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Introduction

The concept of sustainability transition is increasingly used in research and beyond to refer to the process of transforming current agricultural and food systems towards sustainable alternatives [START_REF] Meynard | Designing coupled innovations for the sustainability transition of agrifood systems[END_REF][START_REF] Gaitán-Cremaschi | Characterizing diversity of food systems in view of sustainability transitions. A review[END_REF]. Sustainability transition envisions the development of new pathways shaping future, more sustainable agricultural and food systems [START_REF] Altieri | Agroecology: a new research and development paradigm for world agriculture[END_REF][START_REF] Duru | Designing agroecological transitions; a review[END_REF][START_REF] Van Der Ploeg | The economic potential of agroecology: empirical evidence from Europe[END_REF]Schiller et al. 2019). New transition pathways can couple technological innovations such as agronomic practices 1 3 with non-technological innovations such as cooperation between actors [START_REF] Bergez | TATA-BOX: "Territorial Agroecological Transition in Action": a tool-Box for designing and implementing a transition to a territorial agroecological system in agriculture[END_REF][START_REF] Meynard | Designing coupled innovations for the sustainability transition of agrifood systems[END_REF][START_REF] Gaitán-Cremaschi | Characterizing diversity of food systems in view of sustainability transitions. A review[END_REF]. Sustainability pathways are used to create alternative agricultural and food systems in which evaluating new perspectives from agricultural practices to landscape management are key [START_REF] Duru | Designing agroecological transitions; a review[END_REF]Schiller et al. 2019). Landscape approaches play a central role in such a sustainability transition [START_REF] Nelson | Sector, landscape or rural transformations? Exploring the limits and potential of agricultural sustainability initiatives through a cocoa case study[END_REF][START_REF] Andrieu | Co-designing climate-smart farming systems with local stakeholders: a methodological framework for achieving large-scale change[END_REF]) by aiming to harmonize conservation and development goals through the joint management of livelihoods and the associated ecosystems [START_REF] Sayer | Ten principles for a landscape approach to reconciling agriculture, conservation, and other competing land uses[END_REF].

Sustainable agroforestry practices can support landscape management and enhance forest conservation, agrobiodiversity, food production and livelihoods [START_REF] Herrero-Jáuregui | Aligning landscape structure with ecosystem services along an urban-rural gradient. Tradeoffs and transitions towards cultural services[END_REF]. At the landscape level, tree diversity within the agroforestry systems (AFS) has an important ecological function as biological corridors and habitats and is essential to the conservation of forest-dependent biodiversity or agricultural production [START_REF] Van Noordwijk | Central hypotheses for the third agroforestry paradigm within a common definition[END_REF][START_REF] Andreotti | Exploring management strategies to enhance the provision of ecosystem services in complex smallholder agroforestry systems[END_REF]). AFS play a major role in the transformation of agriculture towards sustainable landscapes [START_REF] Poole | Building cooperative capacity: the specialty coffee sector in Nicaragua[END_REF][START_REF] Rapidel | Analysis of ecosystem services trade-offs to design agroecosystems with perennial crops[END_REF] and offers a wide range of environmental, social, and economic benefits at farm as well as landscape level. However, ways to capitalize on this potential at landscape level have not yet been fully explored [START_REF] Kabaya | Investigating future ecosystem services through participatory scenario building and spatial ecological-economic modelling[END_REF][START_REF] Newell | Climate smart agriculture? Governing the sustainable development goals in Sub-Saharan Africa[END_REF].

The most studied AFS connecting management practices and landscape approaches are coffee-based AFS [START_REF] Tscharntke | Multifunctional shade-tree management in tropical agroforestry landscapes-a review[END_REF][START_REF] Cerda | Effects of shade, altitude and management on multiple ecosystem services in coffee agroecosystems[END_REF]) and cacao-based AFS [START_REF] Saj | Contribution of associated trees to long-term species conservation, carbon storage and sustainability: a functional analysis of tree communities in cacao plantations of Central Cameroon[END_REF][START_REF] Andreotti | Exploring management strategies to enhance the provision of ecosystem services in complex smallholder agroforestry systems[END_REF]. Coffee production in the tropics has traditionally been done in AFS with coffee being a shade-tolerant species and the shade trees serving to maintain soil fertility and to create a beneficial microclimate [START_REF] Sauvadet | Shade trees have higher impact on soil nutrient availability and food web in organic than conventional coffee agroforestry[END_REF]. However, in more recent decennia, the general trend has been towards shade reduction and intensification of coffee management, leading to biodiversity losses [START_REF] Moguel | Biodiversity conservation in traditional coffee systems of Mexico[END_REF][START_REF] Philpott | Functional richness and ecosystem services: bird predation on arthropods in tropical agroecosystems[END_REF][START_REF] Jha | Shade coffee: update on a disappearing refuge for biodiversity[END_REF]. While this is true for conventional AFS, organic AFS continues to have higher shade levels and more tree strata than conventional AFS [START_REF] Haggar | Environmental and economic costs and benefits from sustainable certification of coffee in Nicaragua[END_REF], as well as more tree species richness across the landscape [START_REF] Haggar | Tree diversity on sustainably certified and conventional coffee farms in Central America[END_REF].

