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Abstract: This paper is the continuation of the one published in Pastos y Forrajes, no. 1, 2016, in which the 
general bases of a selection of currently internationally available methodologies for the dynamic 
evaluation of production systems, are offered. This part describes the methodologies Integral 
Energy Evaluation (EMERGY) and Systems’ Trajectory; and also a concrete example is pro-
vided of the application of the principles of these methods in the construction of an integral 
evaluation model of farming systems, called GAMEDE.
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Integral Energy Efficiency (Emergy)
Emergy is the methodology that refers to the 

total quantity of useful energy of a certain type, 
which has been directly or indirectly used in the 
necessary transformations to generate a product 
or service (Odum, 1996). For such purpose, the 
quality of the different forms of energy from such 
resources as sunlight, water, fossil or mineral fuels, 
work, etc., is taken into consideration, and in fact 
measured (fig. 1). The measure unit is the emjoule 
(emJ); which refers to the useful energy of type 
‘X’, which is consumed in the transformations that 
occur in the natural, ecological or human systems, 
and which has a certain capacity to perform work. 
The recognition of those «quality» differences is a 
key concept in this methodology, which allows the 
evaluation of the use of all the resources consumed 
in a given system, with different possible analysis 
boundaries, through the quantification of the diverse 
energy sources that participate in a process and the 
counting of the input, circulating and output flows 
of each unitary source. This method seems to have 

advantages with regards to others that also analyze 
the energy efficiency at different levels, such as, 
for example, the Energy Analysis or the Ecological 
Footprint (Vigne et al., 2012).

Such method responds to the first mention of 
the energy hierarchy principle and states that «the 
quality of energy is measured through the energy 
used in transformations» from a type of energy to 
the next. These energy quality factors have also 
been represented in terms of fossil fuels, and have 
been called Fossil Fuel Work Equivalents (FFWE), 
whose approximate equivalence is of one kilocalorie 
of fossil fuel or around 2 000 kcal of sunlight.

The theoretical and conceptual bases of the 
emergy methodology are found in thermodynamics, 
the general system theory (Von Bertalanffy, 1968) 
and the system ecology (Odum, 1983). To understand 
the history of this theory, two publications should 
be consulted: Maximum Power (Odum, 1995) and 
Environmental Accounting (Odum, 1996).

Vigne et al. (2013) applied Emergy to compare the 
energy efficiency of cattle milk production systems, 
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under contrasting socioeconomic and edaphoclimatic 
conditions. The starting point was considering the set 
of energies present in the system, to calculate their 
conversion effi ciency in the implied processes of 
interest (for example: biological, production processes, 
etc.). The evaluated systems were: a) low-input system 
in southern Mali (Africa), b) and c) systems with 
moderate utilization or little dependence on external 
inputs  in two regions of France (Poitou-Charentes and 
Brittany), and d) high-input system in Reunion Island. 
The results of this study showed that the system in 
Mali used the lowest total quantity of emergy at all 
levels, and it was the one with the highest utilization of 
renewable resources and energy. The study allowed to 
identify remarkable differences in the transformation 
effi ciency of the available resources and the respective 
impacts on the environment.

On the other hand, Martin et al. (2006) analyzed 
three agricultural systems from the United States 
and Mexico, in order to compare the utilization of 
resources, productivity, impact on the environment 
and global sustainability. These authors acknowledged 
the usefulness of Emergy to transform the different 
types of energy into a common form (solar energy 
equivalents) and allow the useful comparisons among 
diverse and contrastable systems.

Similarly, the use of this methodology allowed 
to question public policies and strategies in China, 
which were aimed at substituting the rice produc-
tion at national level by vegetable production (Lu 

et al., 2010). It was proven that this decision would 
be justifi ed, only, by economic reasons (capital inputs/
outputs) and at short term; but never by reasons with 
an integrated (environmental, renewable energy 
use and economic) approach and with long-term 
strategies.

