
#JFRB2021

JOURNÉE FRB – 30 septembre 2021
Agir en faveur de la biodiversité  - Osons les changements transformateurs !

Repenser les trajectoires économiques

Harold Levrel
Professeur à AgroParisTech

Centre international de recherche sur l’environnement et le développement 



JOURNÉE FRB – 30 septembre 2021
Agir en faveur de la biodiversité  - Osons les changements transformateurs !

#JFRB2021

• Phénomène économique: tout disposiDf visant à une gesDon par les êtres 
humains de la rareté des ressources, dans le but d’aNeindre des objecDfs 
déterminés

• Système économique: relaDons sociales régissant la reproducDon des 
condiDons matérielles requises pour la vie des être humains en société

• Compromis producDviste au 20ème siècle entre syndicats, poliDques, 
entrepreneurs, consommateurs/citoyens (au sein des pays, des filières et 
des entreprises)
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Economie et transition écologique



L’économie et la transition écologique

Evolution du système 
économique
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Niveau d’impact 
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L’économie et la transition écologique
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Période intéressante à analyser 
=> période de transition écologique



L’économie et la transition écologique

Evolution du système 
économique

Point d’inflexion

Niveau d’impact 
écologique du 
système économique

Un diagnostic macro pour éviter le problème de 
« l’effet rebond » et du « case study »



of Economic Sociology, where they ob-
serve that different kinds of embedded-
ness—cognitive, cultural, structural,
and political—should be distinguished,
and conclude that “the concept of em-
beddedness remains in need of greater
theoretical specification” (1994, p. 18).

An identification and explication of
the mechanisms through which informal
institutions arise and are maintained
would especially help to understand the
slow change in Level 1 institutions. I
conjecture in this connection that many
of these informal institutions have

mainly spontaneous origins—which is to
say that deliberative choice of a calcula-
tive kind is minimally implicated. Given
these evolutionary origins, they are
“adopted” and thereafter display a great
deal of inertia—some because they are
functional (as with conventions); others
take on symbolic value with a coterie of
true believers; many are pervasively
linked with complementary institutions
(formal and informal), etc. Be that as it
may, the resulting institutions have a
lasting grip on the way a society con-
ducts itself. Insular societies often take

 Williamson: The New Institutional Economics 597

Ex: l’écologie comme 
nouvelle institution 
dominante

Ex: évolution des outils 
contractuels

Ex: évolution du droit de 
propriété

Ex: fiscalité verte

Source: Oliver Williamson
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Diversité de perception sur les leviers à 
activer



Mondes 
Communs

Monde de l’inspiration Monde domestique Monde 
marchand

Monde 
industriel

Monde civique Monde de l’opinion

Principe 
supérieur 
commun

L’inspiration La tradition La concurrence L’efficacité Le collectif L’opinion publique

Etat de grand Indicible et éthéré La supériorité 
hiérarchique

Vendable Performant La réglementation, la 
représentation

La célébrité

Dignité L’inquiétude de la 
création

L’aisance de l’habitude L’intérêt Le travail L’aspiration aux droits 
civiques

Le désir de considération

Sujets Les illuminés Les supérieurs et les 
inférieurs

Les concurrents Les experts Les personnes collectives et 
leurs représentants

Les vedettes et leurs 
supporters

Objets Le rêve éveillé Les règles du savoir-vivre La richesse Les moyens Les formes légales Des noms dans les médias