Rethinking and developing management strategies agroecosystems towards more sustainable agroforested landscapes have been addressed through serious games (García- [START_REF] García-Barrios | An educational simulation tool for negotiating sustainable natural resource management strategies among stakeholders with conflicting interests[END_REF]2015;[START_REF] Garcia | Understanding coffee farmers: using games to explore future coffee agroforestry landscapes in the Western Ghats (India)[END_REF] and action research based on local knowledge and beliefs [START_REF] Bergez | TATA-BOX: "Territorial Agroecological Transition in Action": a tool-Box for designing and implementing a transition to a territorial agroecological system in agriculture[END_REF][START_REF] Kishita | Research needs and challenges faced in supporting scenario design in sustainability science: a literature review[END_REF]. Action research allows to study and rethink the farming system as a biophysical, economic and social subject shaping scientific and local knowledge and practices [START_REF] Warner | Agroecology in action: extending alternative agriculture through social networks[END_REF][START_REF] Hoolohan | Engaging stakeholders in research to address water-energy-food (WEF) nexus challenges[END_REF]. In addition, action research has been used extensively to redesign sustainable farming systems [START_REF] Altieri | Agroecology: a new research and development paradigm for world agriculture[END_REF][START_REF] Mendez | Farmers' livelihoods and biodiversity conservation in a coffee landscape of El Salvador. Confronting the coffee crisis: fair trade, sustainable livelihoods and ecosystems in Mexico and Central America[END_REF][START_REF] Tejedor | Action research workshop for transdisciplinary sustainability science[END_REF].

A well-developed inclusive action research approach to learn about, discuss and explore the complexity of the many dimensions of contested landscapes is participatory gaming [START_REF] Speelman | Co-investment in ecosystem services: global lessons from payment and incentive schemes[END_REF][START_REF] Moreau | Conciliate agriculture with landscape and biodiversity conservation: a role-playing game to explore trade-offs among ecosystem services through social learning[END_REF]). The gaming approach has been increasingly used in research and development. One of the most successful examples of a gaming approach is the companion modelling approach (ComMod), which aims to facilitate collective learning about complex social-ecological system among diverse actors (Étienne 2013). By playing a game that mimics part of the real system, stakeholders explore the potential impacts of their actions, while sharing their knowledge and understanding of the functioning of the system at hand.

Most of the gaming literature aims at better understanding social-ecological systems dynamics under specific conditions and exploring what-if scenarios often in a participatory setting with stakeholders [START_REF] Barnaud | Dealing with power games in a companion modelling process: lessons from community water management in Thailand highlands[END_REF][START_REF] Moreau | Conciliate agriculture with landscape and biodiversity conservation: a role-playing game to explore trade-offs among ecosystem services through social learning[END_REF]). As such, these participatory gaming methods fit within the so-called forecasting approaches in which scenarios of the future are evaluated [START_REF] Vergragt | Backcasting for sustainability: Introduction to the special issue[END_REF][START_REF] Hazard | Mutual learning between researchers and farmers during implementation of scientific principles for sustainable development: the case of biodiversity-based agriculture[END_REF]. While games taking a forecasting approach have, for example, shown to help coordinate farmers' land-use decisions at the landscape level discussing their socio-economic benefits (Speelman et al. 2014a;[START_REF] Hazard | Mutual learning between researchers and farmers during implementation of scientific principles for sustainable development: the case of biodiversity-based agriculture[END_REF], forecasting role-playing games can also limit the player's imagination for different perspectives from the ones presented in the games [START_REF] Villamor | Social role-play games vs individual perceptions of conservation and PES agreements for maintaining rubber agroforests in Jambi (Sumatra), Indonesia[END_REF]. In contrast to the forecasting approach in which future systems are explored from the current system state and under current system conditions, backcasting is an approach that focuses on what should happen in the future rather than what could happen [START_REF] Vergragt | Backcasting for sustainability: Introduction to the special issue[END_REF][START_REF] Kok | Combining participative backcasting and exploratory scenario development: experiences from the SCENES project[END_REF][START_REF] Duru | Designing agroecological transitions; a review[END_REF]. Backcasting as an approach allows participants to define a desirable future from which the steps required to reach this future vision will be identified in a backwards order as so-called opportunities, and potential events that will challenge reaching the vision, which are the so-called obstacles [START_REF] Kok | Combining participative backcasting and exploratory scenario development: experiences from the SCENES project[END_REF]Davies 2014;[START_REF] Duru | Designing agroecological transitions; a review[END_REF][START_REF] Kishita | Research needs and challenges faced in supporting scenario design in sustainability science: a literature review[END_REF].

In this paper, we present a novel approach aiming to support collective scenario evaluation towards a landscape sustainability transition. To achieve this objective, we applied an action research approach based on participatory forecasting through serious gaming and participatory backcasting workshops. We demonstrate the method by applying it to a case study of complex coffee agroforestry systems in Nicaragua, a biodiversity hotspot where around 80% of the land is cultivated [START_REF] Somarriba | Trees on farms for livelihoods, conservation of biodiversity and carbon storage: evidence from Nicaragua on This "invisible" resource[END_REF]) and a major challenge in land management is the conservation of biodiversity while simultaneously securing rural livelihoods [START_REF] Harvey | Integrating agricultural landscapes with biodiversity conservation in the Mesoamerican hotspot[END_REF]Speelman et al. 2014b;[START_REF] Beveridge | Experiences and drivers of food insecurity in Guatemala's dry corridor: insights from the integration of ethnographic and household survey data[END_REF].

