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ABSTRACT 

One of the greatest challenges when addressing issues in complex social-ecological systems (SES), 

is the need for an efficient interdisciplinary framework when large-magnitude social and ecological 

disturbances occur. Teams comprising of scientists from different backgrounds and disciplines are 

frequently called upon to propose research methods and results that can be useful for policy and 

decision makers. However, most of the outcomes from these pluri-disciplinary teams appear 

extremely difficult to implement within a bigger picture because concepts, hypotheses, methods, 

and results are specific to each discipline. Here, we propose a reverse-engineering (RE) method to 

define the scientific needs that could help policy makers and citizens to assess the impacts of 

socioeconomic “disruptors” on social-ecological systems. We present this method using the 

example of an ongoing wood biomass energy plant (Gardanne) in the French Mediterranean region. 

In the Mediterranean region, species diversity is high, the forest cover is ample, but difficult access 

and low forest productivity make any biomass policy an ecological and social disruption. Our 

method is based on three complementary approaches to (1) describe the social-ecosystems, (2) 

draw up a map of interactions between actors and the impacts on the ecosystem, and (3) identify 

relevant questions needed for a global analysis of the impacts and potentialities of adaptation of 

actors and the ecosystems to the perturbation and the connections needed between the different 

disciplines. Our analysis showed that knowledge gaps have to be filled to assess forest resource 

vulnerability and better estimate how the different resource used (solid wood, biomass, landscape) 

competed together. Finally, we discuss how this method could be integrated into a broader 

transdisciplinary work allowing a coproduction of knowledge and solutions on a SES. 

Key words: forest; interdisciplinary; model; reverse-engineering; wood energy 

INTRODUCTION 

Social-ecological systems (SES) are linked systems of people and nature, emphasizing that humans 

must be seen as a part of, and not apart from, nature (Berkes et al. 1998). There is a widespread 

consensus in the literature of SES that not only several scientific disciplines are needed to address 

the complex problems emerging in SES, but also a sound interdisciplinary framework. It should aim 

at bringing together scientists from a variety of scientific disciplines to share their points of view to 

analyze a system, and achieve useful policy results for ecosystem management (Angelstam et al. 

2013). Interdisciplinarity is obviously only a first step, because addressing sustainability challenges 

is most effective when “coproduced” by academics and nonacademics in a true transdisciplinary 

approach (Norström et al. 2020). One of the main difficulties of these transdisciplinary approaches 

is the empowerment capacity of the practitioners. A true interdisciplinary synthesis can be 

therefore an important first step to gain the confidence of nonscientific actors, which is a 

prerequisite for their engagement in the rest of the process, because it increases the likelihood that 

the resulting knowledge is perceived by end-users as credible and legitimate. 

This interdisciplinary framework is especially critical when large disturbances affect SES. 

Disturbances, defined as infrequent and strong changes in environmental or social conditions that 

significantly affect the functioning and diversity of an ecosystem (Dornelas 2010), can originate 

from natural disasters, but also from unsuited top-down or local policies that have not gone 

through consultation processes. The latter case is particularly widespread as many policies created 

with good intent at the higher levels of administration can have negative effects at the local level 

(Blake 1999). 

https://www.ecologyandsociety.org/vol25/iss4/art16/#literatureci29


Assessing the effects of SES disrupters is a necessary first step for improving SES resilience. This 

must cut across the interests and knowledge of the various actors, whether public or private, and 

incorporate both scientific and local knowledge. This form of interaction between science and 

society faces several challenges. First, there must be a good match between scientific knowledge 

and engineering needs for a proper analysis of SES dynamics. This requires a precise analysis of 

the SES in its different dimensions. Second, technical obstacles need to be removed. Sometimes 

scientific knowledge is theoretically available, but time-consuming engineering work may be 

required to answer certain questions. Third, in rarer cases, a scientific answer requires scientific 

breakthroughs. They must be highlighted from the beginning of the SES analysis process, because 

making progress on these scientific frontiers can be long. Fourth, real interdisciplinary work must 

be undertaken to evaluate the dynamics of SES following disruption. Sometimes it is necessary to 

find common metrics to compare different scenarios and different services provided by ecosystems. 