Investissement Sortir des habitudes, 
remise en question 
permanente

Le rejet de l’égoïsme, 
l’importance du devoir

L’opportunisme Les progrès Le renoncement au 
particulier

Le renoncement au secret

Rapports de 
grandeur 

La valeur universelle de la 
singularité

Le respect et la 
responsabilité

Posséder Maîtriser Les rapports de délégation Être reconnu et s’identifier

Relations L’alchimie des rencontres 
imprévues

Le commerce des gens 
bien élevés

Fondées sur 
l’intérêt

Fonctionner Le rassemblement pour une 
action collective

Les influences et les 
persuasions

Figures La réalité de l’imaginaire La famille, les usages, le 
milieu social

Le marché L’organisation La république démocratique L’image publique

Epreuve Le vagabondage de 
l’esprit

La cérémonie familiale et 
mondaine

L’affaire Le test La manifestation pour une 
juste cause

La présentation de 
l’évènement

Jugement L’éclair de génie La confiance Le prix Effectif Le verdict du scrutin Le jugement de l’opinion 
publique

Evidence Intuitive Exemplaire L’argent La mesure Le texte de loi Le succès
Déchéance La tentation du retour aux 

habitudes
Le laisser-aller La servitude de 

l’argent
L’action 
instrumentale

La division L’indifférence et la banalité
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Deux grandes visions alternatives des leviers d’activation de la transition 
écologique

100 ans

Monde

National

Local

10 ans1 ans

Vision Top-Down de la transition Visio
n Bottom-up de la tra

nsitio
n 
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Une vision co-évolutionniste pour 
appréhender les dynamiques de transition
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Co-évolution du système d’interactions entre humains et non-humains

SYSTEME 
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PREFERENCES / 

INDIVIDUS

PRIX RELATIFS

Inspiré de Norgaard R. (1988), Sustainable development. A co-evolutionary view, Futures, 20(6): 606-620
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Problème 
environnemental Neutralité Cadre légale 

Compensation 
écologique pour 

obtenir la neutralité 
Emissions de gaz à 

effet de serre 
(GES) 

Neutralité carbone Accord de Paris Plantation d’arbres 
pour stocker du 

carbone

Artificialisation 
des sols 

Zéro artificialisation 
nette

Loi climat résilience Restaurer des sols 
artificialisés

Espèces et 
habitats naturels 

menacés

Absence de perte nette 
de biodiversité

Réparation du préjudice 
écologique

Loi pour la reconquête 
de la biodiversité, de la 
nature et des paysages 

en France

Restauration 
d’habitats naturels, 

réintroduction 
d’espèces

Le neutralité comme nouvelle institution
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Quelques exemples
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Le zéro artificialisation nette
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Flux d’artificialisation en 
2019

Coûts de renaturation 
estimés

Dette écologique 
correspondant

235,28 Km2 (données
foncières communales )

95 euros / m2 (CGDD) 22,4 milliards d’euros

350 euros / m2 (CGDD) 91, 8 milliards d’euros

Estimation de la dette écologique française sur 2019 lié à l’artificialisation

Source: Gonon, Surun, Levrel, 2021
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Flux d’artificialisation 
en 2019 en Km2

Coûts correspondants 
de renaturation 
(millions d’€)

coûts correspondants 
de renaturation 
(millions d’€)

Fourchette basse Fourchette haute
Activités 60 5726,9164 23510,499

Habitat 161 15300,063 62810,787

Mixte 4 393,01719 1613,439

Inconnu 10 931,91656 3825,7627

TOTAL 235 22351,914 91760,487 
Source: Gonon, Surun, Levrel, 2021

Estimation de la dette écologique française sur 2019 lié à l’artificialisation



La comptabilité écologique: approche transactionnelle à partir d’un objectif du coût de 
maintien d’entités naturelles

Compte de 
production

Secteur du 
bâtiment

Biodiversité

Valeur de la 
production

600 - 1000 oiseaux
- 200 batraciens

- 30 
mammifères…

Consommation 
intermédiaire

100

Coût de maintien de 
la biodiversité sur 
l’exploitation

0

Consommation 
intermédiaire total

100

Valeur Ajoutée 500

Compte de 
production

Secteur du 
bâtiment

Biodiversité

Valeur de la 
production

500 APN

Consommation 
intermédiaire

100

Coût de maintien de 
la biodiversité sur 
l’exploitation

235

Consommation 
intermédiaire total

335

Valeur Ajoutée 165



La comptabilité écologique: approche transactionnelle à partir de la rémunération du travail 
fourni par la nature