Central America is also one of the regions most exposed to climate change [START_REF] Imbach | Climate change, ecosystems and smallholder agriculture in Central America: an introduction to the special issue[END_REF]. Nicaragua is particularly vulnerable to climate change due to its geographic, social, economic and environmental conditions [START_REF] Martínez-Valle | Pragmatic economic valuation of adaptation risk and responses across scales in Nicaragua[END_REF]. Coffee is its main produce [START_REF] Imbach | Climate change, ecosystems and smallholder agriculture in Central America: an introduction to the special issue[END_REF][START_REF] Somarriba | Trees on farms for livelihoods, conservation of biodiversity and carbon storage: evidence from Nicaragua on This "invisible" resource[END_REF] and coffee farmers face the direct and indirect impacts of climate change and land conversion [START_REF] Downing | The impact of accelerating land-use change on the N-cycle of tropical aquatic ecosystems: current conditions and projected changes[END_REF]) with predictions of substantial decreases in the total area suitable for coffee production [START_REF] Laderach | Predicted impact of climate change on coffee supply chains[END_REF]. Increasing the sustainability of coffee-based agroforestry systems in Nicaragua is key to sustaining local livelihoods [START_REF] Harvey | Climate-smart landscapes: opportunities and challenges for integrating adaptation and mitigation in tropical agriculture[END_REF][START_REF] Goodall | Shade tree diversity, carbon sequestration, and epiphyte presence in coffee agroecosystems: a decade of smallholder management in San Ramón, Nicaragua[END_REF][START_REF] Somarriba | Trees on farms for livelihoods, conservation of biodiversity and carbon storage: evidence from Nicaragua on This "invisible" resource[END_REF].

Methods

Study area

The municipality Tuma-La Dalia (13°08′N 85°44′W) is situated on the border of the Matagalpa and the Jinotega departments in central Nicaragua where steep and mountainous terrain predominate (Fig. 1). The area is located at an altitude ranging from 400 m to 850 m [START_REF] Cerda | Effects of shade, altitude and management on multiple ecosystem services in coffee agroecosystems[END_REF][START_REF] Bustillos | Tropical agroforestry and ecosystem services: trade-off analysis for better design strategies. Agroforestry for Sustainable Agriculture Davies AR (2014) Co-creating sustainable eating futures: technology, ICT and citizen-consumer ambivalence[END_REF]. The climate in Tuma-La Dalia is subtropical with temperatures ranging between 22 and 24 °C (respectively, the daily mean temperature in the cold and in the hot months) with a distinct rainy season from May to November and an annual rainfall average of 2200 mm (Montagnini 2017; [START_REF] Bustillos | Tropical agroforestry and ecosystem services: trade-off analysis for better design strategies. Agroforestry for Sustainable Agriculture Davies AR (2014) Co-creating sustainable eating futures: technology, ICT and citizen-consumer ambivalence[END_REF][START_REF] Sepúlveda | Sentinel landscape stocktaking pilot study: report Nicaragua-Honduras[END_REF]. The local landscape is fragmented with around 60% of the land characterised as low natural forest cover [START_REF] Somarriba | Trees on farms for livelihoods, conservation of biodiversity and carbon storage: evidence from Nicaragua on This "invisible" resource[END_REF]. Land use consists of pastures for cattle ranching, field crops for the production of staple cereals like rice, maize and beans, home gardens and coffee-based AFS [START_REF] Somarriba | Trees on farms for livelihoods, conservation of biodiversity and carbon storage: evidence from Nicaragua on This "invisible" resource[END_REF]. Household income depends exclusively on these activities, and is very low with an annual average cash flow of around 134 USD ha -1 year -1 [START_REF] Somarriba | Trees on farms for livelihoods, conservation of biodiversity and carbon storage: evidence from Nicaragua on This "invisible" resource[END_REF]. This is in particular due to the impact of fungi (coffee rust), pests (affecting staple cereals), and the alternation of drought and excessive rainfall [START_REF] Sepúlveda | Sentinel landscape stocktaking pilot study report Nicaragua-Honduras[END_REF]). Tuma-La Dalia is the main town within the municipality and is surrounded by several remote smallholder communities. The research presented in this paper was associated to a project entitled "System approach for the transition to biodiversified agrosystems (STRADIV)" which ran from 2015 to 2018. The project aimed to develop a new methodological framework for the co-design and assessment of innovative biodiversified cropping systems (the authors are available for more information about the project). The research was executed in five of the communities surrounding Tuma-La Dalia, namely: Las Delicias, Yale, El Coyolar 2, Hilipo 2, San Francisco (Fig. 1). These five communities are located at an altitude ranging between 600 and 800 m (Las Delicias, El Coyolar 2, Hilipo 2 and Yale 600-700 m; while San Francisco 700-800 m).

Combining participatory forecasting games with backcasting workshops

The combination of forecasting game sessions with a backcasting workshop allowed us to develop a novel approach for envisioning sustainability transition pathways as well as to co-produce and evaluate future landscapes (Fig. 2). The role of the participants in landscape planning was explored in the games and then build upon to make a path for the future during the backcasting workshop.