Likewise, Rótolo et al. (2007) used the Emergy 
approach to evaluate the cattle grazing system 
in the Argentinean Pampa, globally, in its 
environmental and economic context. The study 
showed that rainfall contributed with 61 % of 
the total emergy of the grazing system. The 
natural pastures showed 85 % of dependence 
on renewable resources, and less than 4 % with 
regards to the imported inputs in the system. 
On the contrary, the planted pasture and the 
corn depended on 41 and 35 %, respectively, of 
the externally acquired (purchased) resources. 
In general, it was observed that the grazing 
system in this region is sustainable from the 
environmental point of view, with low impact on 
the environment. Nevertheless, with this analysis 
it was proven that in the core of the global system 
there are subsystems in which cattle grazing 
depends, to a large extent and with regards to 
certain stages of its cycle, on external inputs, 
as well as on non-renewable resources, but in a 
moderate way. Natural pastures showed the best 
environmental sustainability, mainly due to the 
scarce losses of organic matter from the soil.



Pastos y Forrajes, Vol. 39, No. 2, April-June, 75-82, 2016 / Methodologies for evaluating farming system	 77

Systems’ trajectory. Why analyzing it?
The analysis of systems’ trajectory is justified 

by considering three key elements of the system ap-
proach (Le Moigne, 1990). Firstly, the fact that sys-
tems are transformed in time. Analyzing a farming 
system means, above all, studying its function in a 
given instant t, or along an annual cycle, such as, 
for example, through the use of methodologies like 
the Ecological Network Analysis (ENA) or Emer-
gy, which can examine the behavior of the flows 
accumulated during a period. Secondly, the trans-
formations of the system structure and the evolu-
tion of its purposes, goals or long-term objectives 
(for example, in a period of several years), should 
be evaluated.

On the other hand, an agricultural system 
should be considered as an open system, capable of 
making changes as response or anticipation to the 
evolution of its environment (climate, market, etc.) 
or to disturbances that affect the farms of a region 
or territory at a given moment. The changes can 
also be considered responses to events occurred 
within the system (for example: evolution of the 
family and the labor), which in turn affect the 
farms at different moments of their life cycle. 
From these analysis elements, pertinent issues 
arise, such as the perenniality of the systems or 
their capacity to last and maintain their structure 
and purpose, amidst an uncertain and constantly 
evolving environment.

In addition, agricultural systems are managed by 
individuals or communities, which implies stating the 
hypotheses: i) of limited rationality, that is, farmers 
have their reasons to do what they do, and ii) of adaptive 
behavior (Brossier et al., 1997), that is, farmers make 
decisions depending on the information they have 
(which can be incomplete), and on the purposes they 
assign to their systems, amidst a series of limiting 
factors. This rationality can emerge from an economic 
perspective: farmers choose the activities and ways of 
producing, according to their interests and their means. 
Their decisions can also respond to another series of 
cultural or social factors, mainly. The above-stated 
facts refer to the issue of the sense given by farmers 
to their action, according to their own points of view 
(Darré, 1996).

Thus, the trajectory analysis of agricultural 
farms allows to evaluate the changes and 
transformations performed by their main actors, 
amidst an often uncertain and constantly evolving 
environment. This study is comprehensive, because 

it is about: i) understanding the reasons that cause 
change (or resistance to change), ii) characterizing 
the sense given by farmers to their behaviors, iii) 
identifying the conditions under which farmers 
adopt other production ways, and iv) understanding 
how farmers act in an uncertain situation.

The objective of such comprehensive approach 
is to propose new evolutions, in coherence with the 
farmers’ situation; in this sense, the works carried 
out by Napoléone and Chia (2010), related to the 
coordination among actors around the seasonal 
variation of goat milk production in a certain region; 
or the works conducted by Ryschawy et al. (2013), 
about the strategies to maintain agriculture-livestock 
production systems in a territory. This approach 
also intends to motivate the reflection of the actors 
of the productive chain on their actions or decision-
making, so that they modify their representations 
of the situation and its dynamics (Pluvinage and 
Moulin, 2007), or even evaluate the sensitivity or 
soundness of their systems (Nascimento de Olivera, 
2014).

What methods should be used to analyze 
the systems’ trajectory?

