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re-grounding theories in empirical observations as well as questioning 21.

Ecology and Society -ES-2017-9952 (Version 2 of ES-2017-9302) 10 282. from different disciplines. Moreover, they also differed in their combinations of viewpoints and 283. goals as a result of their epistemological posture, revealing different possible use of ST 284. frameworks (Table 2 and Fig. 4). Table 2 synthetizes these studies according to items from 285. ontological analysis and/or from comparing them.

286. Fig. 4 : Position of the selected studies according to the social-economic, ecological, and 287. technological dimensions studied

The Gascony Hillside Forest Management Study

289. This study analyzed forestry practices in the Gascony hill country in southwestern France. In this 290. agricultural region, forest management provides pest regulation services and reduces farmers'

291. dependence on chemicals. The aim of the study, grounded in a vision of the AET at landscape level, 292. was to understand how standard management of a coppice (the main silvicultural system in the Gascony 293. region) could contribute to both sustainable agriculture and forestry. The SES Resilience approach 294. was used to describe the forest (both as a shelter, a support for biodiversity protection, and an 295. object of management) [START_REF] Deconchat | How to set up a research framework to analyze 725. social-ecological interactive processes in a rural landscape[END_REF]). Thus, the forest was conceptualized as an SES, 296. linking ecological functions and properties (biodiversity, population regulation, etc.) with social 297. dimensions (forest as a heritage site, as a production system, as product of practices, etc.). The 298. study focused on landscape management practices because they were seen as a link between social 299. systems and ecosystems. More precisely, the authors studied how several biodiversity patterns were 300. influenced to varying degrees by human practices (mainly logging) and natural factors (e.g., edaphic 301. conditions, dispersal).

302.

Various adaptations were needed in applying the Resilience approach:

1. First, at the epistemological level, the resilience framework was not completely adopted by the authors because they thought it would not provide an analytical basis for establishing nor testing their hypothesis (i.e. that forest management can contribute to biodiversity at the landscape level and limit the use of chemicals in surrounding agriculture). In general, they agreed it was not possible to use hypothetico-deductive reasoning in the Resilience approach when dealing with large-scale issues or landscape matters. According to the authors, this is due to the fact that (i) it is not possible to control all parameters described in this framework at a larger/landscape scale; and (ii) complexity makes it unsuited for revealing chains of causality (interlinks of direct and indirect effects). Instead, the Resilience approach was used in a more inductive and exploratory way to frame the interdisciplinary work among sociologists, geographers, landscape ecologists, and entomologists. This approach also facilitated agreements on the shared ideas underlying the study, e.g. acknowledging that social systems and forest ecosystems coevolve because the rules of Ecology and Society -ES-2017-9952 (Version 2 of ES-2017-9302) 11 management are co-determined.

2.

Second, the authors found that identifying multiple levels was not helpful when dealing with AET.

When considering the large scale, biodiversity management issues required taking into account multiple scales and the ways in which these scales were interconnected. In particular, specialized land-uses at local scales (e.g. forest or agriculture) may reveal a much more diverse patchwork at larger scales. In the Resilience framework, multilevel connections are conceptualized as hierarchical (see the nested adaptive cycle from the panarchy model). Therefore, it misses the effects of leaps across scales and patchwork effects. However, a greater plasticity in interpreting connections at various scales is important for plant biodiversity and is even more crucial for animal biodiversity as they are mobile.

3.

Third, ecological system thinking needed refinement. The study highlighted the importance of the fringes of different land-use areas and geographical units (e.g. edges of the woodlots or parcel rims) in which significant social-ecological issues arise. If we do not explicitly take into account fringe areas, we cannot truly understand how biodiversity operates as a link across various areas.

4.

Finally, social-economic system thinking was found to be too cursory. The study found that the rules conventionally accepted by ecologists in order to manage the forest and biodiversity in an ecologically rational way were not applied by the stakeholders, who kept doing as they had always done. Extensive ethnological research indicated that the 'less rational' management rules that forest managers chose for themselves were based on vernacular practices deeply rooted in systems of beliefs and modes of representation of the forest, e.g. as a heritage site in which socio-cultural characteristics are embedded, rather than as capital to be exploited. The authors noted that researchers need to consider the effects of confronting the regulation system with the belief system, as the latter is considered irrational from an ecologist's perspective. 