Through the game sessions, we were able to collect data on the current landscape scenario and on the communication and leadership of the participants. Thanks to this starting point we built up a backcasting workshop in which we invited different relevant stakeholders and the leaders from the communities selected during the game sessions. During the backcasting workshop, the participants envisioned their desired future landscape starting from the current landscape scenario. Then, from the future vision the participants went backwards defining opportunities and obstacles needed to reach their ideal scenario. In "Game sessions and data analysis" we encompass the detailed steps of the game sessions and in the "Backcasting workshop" the steps of the backcasting workshop.

Game sessions and data analysis

As a forecasting gaming method, the RESORTES board game (Speelman and García-Barrios 2010) was used. The RESORTES game facilitates agricultural and agroforestry land-use planning discussions including among stakeholders (Speelman et al. 2014a). The game revolves around individual land-use decisions and includes options for collaboration among players at the landscape level of the game. Players receive rewards based on the combination of their individual and their collective decisions. The game board represents a mountainous landscape with native forests and possibilities for agroforestry and is divided into four quadrants of nine hexagon plots each (Fig. 3). The game is played by six players who manage four hexagon fields each. The remaining hexagons represent a virgin forest. In the first four rounds, players allocate their fields on the board-one field per player per round. The selected location of the fields remains unchanged throughout the game. In subsequent rounds, players select the type of land-use for each of their fields without taking turns. The game has four land-use options, of which two distinct options represent low-risk land-use types while another two distinct options represent high-risk land-use types. Players collectively decide when they are Points per land-use types were determined at the end of each round by throwing two dice that reflect the range of high-risk prices and low-risk prices. The two collaboration schemes for landscape planning that could lead to additional points reflected economic benefits from successful collaboration.

To better match the agroforested landscape in Nicaragua, we adapted the original RESORTES game (for a detailed description of the RESORTES game, please see Speelman et al. 2014a, and Supplementary Annex 1) in three aspects to better fit the local context of coffee-based agroforestry in Nicaragua: (1) the four land-use options, (2) changing economic situations, and (3) the collaboration schemes. The adaptation of the game was developed using the expertise of the authors and by testing it with local technicians. In this RESORTES adaptation the land-use types were inspired by [START_REF] Moguel | Biodiversity conservation in traditional coffee systems of Mexico[END_REF]: (a) monoculture full sun coffee, (b) commercial polyculture coffee-based agroforestry system, (c) highly diversified traditional coffee-based agroforestry system, and (d) highly diversified traditional organic coffee-based agroforestry system (Fig. 4). Land-use types a and b were both regarded as having a higher risk than options c and d. Risk was defined as income losses in case of coffee failure due to climate change or pest and diseases [START_REF] Lasco | Agroforestry systems: helping smallholders adapt to climate risks while mitigating climate change[END_REF]. Several studies pointed out that this risk is higher in full sun coffee systems compared to more diversified system [START_REF] Schroth | Pests and diseases in agroforestry systems of the humid tropics[END_REF][START_REF] Avelino | Ecological mechanisms for pest and disease control in coffee and cacao agroecosystems of the Neotropics[END_REF]Montagnini 2017). In addition to that, increasing tree diversity allows farmers to have more products such as timber, fodder, and fruits that can potentially create a buffer against income losses derived from pure coffee production [START_REF] Lasco | Agroforestry systems: helping smallholders adapt to climate risks while mitigating climate change[END_REF][START_REF] Martínez-Valle | Pragmatic economic valuation of adaptation risk and responses across scales in Nicaragua[END_REF]Schiller et al. 2019).

Three distinct economic situations were defined to be explored in the game and these included: (1) a substantially higher price for organic coffee, (2) prices being equal for conventional and organic coffee, (3) the price of chemical fertilizer being substantially lower than usual. The two collaboration schemes were based on economic benefits from successful collaboration through realistic options within the Nicaraguan landscape: forming an organic cooperative and participating in ecotourism. To meet the requirements for obtaining additional points through the cooperative scheme, eight out of the nine fields within a quadrant needed to have an organic and highly diversified traditional coffee-based AFS. If the requirements were met, all players who owned a field in the respective quadrant received five additional points per round. The ecotourism scheme requires eight fields per quadrant to be covered with highly diverse traditional conventional and/or organic coffee-based AFS and rewards all who hold a field in the respective quadrant five additional points per round. Players collectively decide how many land-use allocation rounds they play.

We employed the elaborate data collection and analysis scheme developed by Garcia-Barrios in Speelman et al. (2014a). The monitoring and analysing scheme consisted of: pre-game surveys, in-game decision registration scheme, quantitative and qualitative communication analysis during and after the game through video observation, and postgame group survey in the debriefing of the game. In the pre-game survey, we used a structure questionnaire to collect information on the participant characteristics such as age, place and farming strategy, assess the social relations and level of acquaintance among participants (self-reported relatedness). Following Speelman et al. (2014a), we performed a qualitative and quantitative analysis of the game sessions assessing: (1) individual verbal communication input, (2) leadership, both assessed as perceived. Through a post-game group survey and a general debriefing of the game each player discussed: (1) his/her role during the game of the players in terms of successful collaboration, (2) his/ her choices made between the different options for land-use with a focus on organic and conventional agriculture. Later on during the post-game group survey five indicators for the sustainability transition of the landscape were chosen. The authors then compared the same indicators with their optimal values obtained by literature review. This evaluation was made to compare the reality of the communities studied with other communities in the same study area with similar coffee-based AFS landscapes.