According to Teno et al. (2013) there are 
four large groups of methods to evaluate the 
systems’ trajectory. The first one is composed by 
the monitoring of the farms, which is organized 
by research institutions (for example: INRA in 
France; Benoit and Laignel, 2011); the monitoring 
of technical support (for instance: the Limousin 
Cattle Breeders Network –Réseau d’elevage 
bovin Limousine–, 2012); and the monitoring of 
development, such as the Enterprise for Textile 
Development of Mali –Compagnie Malienne pour 
le Développement du Textile– (Sanogo et al., 
2010). Such monitoring allows an annual record of 
databases, structures and socioeconomic results. 
This method is reliable, because it allows the 
collection of numerous quantitative data. However, 
as it focuses on the analysis of the changes that are 
occurring and their impacts, it requires many years 
(5-10 as minimum) before being ready to analyze 
the trajectory made by the system in question. 
In addition, this methodological approach needs 
important means to put farm monitoring into 
practice: the samples that are selected should be in 
a range of around 20-30 farms, with much collected 
data (monitoring with research objectives), or 
up to 200-300 farms, with a more restricted data 
volume (of the monitoring-evaluation type, in the 
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framework of the objectives of local development 
or support structures, technical advisory).

The second method is based on the planning of 
instantaneous surveys to a relatively large sample 
(50-200 farms), which facilitate the characteriza-
tion of the diversity of farms in a certain instant t. 
The surveys are applied from five to ten times in the 
same samples, in order to have a new status of the 
farms at a moment t + 1. The comparison between t 
and t + 1 allows to reconstruct the trajectory of the 
farms between two certain dates (García-Martínez 
et al., 2009; Dai, 2010; Ulrich et al., 2012).

For example, to analyze the factors of 
pastureland degradation in two communities of 
eastern Amazonia, Navegantes-Alves et al. (2012a) 
used data from surveys made in 2003 and repeated 
in the same farmers (n = 53) in 2008. This allowed 
to identify stable trajectories, because the systems 
showed little evolution in their structures and their 
functioning; as well as farms that had followed 
evolution trajectories towards other system 
modalities (for example: cattle-specialized or 
diversified systems), that is, fluctuating trajectories, 
without a well-defined orientation (table 1).

The analysis of the pastureland management 
and the vegetation status showed that, with the 
same management regime (for example: continuous 
grazing or slow rotation), the invasion of weeds was 
lower in the case of farms with stable trajectories; 
the stability of the medium-term management 
practices, seemingly, was a favorable factor from 
the point of view of the vegetation balance. This 
method equally observes the changes that occur 
in a given period, which requires to wait several 

years before being able to analyze the medium-term 
technologies. Based on the surveys during more 
spaced time intervals, this methodology allows 
to work with large samples, for which it can be 
extended up to several hundreds of farms.

The other two methods are based on the 
application of retrospective surveys, which allow 
to re-constitute the history of the farms, through a 
call to the memory of the farmers and actors closer 
to the farm. Both are differentiated by the type of 
data collected. The first proceeds so that the status 
of the farms is explained at regular time intervals 
(for example: every five years), based on a list of 
quantitative (area, herd, etc.) or qualitative criteria 
(presence of extra-agricultural acivities, social type 
of the family, etc.). With the use of this method, 
Rueff et al. (2012) described the evolution of eleven 
variables, since 1950 until 2003, for the case of 
24 farms of five municipalities of the Pyrenees in 
France. The statistical analyses used in this and 
other examples, and emerged from disciplines such 
as ecology (Dolédec and Chessel, 1987), allowed 
to characterize the evolution a posteriori and 
construct trajectory typologies.

In the case of the second method, making 
retrospective surveys is the basis that allows to 
identify the events occurred since the beginning 
(Moulin et al., 2008). From the knowledge of the 
history of the farm, through a good location in 
time of each of the events and changes occurred, 
the connection points among them are established 
(a change in a certain date causes another later 
change) or to the events or evolutions occurred in 
the environment of the farm.