Compte d’exploitation Secteur du bâtiment

Valeur Ajoutée 500

Rémunération du travail 
humain

200

Rémunération du travail 
non humain

0

Impôts sur la production 10

Excédent brut 
d’exploitation 

290

Rémunération du travail

Rémunération de la nature (de son 
représentant)

Rémunération du capital



La comptabilité écologique: approche transactionnelle à partir de la rémunération du travail 
fourni par la nature

Compte d’exploitation Secteur du bâtiment

Valeur Ajoutée 500

Rémunération du travail 
humain

200

Rémunération du travail 
non humain

235

Impôts sur la production 10

Excédent brut 
d’exploitation 

55

Rémunération du travail

Rémunération de la nature (de son 
représentant)

Rémunération du capital
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Le (ou la) bio



Evolution de la consommation bio
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L'AGRICULTURE BIO DANS LE MONDE 

La consommation de produits bio dans le monde 
 

Caractéristiques du marché bio mondial 
 
� Les principales raisons d'achat de produits bio mises en exergue par les études sont 
les problèmes de santé, la protection de l'environnement, la sécurité alimentaire et la 
qualité. 
 
� Le marché alimentaire bio mondial a été plus que multiplié par six en dix-huit ans, 
approchant 92,8 milliards € en 20171 (hausse de 3,3 % entre 2016 et 2017)2. Il représentait 
environ 4 % du marché alimentaire mondial. DÌapr�s nos premi�res eslimalions, le marché 
bio mondial a dépassé les 100 milliards € en 2018. 
 
� Près des 9/10e de la consommation mondiale de produits bio en Amérique du Nord et 
en Europe 
 
� L'Amérique du Nord restait la principale zone de consommation de produits bio en 
2017, juste devant l'Europe. 
 

Evolution du marché alimentaire bio mondial de 1999 à 2018 (en milliards €) 

 
Source : Agence BIO 

  
 

1- Soit 110,9 milliards $ (Taux de change au 31/12/2017). 
2- Le marché bio mondial est sous-estimé car les données ne sont pas disponibles pour tous les pays du monde. 

Source: Agence BIO



Le rôle du paiement d’une « prime à la qualité » 
par le consommateur

To be sustainable, organic agriculture must also be profitable
(8). Moreover, whether organic agriculture can continue to ex-
pand globally will primarily be determined by its financial per-
formance compared to conventional agriculture (7, 13). The
main factors that determine the profitability of organic agricul-
ture include crop yields, labor costs, price premiums for organic
products, potential for reduced income during the organic tran-
sition period, and potential cost savings from the reduced use of
nonrenewable resources and purchased inputs (33). Although
individual studies have compared the financial performance of
organic and conventional farms and addressed these factors, no
studies have synthesized this information on a global scale. Here,
we address this knowledge gap by comparing the financial per-
formance of organic and conventional agriculture with a dataset
spanning 55 crops grown on five continents. Using meta-analysis,
we identified broad economic sustainability patterns not apparent
in primary field research by examining total costs, variable costs,
labor costs, fixed costs, gross returns, benefit/cost ratios, net
present values, organic price premiums, and yields for organic
and conventional agriculture.

Results and Discussion
Financial Performance of Organic and Conventional Agriculture. We
conducted a literature survey and identified 129 studies that ex-
amined the financial performance of organic compared with con-
ventional agriculture (Datasets S1–S5). Of these studies, 44 studies
met our criteria for inclusion in a meta-analysis, representing 55
crops grown in 14 countries on five continents (Fig. S1). Data from
these studies were used to compare financial parameters of organic
and conventional agriculture using two classifications: (i) individual
crops (n = 91) and (ii) cropping systems (which considered mul-
tiple crops in a rotation, n = 84) (Datasets S1–S5). Previous meta-
analyses comparing yields of organic and conventional agriculture
only considered individual crops, but not cropping systems (13–15,
34, 35). However, a farmer’s financial security is often based on
profits from multiple crops grown over several seasons, which is
reflected in our analysis of cropping systems. Therefore, we de-
termined whether costs, gross returns, benefit/cost ratios, and net
present values differed significantly between organic and conven-
tional crops and systems.
Total costs, variable costs, and fixed costs did not differ sig-