All game sessions workshop took place between July and August 2017 in the different communities around the town of Tuma-la Dalia namely, Las Delicias (group 1), Yale (group 2), El Coyolar 2 (group 3), Hilipo 2 (group 4), San Francisco (group 5) (Fig. 1). In all game sessions, six local stakeholders participated in the game, five of which were farmers and one was a technician who worked as an extension officer on an NGO lead the participatory project in the communities. The game facilitator was familiar with the communities and knew some of the participants. Participants were invited using the snowballing method [START_REF] Goodman | Snowball sampling[END_REF]. In each community, the contact farmer familiar to the STRADIV project was asked to invite four additional farmers who owned a coffee-based AFS to participate in the game session. Game sessions were video-taped and voice recorded for analysis purposes with participants' consent.

Backcasting workshop

As a backcasting method, we adapted the participatory methodology to design agroecological transition and to support a multi-stakeholder arena presented by [START_REF] Duru | Designing agroecological transitions; a review[END_REF]. The backcasting exercise we developed aimed to support the discussion of social, economic and environmental aspects of sustainability transition at the landscape level. The exercise was divided into three steps in which the participants collectively developed their view on the: (1) the current situation, (2) their vision of the ideal situation in 2040, (3) the backwards steps (opportunities and obstacles) required to reach the ideal situation. During the presentation of the current situation, we showed in the workshop the five indicators co-produced with the participants during the post-game group survey and confirmed by literature review. Starting from the indicators of the current situation, the participants took part in a plenary discussion envisioning how these indicators could evolve in an imaginary and ideal situation in 2040. Once the consensus was reached on how the ideal future should be, they were asked them to identify backwards transition pathways to reach the ideal scenario. To do this, the participants wrote individually on different coloured cards the opportunities and the obstacles. Then, the collected cards were placed on a board for coproducing with the participants' clusters of similar opportunities and obstacles. Therefore, once the clusters were made, we presented the results to the participants asking them for additional feedback or consensus. After all the participants agreed with the co-produced backwards transition pathway we invited the participants to a debriefing session.

Our one-day backcasting workshop was organised following the five-game sessions at the end of August 2017. The participants were five community leaders as identified from the game sessions (one of each game session), three technicians who also participated to the game sessions, three researchers specialized in coffee-based AFS and two members of the municipality of Tuma-La Dalia who were involved in a development project on micro-credit and farm products diversification. The workshop was conducted by two facilitators. During the backcasting session, data were collected by collective writing and voice recording with the consent of the participants.

Our study did not require an ethical approval considering the low risks involved in the process and since the familiarity that the farmers have with the STRADIV project. In fact, participants knew beforehand what was going to happen during the game sessions and the backcasting workshop. In addition, they were aware that they were free to participate or to leave the activities when they wanted, and they knew that the data collected were anonymised.

Results

Game outcomes: pre-game survey, game sessions and post-game survey

The pre-game survey allowed us to define the characteristics of participants per community (Table 1). Group 1 has the lowest farm total land (2.4 ha) and the lowest coffee-based AFS (1.2 ha), while group 2 had the highest farm total land (10.7 ha) and coffee-based AFS (6.1 ha). These two groups represent also the range of the five communities concerning the coffee selling price which is 530 $ t -1 for group 1 and 700 $ t -1 for group 2. Both group 1 and 2 also have no variation in coffee price as they belonged to two different small cooperatives that buy coffee at a fixed price. In the case of group 1 the price they sell it is at a minimum price, while in case of group 2 it is a premium price justified by the high quality of the product and reliability of the producer. Group 1 had on average the youngest participants (average age of 35 years), while the oldest group was group 3 (average age of 54 years). Group 3 has the highest relatedness index (83%).

During the game sessions, most players allocated their fields in two of the board's four quadrants (QO in Table 2). This choice was justified by reproducing their own farm, which most of the time is sparing and in non-consecutive forest area. On average, only one player per game session decided to allocate the four fields into four different quadrants.

The five-game sessions resulted in different outcomes in terms of landscape configurations (Table 2). In all rounds, the percentage of selected of coffee-based land-use was between 0 and 100. The lowest average per round was 0 and the highest was 87.5. In group 1, three players (players 1, 3, 4) always selected more than 50% of highly diversified traditional organic coffee-based AFS (option d). In group 2 the average per game session was 39.6% for highly diversified traditional coffee-based AFS (option c) and 42.7% highly diversified traditional organic coffee-based AFS (option d). In group 3 not a single-player decided to use commercial polyculture coffee-based AFS (option b). In this group, two players decided to play always with the same option: highly diversified traditional coffee-based AFS (option c, player 6) and highly diversified traditional organic coffee-based AFS (option d, player 5). Only in group 4, all the players used the four land-use options available at least once during the four rounds. In this group, the average per game session for commercial polyculture coffee-based AFS (option b) was the highest (30.2%) compared to the other groups. At the same time in group 4 the highest average per game session was highly diversified traditional organic coffee-based AFS (option d) with 33.3%. In group 5, four players (players 1, 3, 4, 5, 6) selected at least for two rounds 100% of highly diversified traditional coffee-based AFS (option c). In all groups the land-use option of monoculture full sun coffee (option a) was infrequently utilized: the highest average per game session was in group 4 with 20.8% and the lowest in three groups (groups 1, 3, 5) with 8.3%.