The Pays de

344.

Diverse limitations emerged with the COMMOD methodology as an IAD approach of SES:

1.

First, whereas ecological system thinking and technology seem to be integrated, the AET Ecology and Society - ES-2017-9952 (Version 2 of ES-2017-9302) 13 adaptive management of the SES. This was the case with regards to specific agronomic practices (crop rotation, cover crops) and the infrastructure needed to prevent soil run-off (grass strips, rainwater collection reservoir), as well as the economic trade-offs at stake. The initial design of the conceptual model played a key role in the COMMOD methodology, questioning both the nature of the "ecological knowledge" included in the conceptual model and the way it was built and experienced by stakeholders [START_REF] Folke | Resilience: the emergence of a perspective for social-ecological systems analyses. 744[END_REF].

2.

Second, the outcomes of the role-playing game largely depended on the ability of the research team to pre-identify potential sources of conflict and power relations and to involve the various key stakeholders in solving the ecological issues identified. Without accurate pre-identification, the solutions identified during the role-playing game may not be effectively implemented in the field if barriers to their implementation have not been removed.

3.

Third, the multiple levels of time and space and their interconnections remained challenging. Over time, the authors identified a number of issues in maintaining a shared collective and spatial representation of erosion problems. This was especially true as the context involved changes in 

372.

However, the researchers had to address some shortcomings of the MLP approach:

1. First, MLP does not give enough attention to social or organizational innovations, which were decisive in the Biovallée agroecological transition. Whereas MLP primarily focuses on technological innovation and considers that niches can influence the regime by selection through technological competition, the researchers also included social innovations in their study in order to capture the complex process of AET in this area.

2.

Moreover, this study found that niches were not in competition as would be expected from MLP.

Rather, the transition involved diverse niches that coexisted and interacted with the regime (separately or together). These different initiatives were able to influence the regime because each of them affected several (different) components of the territorial agrifood system (farming practices, processing, retailing, consumption practices, extension services, research), even though each initiative may have significantly affected only 1 or 2 components.

3.

The third and probably most important point deals with one of the main criticisms of the MLP approach, i.e., the fact that it neglects power relationships. 

15
using Actor Network Theory to study enrolment processes and alliances. They showed that in Biovallée, AET was made possible because alternative actors progressively gained more influence (especially with the local authorities), which resulted in redefining power relationships within the territorial agrifood system, especially between mainstream and alternative agricultural actors.

373.

In sum, this study showed that transition processes did not result from technological innovation 374. developed within niches, but rather from various initiatives that generated social innovations and 375. through a profound redefinition of the visions and the power relationships, which were territorially 376. grounded.

The French Legumes Agrifood Study

378. This study analyzed the legume agrifood chain (from production to distribution) in France (Magrini 379. et al. 2016). Though legume crops can contribute to AET through the nutritional (protein) and Ecology and Society - ES-2017-9952 (Version 2 of ES-2017-9302) 16 instance, they can be designed to provide, justify, and support the provision of agronomical services (e.g. using legume as an intercrop or as a service-plant for nitrogen fixation). This required a broader understanding of the variables through which niches influence regimes than the ones offered in the MLP framework (and not only technological).

2.

Second, this framework overlooks power structures and relations. This study presented a case in which regime actors themselves designed technical innovations to supply "niche markets." These mainstream actors had both the network connections and the power to support niche actors in organizing or in providing them with resources. They also had the capacity to influence the norms, the institutional settings, and the modes of regulation that formed the landscape level. Yet the MLP framework does not explain these influence relationships between regime actors, niche actors, and the institutional landscape (e.g. through lobbying).

3.

Third, implications of the ecological system's functioning are not thoroughly explored. For the authors, MLP reduces the 'ecological system' to a biological support for technological innovations (e.g. getting the protein out of legumes) in a very restrictive way.

4.

Finally, the ways in which the framework links together multiple levels was not helpful when dealing with AET. Small networks of actors alone cannot explain how nor why niches and regimes become compatible and coevolve. The authors felt it was important to understand the nature of the regime as well as its constitutive elements (e.g. a particular market or outlet, or a type of quality certification), because they are points of anchorage between niches and regimes.

398.