          Table 1. Farms’ trajectory in two communities of Eastern Amazonia between 2003 and 2008, after a  
                       colonization process between 1985 and 2000.

Number 

Stabilized
Trajectory

Variable
 Trajectory

Specialized Diversified Towards  
specialization

Towards  
diversification

Fluctuating

21 5 14 4 9
Herd size
    (head)

2008 46 62 34 19 31
2003 51 76 43 8 15

Pasture surface
    (ha)

2008 39 74 17 18 33
2003 41 78 41 21 22

Forest area
     (%)

2008 13 15 45 20 16
2003 10 14 20 17 16

         Source: Navegantes-Alves et al. (2012a).
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Likewise, the analysis of the farm history 
allows to differentiate periods, through which 
coherences are identifi ed among the structure, 
the functioning and the objectives of the family, 
by means of which gradual changes could have 
occurred, without questioning such coherence (fi g. 2). 
Among those periods deep transformations that 
affect the system can be detected, allowing to go 
from the analysis of one coherence to another, in 
a more or less long period of time (from 1 to 3-4 
years. Thus, the analysis of a set of trajectories 
of livestock production farms allows to construct 
typologies of trajectories or make transversal 
analyses in a specifi c topic.

Taking such method into consideration, Morin 
et al. (2007) identifi ed three types of trajectories of 
cattle production, which guaranteed the local milk 
demand in the market of Ségou city (Mali). On the 
other hand, Moulin et al. (2004) studied the factors 
that infl uenced the elimination of the tensions that 
were produced, for example, when the stocking rate 
was not increased and the herd size was increased.

The two above-described methods can be 
frequently articulated, which facilitates the 
complementation of the approach per statuses with 
the performance of complementary interviews, 
which make emphasis on events detected in the 
analysis of the stage changes (Ryschawy et al., 
2013). The approach per event would allow the a 
posteriori reconstruction of the status evaluations 

at regular time intervals (Morin et al., 2007). These 
retrospective methods (developed in France) have 
been used in many contexts, in France (Madelrieux 
et al., 2015) as well as in other countries (Coulibaly et 
al., 2007; Navegantes-Alves et al., 2012b). However, 
they show two main diffi culties. Above all, the fact 
that they are based on the farmers’ memory, with 
all the justifi cations and judgments this involves, 
which demands a posteriori rationalization in the 
exercise of interpreting the results, depending 
on the changes occurred. On the other hand, the 
surveys are performable only in farms that still 
exist. Although it is true that the investigation of 
the factors that determine the perenniality of these 
farms is possible, these methods do not allow to 
work or study about the factors and conditions which 
have determined the disappearance of other farms. 
Nevertheless, the great advantage of these methods 
is that they allow to research the trajectory, from 
the surveys conducted in the fi eld, in a reasonable 
time period (for example: a few months).

Integral system evaluation: the example 
of the gAmEdE model

In order to explain the practical validity of 
ecological intensifi cation as a way to harmonize the 
objectives of local development, food security and 
environment protection, in a context of exponential 
growth of the world population and thus, of food 
demand, Vayssières et al. (2011) applied integrated 
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participatory modeling techniques to accompany 
local decision-making policies. These authors, 
with a systemic approach, dealt with concepts at 
different levels and made emphasis on the farm 
scale. For such purpose they used the GAMEDE 
tool, which is an integrated analysis model of the 
farm, conceived and developed with these aims 
(Vayssières et al., 2009a, 2009b).

Such model is an example of the application of 
the principles and concepts that are approached in 
this paper for the specific conditions of a territory 
or locality (in this case, Reunion Island). The con-
text variables, in detail; the dynamics of the main 
biophysical and decision-making processes which 
affect the use of labor; the margins of economic 
profit; as well as the nutrient and energy flows at 
the level of a series of farm typologies, are taken 
into consideration.

The analyses with the use of GAMEDE intend 
to further study the possibilities of optimizing the 
ecological and natural processes, to improve the 
efficiency of production; for example, through the 
promotion of integrated agriculture-livestock pro-
duction systems and the companionship of policies 
that catalyze their development, by means of a bet-
ter understanding of the implicit dynamics.