Round by round, players adjusted the land use of their fields. Most players changed the initial allocation by increasing the diversity of the land-use on the four plots (Table 2). In group 3 and 4, a total of three players switched their land use from an initial organic to a conventional one. While in groups 1, 2, 3 and 5, seven players switched their land use from conventional to organic. The rest of the players, who represent the majority of the players, kept their land use during the game rounds. In group 1 the total average percentage of selected coffee-based organic AFS land-use types was 72.9%; 42.7% in group 2; 32.3% in group 3; 31.3% in group 4 and 22.9% in group 5.

The additional points gained by the groups of players showed diverse levels of cooperation (Table 3). In group 1 the total additional points gained by all the players during the game sessions was 180 additional points; 155 additional points in group 2; 295 additional points in group 3; 75 additional points in group 4 and 230 additional points in group 5.

While all players commented during the game sessions, the individual differences in quantified communication were considerable between players, ranging from 3 to 25 comments per player (Table 1). Only in group 3, a single-player made 70% (26 comments) of the total number of comments. Group 3 also had the highest average comments made per player during the game (14 comments) (Table 1).

In most of the groups, the number of comments followed the same trend of the perceived leadership (Fig. 5). In groups 2, 3 and 5 the players that made the most comments were also the ones with the highest perceived leadership (respectively players 3, 5 and 3). While in groups 1 and 4 even though one player per group made most of the comments (in both cases player 1) they were not perceived by the other players as leaders. In fact, they identified two different players as the leaders (respectively, players 4 and 2).

During the debriefing group discussion after the game sessions five indicators were identified to describe the current situation and desired future during the backcasting workshop covering the complexity of sustainability transition encompassing socio-economic and ecological aspects, namely: (1) Productivity: the coffee yield; (2) Soil fertility: soil organic matter content (%); (3) Biodiversity: coffee The red color bars are designed to quickly display the different values 1 3 associated trees species richness; (4) Market: selling price of the coffee ($); (5) Land use: land expansion (ha). The five indicators collected during the post-survey were confirmed or adjusted bya literature review [START_REF] Fraser | Reframing 'crisis' in fair trade coffee production: trajectories of agrarian change in Nicaragua[END_REF][START_REF] Wilson | Breaking the chains: coffee, crisis, and farmworker struggle in Nicaragua[END_REF][START_REF] Poole | Building cooperative capacity: the specialty coffee sector in Nicaragua[END_REF][START_REF] Martínez-Valle | Pragmatic economic valuation of adaptation risk and responses across scales in Nicaragua[END_REF][START_REF] Durand-Bessart | Analysis of interactions amongst shade trees, coffee foliar diseases and coffee yield in multistrata agroforestry systems[END_REF]. In all groups, the most conflictual topic was between organic and conventional agriculture. Reasons for players adopting or not adopting organic management were collected during the game sessions (no. of comments). In the overall game sessions played in the five communities there were 11 comments in favour of organic agriculture pointing at: (1) higher selling price (3 comments); (2) sustainable management (6 comments) and (3) human health (2 comments). On the other hand, there were 17 comments made against organic agriculture pointing at: (1) lack of experience (5 comments); (2) labour intense (8 comments) and (3) low yield (4 comments).

Backcasting workshop: developing sustainability transition pathways

At the beginning of the workshop, participants worked on describing the current situation. Therefore, the five indicators identified during the post-game discussion in all game sessions were re-introduced (Fig. 6).

The productivity targets were discussed at length and only after 2 h discussion the participants reached consensus on the envisioned values for the indicators. Setting an ambitious productivity target for 2040 was the most important step for the participants. The discussion then moved onto organic coffee production and its currently low yields in relation to conventional coffee yields.

The participants agreed that the soil fertility targets were to be based on both the organic and conventional soil fertility values, as such the value was the average of both values.

The biodiversity targets were established by the participants starting from the current status of biodiversity in the coffee-based agroforestry systems.

The richness of the associated tree species in the agroforestry plots was evaluated in the post-survey game sessions in each of the sessions. After some discussions and sharing of knowledge and practices in particular about the management of biodiversity in their coffee-based AFS, the participants expressed interest and commitment to increase the plant diversity by continuing to share knowledge and practices of different trees species used in the communities.

Defining an envisioned market target highlighted how farmers receive different compensation when selling their coffee to local cooperatives or external companies. This difference in coffee prices in the current market system was pointed out as one of the key factors that needed to change to have a more equal and fair selling price for farmers. The participants proposed for the envisioned future a higher price for all organic and conventional producers. In addition to the envisioned improvements in the coffee production, participants discussed about diversifying the produce of these systems by initiating sales of associated fruits and seeds produced in the same agroforestry landscapes as a means to supplement and diversify local household income. The land use target showed that participants were not willing nor able to expand the AFS land. Discussions on this topic included the hard-working conditions, lack of time and lack of labour.