In this paper, we use a bottom-up approach to address a complex social-ecological problem: the 

installation of a very large wood biomass power plant in Provence (southeastern France) that will 

consume a significantly large share of the wood produced in the neighboring regions. Using wood 

biomass has been seen as an efficient way for energizing a stalling forestry sector, creating jobs, 

solving energy needs, and mitigating greenhouse gas emissions to reach the thresholds set in the 

Paris Climate Agreement of 2015. However, the installation of one of the largest biomass-based 

power stations in France raises questions about short- and long-term sustainability (Leroux 2016). 

Particularly, the wood sector actors of the area are not prepared for new demands and public 

concerns over biodiversity conservation, landscape destruction, and health issues are very high 

(Upreti and van der Horst 2004). 

In this paper, using a reverse engineering approach, we identify the research challenges needed to 

be addressed, the main questions that have emerged, and the links needed between scientific 

disciplines to more efficiently conduct research on SES. We also discuss how this method could 

integrate a more transdisciplinary approach. 

METHOD 

We used an original three-step reverse-engineering methodology to assess interdisciplinary 

research needs using this case study. In engineering sciences, reverse engineering is the process 

of studying an object to determine its internal function or manufacturing method (Bagci 2009). By 

analogy, here it is the study of a disturbed SES, in order to deduce in a pragmatic way, what are 

the interactions among the scientific issues that are linked to it. The basic idea is to disentangle the 

system under study into its parts and see how they interact with each other. First, we describe the 

rationale that fits the need for nonavoidable interdisciplinary work. Second, we delfine the SES and 

draw its map of actors as a first step to reverse engineer the research challenge. Third, building 

from this map of actors, we assess the knowledge and technical gaps that exist to answer the 

many questions of the actors, concerning the use of the resource and the interactions between 

actors. This method also meets two of the criteria given by Norström et al. (2020) for an efficient 

coproduction of knowledge between scientists and practitioners and solutions to increase the 

sustainability of SES: It is context-based and goal-oriented. This approach is another way of 

formalizing the methods of science-policy relations on sustainability and SES research already 

described in the literature (Olsson et al. 2004, Walker et al. 2004, Armitage et al. 2012, Ban et al. 

2013, Holzer et al. 2019). 

This method was implemented in the framework of a research project funded by the Man and the 

Environment Observatory of Provence (https://www.ohm-provence.org/). This project led to the 

https://www.ohm-provence.org/


creation of a consortium and the organization of a working group of about 15 scientists, whose 

theme was the scientific stakes of the conversion of the Gardanne power plant from charcoal to 

wood biomass. The scientists who contributed to this consortium represented different disciplines 

(forest ecology, economics, sociology, law, forestry, energy). The results of their work were then 

regularly communicated to forest stakeholders, interest groups, and citizens’ associations. Most of 

the scientists involved work on applied research topics and have remained in permanent contact 

with the stakeholders involved in this power plant project. It was therefore possible to take stock of 

the various issues at stake by bringing together these different scientists, knowing that each of 

them was already in contact with private landowners, forest managers, citizens’ associations, and 

interest groups. 

FIRST PHASE: PROBLEM SETTING 

The development of the biomass energy sector in France 

The current goals of a sustained or even increasing production of wood biomass are to jointly help 

mitigating greenhouse gas effects and increasing the contribution of wood biomass to energy 

production (Pan et al. 2011, Fytrou-Moschopoulou 2015). The wood biomass, mainly of forest 

origin, accounts for 9.1 Mtoe.year-1 (Ministerial Statistical Service of Agriculture 2019; 39.8% of 

renewable energies) and results in a sharp increase in the amount of wood harvested in France to 

produce energy (Fig. 1). Cogeneration, i.e., joint production of electricity and heat, has been 

developing since 2004, with regular calls for tender by the Commission for the Regulation of 

Energy (CRE), an independent administrative body in charge of regulating the French electricity 

and gas markets. 

