALS | Sustainable Development. Last accessed 
September, 2022. https://sdgs.un.org/goals 

Tuel, A., & Eltahir, E. A. B. (2020). Why Is the Mediterranean a Climate Change Hot 
Spot? Journal of Climate, 33(14), 5829–5843. https://doi.org/10.1175/JCLI-D-19-
0910.1 

UfM homepage. (n.d.). Union for the Mediterranean. Last accessed September, 2022. 
https://ufmsecretariat.org/ 

UNCCD homepage. (n.d.). United Nations Convention to Combat Desertification. Last 
accessed September, 2022. https://www.unccd.int/ 

UNEPMAP homepage. (n.d.). Barcelona Convention and Protocols. Last accessed 
September, 2022. https://www.unep.org/unepmap/who-we-are/barcelona-
convention-and-protocols 

UNFCCC homepage. (n.d.). United Nations Framework Convention on Climate 

Change. Last accessed September, 2022. https://unfccc.int/ 

Varela, F., Álvarez, B., & Cortés, J. (2020). Guía Para La Localización De La Agenda 

2030. 
https://www.agenda2030.gob.es/recursos/docs/Guia_para_Localizacion_de_la_Ag
enda_2030.pdf 

Villa, F., Bagstad, K. J., Voigt, B., Johnson, G. W., Portela, R., Honzák, M., & Batker, 
D. (2014). A methodology for adaptable and robust ecosystem services assessment. 
PLoS ONE, 9(3). https://doi.org/10.1371/journal.pone.0091001 

Villa, F., Balbi, S., Athanasiadis, I. N., Caracciolo, C., Goble, C. A., & Buttigieg, P. L. 
(2017). Semantics for interoperability of distributed data and models: Foundations 
for better-connected information. F1000Research 2017 6:686, 6, 686. 
https://doi.org/10.12688/f1000research.11638.1 

WOCAT. (1992). WOCAT SLM database. Last accessed September, 2022. 
https://qcat.wocat.net/en/wocat/list/?type=technologies 