After completing and presenting the envisioned future situation and targets, the participants of the backcasting workshop made the necessary steps to reach that future by identifying potential opportunities and obstacles (Fig. 7). For each opportunity and obstacle identified, participants discussed possible policy instruments or community-based solutions that might drive towards sustainable transition. To achieve a higher coffee price, the participants proposed to form a larger cooperative that would include several communities and could provide a recognized label acknowledging their sustainable production practices and fair trade (Fig. 7). During the backcasting workshop, participants showed an interest to diversify their systems and produce. However, they showed little interest in further developing organic coffee production. They believed that organic production needs extensive labour requirements, considering also that more young people were leaving the countryside to find work in urban areas. As a consequence, farmers showed no interest in expanding their coffee-based AFS (Fig. 6) mainly due to limited labour availability. Farmers did envision the farming practices associated with their desired future to be based on reduced external inputs, in particular, chemical inputs, that would only be used when strictly necessary.

Discussion

This study contributes to the current toolbox of methods for participatory co-production of future landscapes by combining participatory forecasting and backcasting approaches for a sustainability transition in agroforestry management. The combination of forecasting games and an interactive backcasting workshop provided new insights on farmer decision-making in these systems. In addition, it offered a unique setting for local stakeholders, farmers and technicians, to share knowledge and experiences on the management of their coffee-based AFS. New relationships and networks were established to continue further discussions on agro-forestry management at farm as well as landscape level. Five game sessions were organized with six participants each, followed by one backcasting During five participatory forecasting gaming sessions, distinct agro-forested landscapes were developed with diverse combinations of the different coffee production types. Participants of the game sessions discussed at length about the different coffee production types and in particular organic vs non-organic systems when selecting their landuse types in the game landscape. This activity allowed and stimulated participants to share and discuss their knowledge, experiences and preferences related to coffee-based agroforestry landscapes. The composition of participants in each of the sessions created new interactions within the safe environment of the game. Communication and leadership showed to be important pillars for collaboration among participants, both were positively related to successful collaboration among players. Through this forecasting exercise, participants jointly explored the impacts of different land use management options on income, landscape composition and collaboration. Farmers shared their interest in developing a fairer market for all coffee producers: organic and conventional. During the backcasting exercise, they built on these lessons by envisioning a desired future and identifying the steps needed to reach this future. The envisioned future was based on five pillars of sustainable coffee-based AFS as identified by the participants, namely improved coffee yields, improved soil fertility, increased biodiversity and a Fig. 5 Overview of the perceived leadership and number of comments made by the players during the game sessions of the five pilot game groups Fig. 6 Current baseline and targets expressed in percentage of the envisioned future landscape for coffee AFS focused on coffee productivity, soil fertility, biodiversity, market and land use. The optimal levels were based on a literature review 1 3 higher coffee price. The participants did not desire to enlarge the farmed area. Collectively the stakeholders who participated in the backcasting workshop developed a course of action for reaching the desired future (Fig. 7).
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Farmers in our research used the game as support for learning, sharing knowledge and practices towards opportunities and against the obstacles. The support of serious games as forecasting scenario evaluation tool for agricultural land use planning has been presented in numerous research studies with similar results to ours: educational purpose, knowledge and management practices sharing, conflict mediation and leadership assessment [START_REF] Garcia | Understanding coffee farmers: using games to explore future coffee agroforestry landscapes in the Western Ghats (India)[END_REF][START_REF] Speelman | Serious gaming as a tool to facilitate inclusive business; a review of untapped potential[END_REF].

Despite these convincing results obtained during the games sessions we highlighted the limitations of this approach. The limited number of options offered to the participants during the game on the one hand supported the evaluation of future scenarios, but on the other failed on elicit pathways for the desired transition. The game helped them to identify and discuss the difficulties they were facing in real life mainly related to support for production and market access. Farmers envisioned the production of coffee with different products not only for the sake of biodiversity but mainly for the market. In the study area there is a market only for coffee and not for other products [START_REF] Martínez-Valle | Pragmatic economic valuation of adaptation risk and responses across scales in Nicaragua[END_REF]). This result is alarming when considering the difficulties that farmers in Tuma-La Dalia have for achieving food security [START_REF] Bonilla-Findji | Latin America Climate-Smart Villages AR4D sites: 2016 Inventory[END_REF][START_REF] Bonilla-Findji | Latin America Climate-Smart Villages AR4D sites: 2016 Inventory[END_REF] underlined how these farmers have difficulty to satisfy their food requirements between 3 and 4 months in a year as their main focus is coffee production instead of producing staple foods.