The installation of the power station 

In the 19th and 20th centuries, the coal extracted from the underground around Gardanne 

accompanied the industrial development of the Marseille region (Daumalin et al. 2005). The power 

plant that used coal from these mines was built in several phases from 1953 to 1967. The mine 

closed in 2003 and the power plant then used imported coal. In February 2011, the German 

company UNIPER (https://www.uniper.energy/), submitted a biomass power plant project to the 

CRE4 (https://www.cre.fr/en/CRE/who-are-we) call for proposals, which was successful. The wood 

biomass power plant is expected to produce 150 MW and must use at least 50% of its biomass 

from within a radius of 250 km. The project has been heavily criticized in particular because of its 

overall low energetic efficiency of 40%, because there is no recovery of heat (Seuret 2015). Also, 

the required biomass resource will be very large with a strong impact on local and regional 

resources, and many stakeholders opposed the project (Leroux 2016). In June 2017, the 

Administrative Court of Marseille canceled the operating authorization granted by the State in 2012 

on account of the lack of sufficient impact assessments on forest resources (Bourbon 2017). 

However, the Prefect (as the regional representative of the French Government) overruled the 

decision and allowed the provisional, but immediate continuation of exploitation, demanding that 

UNIPER provide an assessment report of the impact of the operation on the local forest resources 

(Leroux 2017). Finally, in July 2019, the Czech group EPH bought the Gardanne power plant 

(Wakim 2019). The SES studied is therefore subject to economic and capitalistic issues that go 

beyond ecological issues. 

Forest resources are fragmented and difficult to access 

https://www.uniper.energy/
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The increase of forest area per year between 1985 and 2018 was higher in the Mediterranean area 

than in the rest of France (IGN 2019). The Mediterranean forest is also considered underexploited. 

For example, the “harvest / forest production” ratio is 22% in the Provence-Alpes-Côte d'Azur 

administrative (PACA) region, while the national average is 52% (Inventaire Forestier National 

2019). There is therefore a considerable margin for economic growth for wood energy programs. 

However, only 22% of the volume of standing timber (25 million m³) is identified as easily 

exploitable (OFME 2018). Furthermore, the productivity of the forest is low and estimated at 1.92 

m³.ha-1.year-1 compared to 5.0 m³.ha-1.year-1 at the national level (Inventaire Forestier National 

2019). 

SECOND PHASE: MAPPING THE ACTORS OF THE SES 

The delineation of the studied social-ecological system 

The spatial scale of the studied SES is defined here by the top-down policies that are implemented 

in the PACA region. Political decisions were taken at this scale, even if the wood biomass supply 

needed for operating the power plant is wider (Fig. 2). 

Climate 

The latest Intergovernmental Panel on Climate Change scenarios are presented spatially in Annex I 

of their 2014 report (IPCC 2014). For Southern Europe and the Mediterranean area, summer 

temperatures (June–August) will increase by 1 to 9 °C and precipitation from April to September 

will decrease by 0 to 25% depending on the socioeconomic scenario (IPCC 2014). A temperature 

increase of 0.88 °C was observed between 1860 and 2005 while a decrease in annual precipitation 

of 23 mm was observed between 1902 and 2005 (Mariotti et al. 2015). In addition, temperature 

and precipitation interact with changes in CO2 content, in atmospheric nitrogen composition with an 

expected increase of 71% in nitrogen deposition between 1990 and 2050 for Mediterranean basin 

(Phoenix et al. 2006) and atmospheric pollution especially in O3 (Paoletti 2006). One of the main 

consequences of climate change is an increase in the intensity of water stress (Nicault et al. 2008). 

European Union, French State, and the PACA region 

The European Union (EU) will reduce its domestic greenhouse gas emissions by 40% by 2030 

(General Secretariat of the European Council 2014). In France, since 2007, energy transition 

policies have led to a harvesting turn within the French forest policy framework, meaning that 

priority is given to wood mobilization, mainly for biomass uses (Sergent 2014). In this context, 

France has set a target of using 23% renewable energy sources by 2020 and biomass should 

account for 45% of the overall renewable energy effort (Sergent 2014). The PACA region has 

translated these incentives into its regional biomass plan (http://www.paca.developpement-

durable.gouv.fr/schema-regional-biomasse-provence-alpes-cote-d-a11313.html). 