The fact that these models integrate the set of 
implicit compartments in the system, at different 
levels, allows to couple different methodologies. 
Thus, without stopping the use of GAMEDE, for 
example, further studies could be conducted on 
the efficiency of energy utilization with the Emer-
gy methodology, or ENA if it is about the nutrient 
flows (Álvarez et al., 2014), or the studied systems’ 
trajectory could be taken into consideration.

Conclusions
The methodological tools approached in this 

paper undoubtedly contribute to the development 
of an immense range of methods interested in the 
research of the dynamics of farming systems. Their 
implementation allows great flexibility to respond 
to two of the most important challenges faced by 
researchers at present: 1) the need to put into prac-
tice a multidimensional evaluation of farming 
systems (the dimensions refer to the organization 
levels –from family to society, in a country or at 
global scale–, but also to the economic, social and 
environmental dimensions that affect the system 
functioning). The combination of these tools offers 
a variety of perspectives about the systems, which 
contributes to identify synergies and antagonisms 

among such dimensions; 2) the identification of the 
key determinants for the conception and diffusion 
of the most interesting systems to face the global 
changes and challenges of present times (demo-
graphic growth, erosion, desertification, climate 
change, etc.). The research for the conception of 
new systems and their diffusion can be supported 
by the use of these tools to understand the current 
and future socioeconomic functioning logics and 
design new systems with the participation of all the 
actors implied in the chain.

Such flexibility in the possibilities to use these 
methodological tools is translated into the availability 
of an immense range of methods, which increases the 
rigor and richness of the analyses of complex systems, 
independently from the proposed objectives and 
from the edaphoclimatic and socioeconomic 
conditions in question.

Acknowledgements
This paper concretely synthesizes a collective 

reflection carried out within the framework of 
the collaboration between the Mixed Research 
Unit SELMET (INRA-CIRAD-SupAgro, France) 
and the Research Station Indio Hatuey –EEIH– 
(University of Matanzas, Cuba). This reflection was 
materialized with the organization of the training-
course «Methodological advances in the evaluation 
of agricultural and livestock production systems», 
taught to around thirty local researchers in May, 
2015, at the EEIH. The authors thank the financial 
support of the French Embassy in Havana (Scientific 
and University Cooperation, Cooperation and 
Cultural Action Service) and of the Agriculture 
Academy of France (Dufrenoy Research Award); 
as well as the group of researchers of Indio Hatuey, 
especially Maybe Campos, Wendy M. Ramírez and 
Taymer Miranda, for their decisive support in the 
organization of this exchange week.

Bibliographic references
Alvarez, S.; Rufino, M.; Vayssières, J.; Salgado, P.; Tit-

tonell, P.; Tillard, E. et al. Whole-farm nitrogen cy-
cling and intensification of crop-livestock systems 
in the highlands of Madagascar: An application of 
network analysis. Agr. Syst. 126:25-37, 2014.

Benoit, M. & Laignel, G. Analyse sur le long terme 
de systèmes d’élevage ovins allaitants en France. 
Quelles trajectoires et quels facteurs de réussite 
économique? Prod. Anim. 24 (3):211-220, 2011.

Bertalanffy, L. von. General system theory. New 
York: George Braziller, 1968.



Pastos y Forrajes, Vol. 39, No. 2, April-June, 75-82, 2016 / Methodologies for evaluating farming system	 81

Brossier, J.; Chia, E.; Marshall, E. & Petit, M. Gestion 
de l’exploitation agricole familiale. Eléments 
théoriques et méthodologiques. Dijon, France: 
Educagri, 1997.

Coulibaly, D.; Moulin, C. H.; Poccard-Chappuis, R.; 
Morin, G. & Corniaux, C. Evolution des stratégies 
d’alimentation des élevages bovins dans le bassin 
d’approvisionnement en lait de la ville de Sikasso 
au Mali. Rev. Elev. Med. Vet. Pay. 60 (1):103-111, 
2007.