nificantly between organic and conventional crops or systems
(Fig. 1A and Tables S1–S3). Labor costs, which are part of var-
iable costs, were significantly higher for organic crops (13%) and
systems (7%) (Fig. 1A and Tables S1–S3). However, the higher
labor costs on organic farms were offset by the reduced use of
nonrenewable resources and purchased inputs, such as synthetic
fertilizers and pesticides. Organic farms often have higher labor

costs because they devote more resources to mechanical pest
control, have a greater diversity of enterprises, or need to develop
new marketing and processing activities (36). Although one of the
successes of conventional agriculture has been its ability to create
more with less labor, some have found the extra labor of organic
agriculture to be beneficial by helping to redistribute resources and
promote rural stability in regions where the labor force is un-
deremployed (37).
When organic premiums were not applied, gross returns, benefit/

cost ratios, and net present values were significantly lower for
organic crops (−10%, −7%, and −23%, respectively) and systems
(−18%, −8%, and −27%, respectively) compared with their con-
ventional counterparts (Fig. 1 A and B and Tables S1–S6). Im-
portantly, because gross returns without premiums mirror yields,
our observed 10% and 18% lower yields for organic crops and
systems, respectively, are similar to results from all five meta-
analyses comparing organic and conventional yields (13–15, 34,
35). When actual organic premiums were applied, gross returns,
benefit/cost ratios, and net present values were significantly
higher for organic crops (21%, 24%, and 35%, respectively) and
systems (9%, 20%, and 22%, respectively) (Fig. 1 A and B and
Tables S1–S6). These results show that the combination of ample
organic yields, similar costs, and organic premiums allowed net
present values and benefit/cost ratios to be reliably greater for
organic crops and systems. Additionally, total costs, gross returns,
benefit/cost ratios, and net present values for organic compared
with conventional crops and systems were consistent across the
40-y study period (Fig. S2).

Organic Premiums. From the studies in our meta-analysis, we also
determined price premiums that were awarded to organic crops
and systems. These values were compared with breakeven pre-
miums needed for net present values from organic agriculture to
match net present values from conventional agriculture. If or-
ganic agriculture is more profitable than conventional agricul-
ture, then actual premiums awarded are higher than breakeven
premiums; if organic agriculture is less profitable, then actual
premiums awarded are lower than breakeven premiums.
We found that median premiums were 32% for organically

grown crops and 29% for organic systems (averaged across all
crops in the system). In contrast, median breakeven premiums
needed for organic crops and systems to match the net present
values of their conventional counterparts were significantly lower
at 5% and 7%, respectively (Fig. 1C and Table S7). Organic
premiums awarded, and the difference between organic pre-
miums and breakeven premiums, were consistent during the 40-y
study period (Fig. S2). The fact that organic premiums are sig-
nificantly higher than those premiums needed to break even with

Fig. 1. Financial performance of organic compared with conventional crops and systems. Shown are the median log response-ratios (RR; ±SE) for costs, gross
returns, and benefit/cost (B/C) ratios (A), median Hedges d values (±SE) for net present values (B), and organic premiums awarded and breakeven premiums
needed for organic net present values to match conventional net present values (C). In A and B, asterisks indicate significant differences from 0. Positive
values indicate financial parameters were higher in organic agriculture compared with conventional agriculture.