Forest owners 

The way the bioenergy sector can impact landscapes also depends on the land tenure regime. The 

forest ownership is largely private in PACA (68% of the forest area; IGN 2010) and very 

fragmented. There are 218,000 private forest owners, 67% of whom own less than 1 ha, whereas 

2% of them own 45% of the private forest area (IGN 2010). Consequently, only 46% of forests 

owners have a valid management plan. The risk of clear-cutting is therefore important. However, it 

http://www.paca.developpement-durable.gouv.fr/schema-regional-biomasse-provence-alpes-cote-d-a11313.html
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must be noted that both public and private forest owners also consider the power plant project as 

an opportunity for a better commercialization of their products. 

Competitors for resources 

The recent harvest of wood in the PACA region alone was 872,000 m³ in 2018 with an increasing 

share of energy wood (Fig. 1). The biomass resource required by the UNIPER power plant project 

represents 850,000 tons per year, of which 600,000 tons (equivalent to 500,000 m³) of forest 

products is expected to be harvested locally within a radius of 250 km around the plant by 2025. 

The resource required by the new wood biomass power plant constitutes almost a 70% increase of 

the current regional demand. But, this resource will not come only from the PACA region: the plan 

presented to the Biomass Regional Committee on 18 February 2015 gives a figure of 221,000 tons 

forecast for PACA by 2025. Moreover, this project adds up to existing plants in the PACA Region, in 

particular a paper mill (located in Tarascon) that uses 1,150,000 tons of wood annually and a 

biomass power plant (Inova Var located in Brignoles) using 140,000 tons of forests product 

annually. There are also numerous small, mostly communal boilers that were developed as part of 

community action toward sustaining their energy consumption using renewable energy sources. All 

of these economic players, particularly those with communal boilers, fear a competition for 

resources with the installation of new wood biomass power plant. 

Civil society and political parties 

The Regional Natural Parks of the Verdon and Luberon, located nearby, have opposed the project, 

which they see as threatening the sustainability of the forests they manage 

(http://parcduverdon.fr/fr/actualites/mobilisation-pour-les-forets-du-verdon-et-du-luberon). Local 

environmental associations and unions consider that there are problems both in terms of forest and 

biodiversity preservation, and pollution by fine particles. Moreover, the power plant policy will 

probably have an effect on many ecosystem services: hunting, mushroom picking, tourist 

attractiveness. Some political parties have relayed these views and today 200 municipalities in the 

region and 250,000 petitioners voted a motion against the wood power plant 

(https://www.sauvonslaforet.org/petitions/959/uniper-veut-bruler-les-forets-francaises-a-

gardanne). 

The scientific community 

Some scientists have been asked by the biomass plant to estimate the sustainability of the wood 

supply. Others also gave elements concerning the same topic to the interest groups that brought 

the case to court. Some scientists also met foresters to discuss the already observed and future 

effects of the power plant’s presence on forestry operations. These exchanges also enabled 

scientists to better understand the various issues related to the SES under study. However, in a 

tense context among the different protagonists, scientists are in a rather difficult position. They can 

very quickly be accused of favoring one side against the other and their objectivity is then 

questioned. 

THIRD PHASE: EVALUATE THE KNOWLEDGE GAPS 

This description of the case study and the interaction with foresters and civil society allowed us to 

build the map of the actors of this system and define the stakes (Fig. 2): externalities (global 

change and public policies); biological resources (in this case mainly forests and secondarily 

agriculture and urban green waste); products derived from these forest resources (industrial wood, 

http://parcduverdon.fr/fr/actualites/mobilisation-pour-les-forets-du-verdon-et-du-luberon
https://www.sauvonslaforet.org/petitions/959/uniper-veut-bruler-les-forets-francaises-a-gardanne
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energy mix, and timber), and the other services they offer (for instance, carbon sequestration, 

protection against soil erosion, water regulation, and supply); and finally the various actors (the 

state and the region officials, the forest owners, the competitors for the resources [Gardanne and 

Brignoles power stations, the small boilers, and the paper mill], the civil society, and the scientific 

community). 