Other research studies that applied serious games also found major difficulties in adapting a unique tool for many contexts and encourage the co-production of these tools with the stakeholders mobilizing arena [START_REF] Hassenforder | A participatory planning process as an arena for facilitating institutional bricolage: example from the Rwenzori region, Uganda[END_REF] or companion modelling approach (i.e. [START_REF] Falardeau | A novel approach for co-producing positive scenarios that explore agency: case study from the Canadian Arctic[END_REF]. Through the backcasting we succeeded in exploring the limitation of the four games options, engaging the discussion with the selected leaders on the indicators co-produced with the players during the post-game survey. The pathways for the desired transition included steps for allowing product diversification as developing the market for diverse products and the development of farmers' cooperative and trademark to support this desired future scenario. The scenario co-produced during the backcasting supported the collective evaluation of an optimal scenario but on the other hand only drafted the measures to achieve it. Previous studies have shown that researchers leading perspectives workshops also highlighted this weakness of the backcasting approach, but appreciated how this method is very effective for facilitating the process of co-producing scenarios involving local actors bringing local challenges to sustainability transition [START_REF] Kok | Combining participative backcasting and exploratory scenario development: experiences from the SCENES project[END_REF][START_REF] Pedde | Bridging uncertainty concepts across narratives and simulations in environmental scenarios[END_REF][START_REF] Falardeau | A novel approach for co-producing positive scenarios that explore agency: case study from the Canadian Arctic[END_REF].

Future research may experiment more with the methods showed in this paper to develop a common framework or protocol to be adapted for specific cases and support not only multi-level stakeholders' participation but also a wider spatial scale which include the local landscape as well as the national and transitional levels. Applying game-changing methods as games and backcasting-taking into consideration the limitations of these methods-can be a constructive and participatory way to support local and international engagement for achieving sustainability.

Conclusions

The development and implementation of pathways towards sustainable tropical agroforested landscapes require an inclusive participatory approach. In these landscapes, stakeholders collectively have to address a multitude of issues including climate change, pests and diseases and prices. With suitable approaches to facilitate this co-production of sustainable landscape management still largely lacking, we presented a novel method based on the combination of forecasting game sessions and backcasting workshops. We presented a case study in the coffee-based agroforested landscapes of central Nicaragua where our approach allowed local stakeholders to define and explore distinct management strategies towards a sustainability transition in agroforestry management.
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 1 Fig. 1 Map of Nicaragua land uses (adapted from Hernández Sandoval et al. 2011): a location of the five studied communities around Tuma-La Dalia in the coffee area of Matagalpa department (b) and view of the landscape observed from the community of Yale (c)
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 2 Fig. 2 Sustainability transition pathways combining forecasting game sessions with backcasting workshop for co-producing desirable future landscape
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 34 Fig. 3 Schematic representation of the RESORTES game board with the field locations in four quadrants in distinct colours and the settlement in the centre of the board (striped). Two contrasting examples of participant's field and land-use allocations; a best possible coordina-
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 7 Fig. 7 Policy instruments and community-based solutions pathways for sustainability transition landscape through coffee-based AFS. The green circles indicate the opportunities that help to reach the future desired landscape, while the grey circles are the obstacles

  

Table 1

 1 

	Pre-survey games participants' characteristics	Farmers communities characteristics			
	from the five-game sessions					
	played in the five communities (groups): age (#), land holdings (ha), relatedness index (%), coffee production (t ha -1 ), coffee selling price ($ t -1 ) the average comments made per player during the game (#)	Age (years)	G roup 1 2 3 4 5	Mean 3 5 4 1 5 4 4 0 3 9	St.dev. ± 13.85 ± 9.98 ± 16.26 ± 16.68 ± 4.71	R ange 1 8-59 28-53 2 0-66 1 8-62 30-44
		Farm total land (ha)	1	2 .4	±1.99	0 .7-6.3
			2	10.7	± 7.65	1.4-23.1
			3	3 .9	±1.02	2 .8-5.7
			4	4 .1	±2.01	0 .4-6.7
			5	2 .5	±0.32	2 .1-2.8
		Coffee AFS (ha)	1	1 .2	±0.70	0 .9-2.8
			2	6 .1	±2.96	1 .7-10.5
			3	2 .3	±1.33	0 .7-4.9
			4	2 .4	±1.45	0 .7-4.9
			5	2 .5	±0.32	2 .1-2.8
		Coffee Production	1	2 .45	± 0.76	2.1-4.2
		(t ha-1)	2	2.87	±0.87	2 .8-5
			3	1 .52	± 2.18	0.7-5.6
			4	2 .98	± 0.27	2.8-3.4
			5	3 .74	± 0.96	2.1-4.9
		Coffee Selling Price	1	5 14	±0.82	5 00-570
		($ t-1)	2	7 00	±0.00	7 00
			3	5 80	±50.99	500-650
			4	5 88	±26.08	530-600
			5	5 30	±0.00	5 30
		Relatedness index (%)	1	7 0	± 25.64	2 0-100
			2	7 3	± 9.21	60-80
			3	8 3	± 13.75	6 0-100
			4	8 0	± 16.33	6 0-100
			5	6 0	± 20.14	2 0-80
		Comments (#)	1	6	±5.28	1 -15
			2	8	±4.20	3 -16
			3	1 4	± 8.03	4-26
			4	1 0	± 4.24	3-16
			5	9	±2.67	5 -12

Table 2

 2 Outcomes of the game played in the five communities (groups 1-5) showing the player's individual quadrant occupation (QO) and percentage and average of the selected land-use types

	Highly diversified traditional organic	coffee-based AFS
	Highly diversified traditional coffee-	based AFS
	Commercial polyculture coffee-based	AFS
	QO Monoculture full sun coffee	R1
	Group Player	
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workshop in which one participant of each game session participated to incorporate the outcomes and views of all participants from the various game sessions into the backcasting workshop. The workshop initiated discussion between farmers from different communities, technicians,