In that respect, the authors found that MLP incompletely describes the ways in which the levels 399. presented in the framework -niches, regimes, and the landscape -are connected. This, in turn, has 400. implications for the missing variables to consider, which determines the form and the boundary of 401. the socio-technical system at hand.

Concluding remarks on study outcomes

403.

In this section, we address the critical points identified in these studies in their use of ST 404. frameworks with regards to AET. By examining the practical implementations of these frameworks in 405. actual situations, these four studies deepen our understanding of the interrelations of 406. social-economic, technological, and ecological factors in AET. Table 2 summarizes the key aspects in 407. each study, especially the research questions addressed, and some ontological items found in Table 408. 1: the time scale and contours of the system, the underlying models of change and multilevel 409. conception, and specifying the technological, social-economic, and ecological system. to some privileged dimensions of the ST frameworks used and to the authors' discipline and 414. epistemological posture. In each case, we observed that ST frameworks had to be adapted to AET 415. situations in order to become heuristic and operational. At a more general level, there is a need 416. for the majority of AET case studies to ground their analyses at micro-levels, i.e. territories, 417. individual mental models, actions, and interactions, as well as grounded collective actions.

418.

A number of caveats remain with these studies, suggesting the need for a better understanding of the 419. underlying models of change and their drivers. The STT studies show that we must deepen our 420. understanding of lock-in regimes, of niche-regime and landscape-niche interrelations, as well as the 421. role of conflicts and power relations and changes in rules and practices. In SES studies, designing 422. relevant conceptual models remains complex, thereby imposing limitations on their replication and 431. modelling of social-economic systems, and the representations of the ecological system also need to 432. be re-examined. Moreover, beyond taking into account resources as limited, the way to integrate 433. ecological aspects remained a key issue in all these agroecosystem studies.

434.

More generally, this examination of actual uses clearly showed that both the discipline of the 435. researcher and the epistemology chosen were determinant for how these frameworks were used, as well 436. as for their limitations. This illustrates how difficult it is to address the multiple aspects 437. involved in the AET while also combining STT and SES in an integrated framework. Ecology and Society -ES-2017-9952 (Version 2 of ES-2017-9302) 37 
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  people and society (a farmer's retirement, resignation of watershed managers, elections) and in farming practices. This in turn affected the efficiency of the solutions identified in different time frames, as well as their possible extension to a larger geographical scale across multiple interdependent watersheds with different water supply agencies and local authorities. The underlying model of change within the SES was incremental, addressing the micro-situational variables affecting farmers' decision-making and local patterns of collective action. Pre-analytical choices might have meant the silencing of radical change within the socio-agro-ecological systems, through the interactions among social-economic, technical, and ecological aspects. Instead, local actors were left free to individually and collectively negotiate and decide on the solutions they wanted to implement. Nevertheless, path dependencies imposed by the broader social-economic, institutional, and political context were not challenged in modelling the SES and its sustainability over time. 345. The Biovallée Study 346. This study examined the development of organic farming (OF) in the Drôme valley, a mountainous 347. rural area in southeastern France. Due to the diversity of local farming systems (field crops, 348. seeds, fruits, garlic, goat, sheep, aromatic and medicinal plants, vegetables and wine), there is 349. little intensive use of chemicals in this area's farms, except in the flat valley area. This region 350. was one of the birthplaces of organic farming in the 1970s in France. In the early 1990s, the area 351. was affected by rural exodus, lack of competitiveness, and agricultural crises. OF then became a way 352. to sustain local agriculture. According to stakeholders, local policies were implemented in order to Comment citer ce document : Ollivier, G., Magda, D., Maze, A., Plumecocq, G., Lamine, C. (2018). Agroecological transitions: what can sustainability transition frameworks teach us? An ontological and empirical analysis. Ecology and Society, 23 (2), 18 p. , DOI : 10.5751/ES-09952-230205