Dai, Z. Intensive agropastoralism: dryland degrada-
tion, the Grain-to-Green Program and islands of 
sustainability in the Mu Us Sandy Land of Chi-
na. Agr. Ecosyst. Environ. 138:249-256, 2010.

Darré, J. P. L’invention des pratiques dans l’agricul-
ture. Vulgarisation et production locale de con-
naissances. Paris: Karthala Editions, 1996.

Dolédec, S. & Chessel, D. Rythmes saisonniers et 
composantes stationnelles en milieu aquatique. 
I - Description d’un plan d’observations complet 
par projection de variables. Acta Oecol.-Oec. 
Gen. 8:403-426, 1987.

García-Martínez, A.; Olaizola, A. & Bernués, A. Tra-
jectories of evolution and drivers of change in 
European mountain cattle farming systems. Ani-
mal. 3 (1):152-165, 2009.

Le Moigne, J. L. La théorie du système général. Théo-
rie de la modélisation. 3ème. ed. Paris: PUF, 
1990.

Lu, H.; Bai, Y.; Ren, H. & Campbell, D. E. Integrated 
emergy, energy and economic evaluation of rice 
and vegetable production systems in alluvial pad-
dy fields: implications for agricultural policy in 
China. J. Environ. Manage. 91:2727-2735, 2010.

Madelrieux, Sophie; Terrier, Médulline; Borg, Domi-
nique & Dobremez, L. Family dairy farms in the 
northern french Alps: persistence and adaptation 
in a changing world. Mt. Res. Dev. 35 (1):49-56, 
2015.

Martin, J. F.; Diemont, S. A. W.; Powell, E.; Stanton, 
M. & Levy-Tacher, S. Emergy evaluation of the 
performance and sustainability of three agricul-
tural systems with different scales and manage-
ment. Agr. Ecosyst. Environ. 115:128-140, 2006.

Morin, G.; Coulibaly, D.; Corniaux, C.; Poccard-Chap-
puis, R.; Sidibé, S. I. & Moulin, C. H. Dynamiques 
des unités de production laitière dans le bassin 
d’approvisionnement de la ville de Ségou au Mali. 
Rev. Elev. Med. Vet. Pay. 60:89-101, 2007.

Moulin, C. H.; Ingrand, S.; Lasseur, J.; Madelrieux, 
S.; Napoléone, M. & Pluvinage, J. Comprendre 
et analyser les changements d’organisation et 
de conduite de l’élevage dans un ensemble d’ex-
ploitations: propositions méthodologiques. In: B. 
Dedieu, E. Chia, B. Leclere, Ch. Moulin et M. 
Tichit, eds. L’élevage en Mouvement: Flexibilité 

et adaptation des exploitations d’herbivores. 
París: Editions Quae. p. 181-196, 2008.

Moulin, C. H.; Pluvinage, J. & Bocquier, F. Les re-
lations entre agrandissement des troupeaux et 
changements de conduite: exemple des élevages 
d’ovins allaitants en Crau. Rencontre Recherches 
Ruminants. 11:145-148, 2004.

Napoléone, M. & Chia, E. Repenser la coordination 
entre agriculteurs et coopératives laitières-vers 
une gestion concertée de la saisonnalité de la 
collecte. Ann. Mines. 102:58-69, 2010.

Nascimento de Oliveira, M. Une approche pour évaluer 
la vulnérabilité des systèmes d’élevage laitiers se-
lon leurs trajectoires de développement: le cas des 
agriculteurs familiaux d’Unaí-Brésil. Doctorat Pa-
risTech. París: MINES ParisTech, 2014.

Navegantes-Alves, Livia; Poccard-Chapuis, R.; Ferreira, 
Laura A. & Moulin, C. H. Transformações nas prà-
ticas de criação de bovinos mediante a evolução da 
fronteira agrària no sudeste do Parà. Cadernos de 
Ciência & Tecnologia. 29 (1):243-268, 2012b.

Navegantes-Alves, Livia; Poccard-Chapuis, R.; Huguenin, 
J.; Ferreira, Laura A. & Moulin, C. H. Grassland de-
terioration linked to the farms trajectories in eastern 
Amazon. Outlook Agr. 41 (3):195-201, 2012a.