From this map of the SES, it is possible to deduce a certain number of questions raised by the 

different actors. Then one of the roles of the scientists involved is to translate these societal issues 

into scientific questions. In some cases, a juxtaposition of the data is sufficient. In other cases, it is 

necessary to move forward on some scientific frontlines. Starting from our case study, we studied a 

number of scientific issues raised by the new power plant. 

Will PACA forests decline because of climate change? 

The evolution of resource availability in the future in the context of climate change is a first point to 

be addressed. Increasing CO2 can initially increase forest productivity (Saxe et al. 1998, Norby et 

al. 2005, Davi et al. 2006) and could even compensate negative effects due to temperature 

increase and water limitation by improving water-use efficiency (Keenan et al. 2013). However, 

this effect can stop quite rapidly (Norby and Zak 2011), in particular via the existence of other 

limiting factors such as nitrogen or ozone (Paoletti 2006) and it is usually admitted that forest 

productivity will decrease in water-limited environments (Allen et al. 2010). In the Mediterranean 

region, an increase in the duration and intensity of droughts may have the opposite effect and even 

cause massive decline (Carnicer et al. 2011, Cailleret et al. 2014, Davi and Cailleret 2017). 

Although studies on the evolution of wood resources have been conducted at large scales 

(Guillemot et al. 2014, Lindner et al. 2014), studies also have to be carried out at regional scales 

because of the diversity of situations resulting from the diversity of pedoclimatic conditions 

(Verkerk et al. 2015) and the diversity of uses (Verkerk et al. 2014) in the Mediterranean 

bioclimatic context (Garbolino et al. 2017). 

To estimate the evolution of different types of resources at this regional scale, it is necessary to 

have models of forest dynamics parameterized on each species of interest and which consider the 

effect of climate change. Current models do not sufficiently couple the components of growth 

(photosynthesis, respiration, wood growth) and those of demographic dynamics (reproduction, 

regeneration, and survival). To reach this goal, information on the main ecological traits for the 

different species such as growth, reproduction, drought tolerance, light requirement, is absolutely 

needed, but ecological databases are clearly lacking. To overcome these obstacles, plant 

physiology researchers must work more with foresters and managers to test different management 

scenarios that can sustain forest productivity in a climate change context. Scientific issues are 

mainly located in various ecological fields, e.g., genetics, ecophysiology, silviculture, plant 

dynamics, etc., and involve the use of computer simulations and the establishment of ecological 

databases. 

Which type of silviculture to mitigate global change? 

Forestry practices can change to mitigate global change (GC) impacts. This adaptation of 

silviculture is already widely debated within the forest community. Many measures have already 

been discussed: favoring the natural regeneration of stands by adapted silviculture treatments 

(Prévosto et al. 2012) and avoiding the detrimental effect of game on regeneration (Laurent et al. 

2017), choice of new species or varieties by assisted migration (Legay et al. 2015), shortened 

rotations (Loustau et al. 2005), reduced stand density (Cáceres et al. 2015) or use the interactions 

between forestry and genetic evolution (Lefèvre et al. 2014). 



Which adaptive measures will be really efficient in the Mediterranean is still unclear. For instance, 

replacing the current species using more drought-resistant material can be achieved by using the 

same species and more drought resistant provenances or by introducing new species. For this 

decision to be efficiently made, it is necessary to estimate the growth potential of exotic species 

and their provenances using the common garden in the appropriate climate. Experiments also have 

to be carried out to study the behavior of these species in field conditions, in particular the 

interactions with the resident vegetation and fauna. We must also accurately assess the risk of 

introduction of exotic species by better knowing the traits that lead a species to be invasive in our 

environment. The effect of rotational shortening or density reduction can be investigated 

experimentally (Gavinet et al. 2015, Guillemot et al. 2015). Dynamic models integrating water 

stress could complement these experimental approaches and should be used on species of interest 

in the Mediterranean region. The interactions between genetic evolution, climate, and silviculture 

are more difficult to study, but physio-demo-genetic models are beginning to be developed to 

study these questions (Oddou-Muratorio and Davi 2014). 