  380. ecological (nitrogen fixation) benefits they provide, their cultivated areas in France are 381. decreasing. The MLP approach was used to examine how to revive legume crops. This framework was 382. considered adequate for describing the problem at hand: how can a beneficial although marginal crop 383. emerge from organizational or technical innovations (e.g. extruded protein for livestock 384. alimentation, or legume-durum wheat pastas)? MLP was also used as a heuristic framework to 385. facilitate interdisciplinary research: economists and agronomists agreed on the elements involved in 386. the transitions described in MLP. As the study progressed, however, it became clear to the authors 387. that understanding how to revive this crop required analyzing why it had decreased in the first 388. place and the factors that locked legume crops in a marginal position. The authors thus decided that 389. a more in-depth examination of the historical processes leading to this lock-in was necessary. In 390. this respect, the MLP proved to be relatively insufficient, because it does not fully clarify how 391. socio-technical systems become locked-in. Therefore, as the research moved toward examining these 392. lock-in mechanisms, the authors drew more on evolutionary economics, in particular Arthur (1989),393. and the notion of anchorage (of niches within regimes).394.In the kind of AET analyzed in this study, the emergence of niches and their evolution played a 395. significant role. In the MLP, niches are perceived as places where innovation takes place, which can 396. change the course of a socio-technical regime. For this reason, the authors of this study were 397. limited in their use of the MLP framework in several different ways.1.First, in MLP, emphasis is placed on the role of technological innovations, but tends to neglect other kinds of (social) innovation. Innovations require networking the actors and organizing collective action. Yet forms of social organization may also be considered as innovative; for Comment citer ce document : Ollivier, G., Magda, D., Maze, A., Plumecocq, G., Lamine, C. (2018). Agroecological transitions: what can sustainability transition frameworks teach us? An ontological and empirical analysis. Ecology and Society, 23 (2), 18 p. , DOI : 10.5751/ES-09952-230205
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  scale extension(Etienne 2014, Janssen and Ostrom 2006). Another major challenge involves the need 424. to move away from a static vision of the grammar of rules to better understand institutional 425. dynamics and their causality in polycentric governance systems[START_REF] Mcginnis | Social-ecological system framework: initial changes and 829. continuing challenges[END_REF]. While AET 426. is often viewed exclusively through the lens of technological innovation, these studies also 427. highlight the key role of social and institutional innovations in supporting such transitions. Given 428. the diversity of possible interpretations of agroecological goals, understanding the socio-political 429. debates around transition objectives and paths has to be part of any research on the subject. We 430. found that the relative weight given to technology and technical agricultural practices, the
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 1234 Fig. 1. Resilience Thinking representation of SES dynamics: a) ball and cup heuristic of the stability landscape and b) panarchy model of adaptive and resilient change (adapted from Gunderson and Holling 2002)
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	313. Using the COMMOD methodology had two aims. The first was to push stakeholders to establish a clear,
	314. realistic, and agreed-upon vision of possible changes in situated contexts through a visioning and
	315. anticipating exercise. The second objective was to help a diverse group of stakeholders with
	316. multiple and conflicting views work together. The goal was to foster collective decision-making by
	317. allowing the participants to assess the collective effects of individual decisions and of neighborly
	318. relationships on problems of soil run-off in a large cereal-growing area. The authors built a
	319. conceptual model of the Social-Agro-Ecological system used during the role-playing game by drawing
	320. on recent advances in soil science and agronomy as well as social, economic and political inputs and
	321. related ecosystem variables (Ostrom 2009).
	322. The role-playing game (RPG) presented a watershed area. Three farms were located there. The outflow
	323. of their water catchment was located in a built area of a village. The spatial grid was 400 m²
	324. per pixel and included all the parceled plots of the three farms. A three-crop rotation system was
	325. applied for each land plot with wheat, potatoes, and peas. Depending on the crop management
	326. sequence, different levels of soil run-off were modeled (for example, for rolled and non-rolled
	327. peas). The price was fixed by the cooperative. As rolled peas are considered 'greener', they were
	328. given a price premium. The computing simulation model then calculated the transfer of run-off from
	329. one land plot to another at a lower level. Depending on the volume of run-off observed, technical
	330. solutions (change farmers' crop management sequences or install hydraulic infrastructure such as
	331. grass strips or rainwater collection reservoirs) or economic solutions (taxes for bad practices,
	332. financial compensation for good practices, etc.) were designed. Six people participated in the
	307. subject to erosive phenomena involving episodic deathly muddy floods, as well as pollution of the
	308. water supplied to surrounding large cities. The study sought to find ways to improve territorial
	309. organization to better manage erosion and soil run-off through an agroecological perspective. To
	310. this end, the authors used companion modelling (COMMOD) methodology grounded in Ostrom's SES
	311. approach (Etienne 2014), using Multi-Agent Modelling and Role-Playing Games (Janssen and Ostrom
	312. 2006).
	Comment citer ce document :
	Ollivier, G., Magda, D., Maze, A., Plumecocq, G., Lamine, C. (2018). Agroecological
	transitions: what can sustainability transition frameworks teach us? An ontological and empirical
	analysis. Ecology and Society, 23 (2), 18 p. , DOI : 10.5751/ES-09952-230205