7612 | www.pnas.org/cgi/doi/10.1073/pnas.1423674112 Crowder and Reganold

Ratio entre le conventionnel et le bio pour les bénéfices
Crops = une seule culture; Sytems = plusieurs cultures en rotation
Breakeven = montant de la prime minimal à payer pour que le bio reste compétitif

Source: Crowder et Reganold, 2015



 

• Orge hiver 

Les données présentées sont issues de l’observatoire Arvalis-Unigrains d’après des données 
CerFrance. L’échantillon comprend 2200 exploitations (orientations technico-économiques 15 et 16) 
réparties sur 13 départements français, représentant eux-mêmes 30% de la production française 
d’orge d’hiver. Ces départements sont majoritairement situés au nord de la Loire et le rendement 
moyen de l’échantillon présenté est supérieur de 10% au rendement moyen national orge hiver, 
observé dans par le Service Statistique du Ministère. 

Postes de charges complètes (en €/ha) Moyenne triennale 

2011/2012/2013 

Foncier (en €/ha) 162 
Assurance, frais divers de gestion (en €/ha) 107 
Rémunération des capitaux propres (en €/ha) 40 
Frais financiers (en €/ha) 28 
Salaires / charges sociales salariés(en €/ha) 29 
Charges sociales exploitants (en €/ha) 82 
Rémunération mo familiale (en €/ha) 132 
Amortissements (en €/ha) 286 
Entretien – Réparation – Carburant (en €/ha) 163 
Travaux par tiers (en €/ha) 44 
Fertilisation, amendements (en €/ha) 214 
Protections phytosanitaires (en €/ha) 166 
Semences (en €/ha) 82 
Autres charges opérationnelles (séchage, irrigation) (en €/ha) 0 
Charges totales (en €/ha) 1535 
Rendement (en t/ha) 7.1 
Coût de production (en €/tonnes) 216 
 

Source : Observatoire Arvalis / Unigrains (données CerFrance)  

 

 

 

• Blé dur 

blé dur, échantillon Cer France représentatif de la zone nord et sud ouest (31, 37, 79, 85 et 86) . La 
zone traditionnelle sud est ne présente pas les mêmes niveaux de résultats. Avec des charges totales 
un peu plus faibles, mais surtout des rendements beaucoup plus basjusqu’à -40%, il convient de 
majorer le coût de production complet d’environ 20 % pour répondre à la problématique de cette 
zone. 

 

 

Orge d’hiver

Capital naturel: 162
Capital humain: 243
Capital physique: 873b) Les résultats obtenus. 

 

• Blé tendre 
Les données présentées sont issues de l’observatoire Arvalis-Unigrains d’après des données 

CerFrance. L’échantillon comprend 4 600 exploitations (orientations technico-économiques 15 et 16) 

réparties sur 16 départements français, représentant eux-mêmes 38% de la production française de 

blé tendre. Ces départements sont majoritairement situés au nord de la Loire et le rendement moyen 

de l’échantillon présenté est supérieur de 10% au rendement moyen national blé tendre, observé 

dans par le Service Statistique du Ministère. 

Postes de charges complètes (en €/ha) Moyenne triennale 
2011/2012/2013 

Foncier (en €/ha) 177 
Assurance, frais divers de gestion (en €/ha) 133 
Rémunération des capitaux propres (en €/ha) 46 
Frais financiers (en €/ha) 34 
Salaires / charges sociales salariés(en €/ha) 50 
Charges sociales exploitants (en €/ha) 98 
Rémunération mo familiale (en €/ha) 143 
Amortissements (en €/ha) 290 
Entretien – Réparation – Carburant (en €/ha) 168 
Travaux par tiers (en €/ha) 61 
Fertilisation, amendements (en €/ha) 230 
Protections phytosanitaires (en €/ha) 185 
Semences (en €/ha) 76 
Autres charges opérationnelles (séchage, irrigation) (en €/ha) 0 
Charges totales (en €/ha) 1689 
Rendement (en t/ha) 7.9 
Coût de production (en €/tonnes) 214 
 

Source : Observatoire Arvalis / Unigrains (données CerFrance)  

 

Une variabilité à prendre en compte : 

 

Variabilité Détail Variabilité Commentaires 

Effet  année 

- Entre 2000 et 2013 

- Entre 2010 et 2013 

 

+/- 65 €/t. 