How to mobilize wood in a homogeneous way in a fragmented landscape? 

UNIPER’s supply plan is supposed to target forests within a radius of 250 to 400 km around the 

Gardanne power plant (Bourbon 2017). The accessibility of the resource is therefore a major issue. 

The efficient exploitation of forests depends not only on the existence of a sufficient quantity of 

resources, but also, and to a great extent, on their accessibility. The wood sector is poorly 

structured in the PACA region. The density and quality of the service road network conditions 

determine a part of the logging potentialities. It is noteworthy that in a review of current practices 

in logging operations in European mountains, Enache et al. (2016) showed that the lowest 

efficiency and the highest environmental footprint were reported for nonmechanized or obsolete 

harvesting systems while the reverse was true for fully mechanized and adapted systems. It must 

be noted that intensification of harvesting operations requires more powerful and efficient vehicles, 

which are also heavier and can negatively affect soil properties such as soil compaction leading to 

reduction of soil permeability, destruction of soil porosity, and modification of water retention 

(Cambi et al. 2015). However, this difficulty must be put into perspective. Indeed, if the price of 

wood increases, the construction of forest roads becomes more profitable. On the other hand, 

forestry companies can adapt to difficult conditions and develop techniques and equipment to 

extract wood in steep slopes areas. For instance, cable yarders are the appropriate extraction 

technology in steep terrain, but they require a well-developed road network (Enache et al. 2016). 

The mobilization of wood is thus made difficult by the fragmentation of the landscapes but also of 

the property division. 

Scientific issues are mainly located within the economic, geographic, and legal fields. We must 

determine what the economic and legal levers are that will allow the development of forest roads. 

It is also necessary to better study the impacts of overexploitation of forests in mountain areas 

with steep slopes. Finally, we must find the legal or social means that allow a more homogeneous 

wood mobilization between the different types of owners by avoiding clear-cut on the one hand and 

under exploitation on the other hand. To reach this goal, it may be necessary to adapt legislative 

and administrative rules. Science can also provide means of posteriori control of landscape 

evolution by developing tools to detect early disturbance signals. For example, it is possible to map 

the intensity of logging by remote sensing (Magnusson et al. 2008). 

How will other ecosystem services be affected by intensification of production? 

An uncontrolled production increase in the wood-energy sector can negatively impact biodiversity 

and other services provided by forests (Zhang et al. 2000, Deconchat and Balent 2002). However, 



in the Mediterranean region a regime of well-distributed, small harvesting will maintain local, small 

disturbances that can actually increase diversity. Studies have shown that the influence of forest 

management on biodiversity is contrasted among taxonomic groups; for instance, it is positive for 

vascular plants, but negative for saproxylic organisms (Bouget et al. 2012) and variable in time 

(see Paillet et al. 2010 for a review). It is noteworthy that intense logging is often detrimental to 

forest ecosystems because, for instance, of soil compaction, loss of nutrients through intensive 

wood harvest that can also alter soil fertility. The impact of harvesting on soil erosion and runoff is 

often discussed (Croke et al. 2001), even an experimental proof is not always found (Hartanto et 

al. 2003). They can also impact other economically important activities such as recreational activity 

and tourism (Gundersen and Frivold 2008). Finally, a positive or a negative interaction is also 

possible between the “wood energy” service and fire risks. On the one hand, forest activities are 

sometimes a source of wildfires (see Prométhée statistics, http://www.promethee.com/). On the 

other hand, higher wood use will lower biomass and fuel and decrease the risk of fire (Marino et al. 

2012). 

It is necessary to better evaluate all the ecosystem services provided by these forest ecosystems. 

This assessment requires work involving ecologists, soil scientists, geologists, hydrologists, and 

economists. Some theoretical work has already discussed the impacts of economic policies for 

wood energy sector development on forest resource (Caurla et al. 2013). However, studies are still 

few in this area and information is still missing. For example, the effect of public policies and 

demand scenarios (or shocks) on local wood resources, the forest sector, ecosystem services 

provision, and employment at a local scale and introducing a spatial explicit approach is missing; 

the evolution of wood market prices, supply and demand at different scales (from regional to 

global) according to the wood energy sector development is necessary. More generally, this type of 

economic research must also involve sociologists, because the price signal is not the only driver of 

choice for actors of an environment where habits can play an important role. 