Odum, H. T. Environmental accounting: emergy and 
environmental policy making. New York: John 
Wiley and Sons, 1996. 

Odum, H. T. Self-organization and maximum power. In: 
C. A. S. Hall, ed. Maximum power. Niwot, USA: 
University Press of Colorado. p. 311-364, 1995.

Odum, H. T. Systems ecology: an Introduction. New 
York: John Wiley and Sons, 1983.

Pluvinage, J. & Moulin, C. H. Analyse de la diversité des 
exploitations agricoles. Revue Pour. 194 (2):106-114, 
2007.

Réseau d’élevage bovin Limousin. Trajectoires d’ex-
ploitations 2000-2010. Paris: Institut de l’Elevage. 
http://idele.fr/metiers/techniciens/economie-et-ges-
tion-de-lexploitation/publication/ idelesolr/recom-
mends/trajectoires-dexploitations-2000-2010.html, 
2012.

Rótolo, G. C.; Rydberg, T. & Francis, C. Emergy eval-
uation of grazing cattle in Argentina’s Pampas. 
Agr. Ecosyst. Environ. 119:383-395, 2007.

Rueff, C.; Choisis, J. P.; Balent, G. & Gibon, A. A pre-
liminary assessment of the local diversity of family 
farms change trajectories since 1950 in a Pyrenees 
mountains area. J. Sustain. Agr. 36 (5):564-590, 
2012.

Ryschawy, J.; Choisis, N.; Choisis, J. P. & Gibon, A. 
Paths to last in mixed crop-livestock farming: 
lessons from an assessment of farm trajectories 
of change. Animal. 7 (4):673-681, 2013.

Sanogo, O. M.; Ridder, N. de & Keulen, H. van. Di-
versité et dynamique des exploitations agricoles 
mixtes agriculture-élevage au sud du Mali. Cah. 
Agric. 19 (3):185-193, 2010.



82 	 Pastos y Forrajes, Vol. 39, No. 2, April-June, 75-82, 2016 / Fabien Stark

Teno, G.; Nozières, M. O. & Moulin, C. H. Comment 
analyser les évolutions de la commercialisation 
des agneaux chez les éleveurs d’ovins allaitants? 
Rencontre Recherches Ruminants. 20:294, 2013.

Ulrich, A.; Speranza, C. I.; Roden, P.; Kiteme, B.; Wi-
esmann, U. & Nüsser, M. Small-scale farming in 
semi-arid areas: Livelihood dynamics between 
1997 and 2010 in Laikipia, Kenya. J. Rural Stud. 
28:241-251, 2012.

Vayssières, J.; Bocquier, F. & Lecomte, P. GAMEDE: A 
global activity model for evaluating the sustainability 
of dairy enterprises. Part II. Interactive simulation 
of various management strategies with diverse 
stakeholders. Agr. Syst. 101:139-151, 2009b.

Vayssières, J.; Guerrin, F.; Paillat, J. M. & Lecomte, P. 
GAMEDE: A global activity model for evaluating 

the sustainability of dairy enterprises Part I. 
Whole-farm dynamic model. Agr. Syst. 101:128-138, 
2009a.

Vayssières, J.; Vigne, M.; Alary, V. & Lecomte, P. In-
tegrated participatory modelling of actual farms 
to support policy making on sustainable intensi-
fication. Agr. Syst. 104:146-161, 2011.

Vigne, M.; Peyraud, J. L.; Lecomte, P.; Corson, M. 
S. & Wilfart, A. Emergy evaluation of contrast-
ing dairy systems at multiple levels. J. Environ. 
Manage. 129:44-53, 2013.

Vigne, M.; Vayssières, J.; Lecomte, P. & Peyraud, J. 
L. Evaluating the ability of current energy use 
assessment methods to study contrasting live-
stock production systems. J. Environ. Manage. 
112:199-212, 2012.

Received: August 4, 2015

Accepted: November 30, 2015