. This study analyzed the management of soil run-off at the watershed level in the northwest European 305. belt region (Pays de Caux, Normandy, France)

[START_REF] Souchère | Co-constructing with stakeholders a role-playing game to initiate collective management of erosive 879. runoff risks at the watershed scale[END_REF]

. This region is one of 306. the most productive agricultural areas of France with highly specialized crop systems. It is also

333. role-playing game. It started with the co-construction of a conceptual model from the knowledge they 334. acquired in education programs on soil erosion. In a second phase, the game followed a two-step 335. sequence: first defining crop management rotation over a three-year period at an individual level, 336. and then modifying decisions after concertation and negotiation.

  

	337. The social-economic system was represented by the different relevant stakeholders needed for
	338. preventing and resolving soil run-off: the farmers located in the watershed, the watershed technical
	339. manager, the representatives of local public authorities (village, city, large metropolis), NGOs
	340. (consumers), landowner unions, an agricultural council, and the river basin agency. All of these
	341. stakeholders defined the action arena modeled during the cooperative role-playing game. The model
	342. was first tested in a small area before changing scale and being applied to other watersheds in the
	343. river basin, thus covering a larger geographical area.

  turn this "hinterland of productivism" into "a pioneer of the quality turn."Between 2009 and 2014, 354. the four communities of towns in the valley implemented a public program named Biovallée to 355. boost sustainable development. This strategy involved linking several domains in technology and 356. ecology, such as eco-building or farming and food, which were key areas for action.357.The study examined the factors that fostered OF and the extent to which this transition process 358. involved several components of the region's agrifood system; i.e., not only farming practices, but 359. also processing, retailing, consumption practices[START_REF] Bui | Pour une approche territoriale des transitions écologiques[END_REF][START_REF] Lamine | Changer de système»: une analyse des transitions vers 819. l'agriculture biologique à l'échelle des systèmes agri-alimentaires 820[END_REF]). The analysis was partly 360. based on the MLP framework used to study the AET mechanisms. Following the evolution of public 361. policies over the last four decades, as well as several key initiatives launched by the local
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362. agricultural cooperatives and by diverse actors within the local civil society, the study uncovered 363. changes in the visions of and the rules within the agrifood regime over time. The study found that 364. OF progressively became an option on which the diverse actors in this territorial agrifood system 365. converged, although in two different paradigms: one outside the regime (the paradigm of radical 366. ecologization, endorsed by civil society actors), and one inside it (an ecological modernization 367. paradigm endorsed by more conventional economic stakeholders such as the cooperatives). Both 368. paradigms were also supported by local public policies. The study thus showed that AET at the scale 369. of a territorial agrifood system resulted from a combination of private and civil society 370. initiatives and tailored public policies, which in turn, led to a further legitimation of both 371. ecologization paradigms.

Table 2 : Comparison of agroecological transition studies 412.

 2 Table 2 highlights the variety of AET situations and of the ways they are conceptualized according 413.
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Table 2 410. highlights the gaps and limitations of the ST framework used to analyze each AET situation. Comment citer ce document : Ollivier, G., Magda, D., Maze, A., Plumecocq, G., Lamine, C. (2018). Agroecological transitions: what can sustainability transition frameworks teach us? An ontological and empirical analysis. Ecology and Society, 23 (2), 18 p. , DOI : 10.5751/ES-09952-230205

Table 2 .

 2 Comparison of agroecological transition studies

		Forest Management	Erosion Caux	Biovallee (Drôme)	Legume Crops
		(Gascony hills)	(Normandy)		(France)
	Framework used	SES (Resilience)	SES (IAD)	STT (MLP)	STT (MLP)
	Research question	How to improve forest			
		management by			
		implementing innovative			
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