DISCUSSION 

The establishment of UNIPER is politically very sensitive. This makes it difficult to produce an 

objective discourse. There could also be multiple conflicts of interest. For instance, the French 

National Forest Service (ONF) is a major player in forest management, through either direct 

management of state forests or the definition of management plans for other public or private 

forests. Nevertheless, the ONF is directly interested in the sale of wood to the wood energy sector, 

through its ONF energy subsidiary. Also, in the many reports produced by different actors, scientific 

references are very scarce. 

The relationships between science and society can be complex. When scientists interact with 

different antagonistic actors, they may be accused of being manipulated or in the service of one of 

the actors. It seems interesting for SES analysis, to work in a three-stage iterative phase. In a first 

step, we identify and gather the scientists who have relationships with the different protagonists. 

Analyzing the relationships between the scientists and the other involved parties allows us to 

identify the stakes and then the scientific and technical challenges. In a second step, the scientists 

work in an interdisciplinary way on these scientific challenges to identify in particular what is known 

(state of the art) and what are the knowledge gaps. Finally, in a third phase, reuniting the 

scientists with the actors, allows to broaden the work in a more transdisciplinary approach defined 

as a research approach that includes multiple scientific disciplines (interdisciplinarity) focusing on 

shared problems and the active input of practitioners from outside academia (Brandt et al. 2013). 

In a way, this iterative approach also helps to preserve the independence of scientific expertise on 

scientific challenges and limit power imbalances during the process (Norström et al. 2020) because 

some economic or political actors can have strong interests and distort the expertise. 

http://www.promethee.com/


The case study presented here rather concerns the second phase of this three-stage iterative 

process, because it is the one that was really organized and thought out in the framework of a 

dedicated project. In our case study, we answered three of the four challenges listed in the 

introduction: (i) we assessed the scientific knowledge and engineering needs for a proper analysis 

of the SES dynamics, (ii) we determined some technical obstacles, and (iii) we highlighted the 

scientific breakthroughs. But we did not evaluate the dynamics of SES following disruption. 

In the long term, it will obviously be necessary to move toward the third phase in a truly 

transdisciplinary approach to advance toward this last objective. But to be efficient, practitioners’ 

empowerment is necessary, which is rarely the case (Brandt et al. 2013). We believe that an initial 

synthesis of the scientific and technical issues by the scientists themselves (this publication and the 

different meetings before it) is likely to lay the foundations for true coconstruction of solutions 

based on boundary work (Nel et al. 2016), which may take the form of scenarios for the evolution 

of ecosystem services, for example. 

Scientific results particularly in the fields of ecological and socioeconomic sciences are usually 

complex and do not lead to simple responses. As a consequence, they often lack an operational 

translation regarding ecological transition and the sustainable development of our societies. This 

gap has at least three sources. The first is the lack of analysis concerning the real scientific 

obstacles that prevent us from responding to societal issues. In our case study, this is particularly 

true of forest ecology research on adaptation, dieback, and fire risks in the context of global 

warming and of multiple and sometimes contradictory demands on forest services. In both cases, 

the gap of knowledge concerns transfer tools rather than fundamental knowledge. The evolution of 

the fire (Moriondo et al. 2006) or drought risks (Xu et al. 2019), as well as the determinants of 

land use changes (Serra et al. 2008), are well documented. But, at present there are few or no 

operational tools for managers to take these risks and changes into account with the most recent 

fundamental knowledge. The second is the lack of interdisciplinary research on certain issues due 

to a traditional compartmentalization of science into disciplines. The third is the lack of engineers 

or researchers involved in applied research to do this type of work. This last aspect partly explains 

the lack of transfer tools between the fundamental knowledge used to project risks in the context 

of global warming and the tools used by managers to establish management plans. 

One way of formalizing the dialog among disciplines is through the use of “boundary concepts” or 

“boundary objects,” that refers to concepts or objects that are general enough to be apprehended 

by different actors (or disciplines), but specific enough to have their own meaning for each actor or 

discipline. For instance, “resilience” (Brand and Jax 2007, Baggio et al. 2015) and “ecosystem 

services” (Abson et al. 2014, Schleyer et al. 2017) have been analyzed recently in that regard. The 

use of the concept of “ecosystem services” is a good example. Considering the diversity of forest 

uses allows dialogue between different scientists working on soil erosion, carbon sequestration, fire 

risk, or forest production. But it also allows confrontation between actors with contrasted 

objectives: forest stakeholders more interested in forest production (e.g., some private forest 

owners), stakeholders involved in environmental protection (e.g., agents working in protecting 

areas) and ecological transition, who tend to focus on biodiversity preservation or carbon 

sequestration. In another project, we carried out this type of study bringing together the same 

different types of stakeholders to estimate the evolution of ecosystem services provision in a 

regional natural park and under different socioeconomic scenarios, one of them being the 

development of the Gardanne power station whose supply area includes the park itself (L. Tuffery, 

H. Davi, N. López-García, et al., unpublished manuscript). We have seen how seemingly 

irreconcilable differences in disciplinary backgrounds, concepts, language, and methodologies 

between the different actors can be overcome when discussions use the same metric to quantify 

ecosystem services. 



In contrast to the boundary approach, a large wealth of interdisciplinary research in sustainability 

science is done with problem-oriented, bottom-up approaches (Kates 2011) in which the issues 

themselves call for the disciplines required to address a specific sustainability problem. In this case, 

the link between the different actors does not involve the definition of a metric associated with a 

boundary concept, but the precise and interdisciplinary analysis of a concrete case study. This 

analysis requires the definition of stereotypes and concepts specific to each of the disciplines. The 

main risk involved with this approach is that it is not guaranteed that the different disciplines will 

dialogue efficiently. This risk can be overcome in a truly transdisciplinary stage that methodically 

ensures the pluralistic composition of the actors involved (Norström et al. 2020). 

A reverse engineering method as we have described it in this work is a way to formalize an 

interdisciplinary analysis of a given problem from a case study on a perturbation of an SES. We 

believe that this reverse engineering method described here can improve the link between science 

and society, overcome the scientific obstacles, and promote a true interdisciplinary work. In our 

case study, it enabled us to define an SES, to define the different actors of this system and the 

different societal and scientific questions related to it. We have shown that the obstacles to a better 

understanding of the effect of disturbance on the SES studied were both scientific and technical 

(database, modeling tools) and that they related to disciplines as varied as law, economics, 

sociology, climatology, soil science, ecology, and forestry. This bottom-up approach also helps to 

emerge the notion of “border tools” as process-based modeling. Nel et al. (2016) have shown how 

the production of maps integrating knowledge on the conservation of rivers and wetlands in South 

Africa allows for the coproduction of knowledge through boundary works. Similarly, discussion on 

producing simulation plans with process-based models and on their results (L. Tuffery, H. Davi, N. 

López-García, et al., unpublished manuscript), sheds light on how models can provide an 

interesting boundary tools as a basis for boundary works. 

Finally, we think that this pragmatic approach allows us to facilitate dialogue with the citizens and 

the different actors, and in this sense, helps to reopen the link between science and society. This 

method could be applied for the management of commons, on which scientific and technical issues 

are real obstacles and challenges in order to make the right decisions, for instance on land use 

choice between forestry, agronomy, and meadows. It could also be used to decide upon a forest 

management strategy in a region combining forest production, biodiversity conservation, hunting, 

recreational activities, and landscaping. 

Land use planning choices depend on the decisions of economic actors and political decisions that 

determine the legal framework and economic incentives. In order to make the most just decisions 

in terms of managing SES, it is necessary to avoid two pitfalls: (i) choices dictated by dominant 

economic actors who underestimate ecological externalities, (ii) choices made by civil society 

actors who may overestimate these same externalities. Interdisciplinary work by scientists whose 

objectivity is recognized by the various actors makes it possible to remove certain obstacles to 

optimize the management of SES. 
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