+/- 40 €/t. 

Effet charges et 

rendement 

Effet Région Entre la zone à plus faible CP 

et la zone à plus forte 

 

+/- 80 €/t. 60 à 120 €/t. selon les 

années 

Effet exploitations - Entre la moyenne et les 20 % 

les meilleurs 

- Entre la moyenne et les 20 % 

moins bons 

35 à 45 €/t. 

 

45 à 60 €/t. 

 

 

Blé tendre

Capital naturel: 177
Capital humain: 291
Capital physique: 934

Structure des 
coûts pour les 
exploitations 

françaises



La substitution de capital mécanique par du capital humain: 
l’exemple anglais

53

Results
  Calculations by the Soil Association based on the University of Essex survey, demonstrates that 
organic farming in the UK provides 32% more jobs per farm than equivalent non-organic farms. 
Weighted to represent the balance of commercial farm sizes nationally, organic farms provide 
2.77 jobs per farm compared to 2.09 jobs on commercial non-organic farms. The University of 
Essex survey demonstrates that it is the system of organic farming itself that creates and demands 
more labour. Whilst on-farm processing and direct sales activities are distinctive factors for the 
success and survival of many organic enterprises, the vast majority (81%) of the total employment 
on organic farms is generated by the farming system itself. Of the total 3.08 jobs per organic 
farm (unweighted), 2.50 are accounted for by agricultural employment with 0.57 (19%) provided 
through on-farm processing and direct marketing. These employment differences result from fun-
damental differences between organic and non-organic farming systems. The management-based 
approach of organic farming requires a greater range of skills and labour for crop, soil and animal 
husbandry. Selected data from the University of Essex survey of organic farms and from Defra 
statistics on non-organic farms are presented in Table 1 below.

Table 1. Summary of key fi ndings

Organic farms
surveyed

Commercial non-organic
farms (> 4 ESU)

Increased
employment on
organic farms

Number of farms 1,018 137,950
Area farmed (hectares) 171,361 15,199,802
Total people employed N/A 394,526
Total jobs (FTE) 3,135 288,612
Jobs per farm (weighted) 2.77 2.09 32%
Jobs per farm (unweighted) 3.08 2.09 47%
Jobs per 100 hectares (unweighted) 2.49 1.9 31%

  Thirty nine per cent of the organic farms across the UK and Ireland were engaged in processing 
or direct marketing. Despite lack of government data on the split of agriculture and agriculture-
related jobs, two recent studies have shown that organic farms more processing and direct sales 
activities than non-organic farms. The University of Exeter study found that organic farms sur-
veyed in England were three times more likely to be involved in marketing (39%), compared to 
non-organic farms (13%). An ADAS (2004) survey, found that only 19% of non-organic farmers 
were likely to market directly in the near future, compared to 47% of organic farmers.
The University of Essex survey demonstrates that, in contrast to the trend on non-organic farms, 
small organic farms can be productive and provide jobs. The study found the smallest organic 
farms employ more people than any other type of farm with 5.23 jobs per farm – 70% more than 
organic farms overall (3.08 jobs). These farms were, on average, 36 ha and grew vegetables, soft 
fruit or had orchards. Organic farming currently represents 4% of farmland in the UK. If all UK 
farming converted to organic production, this would create an estimated 93,000 more on-farm 
jobs. This is almost 16 times more people than were employed by the Rover car company when 
it closed in April 2005.

Discussion

A declining farm population
  The evidence presented in Organic works contradicts the narrow and negative thinking aimed at 
‘shedding’ farm labour which has dominated agricultural policy for the past 60 years. Although 

Green and Maynard, 2006
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5 % du temps de travail agricole
en 2009-2010. La part du travail
des saisonniers (18 %) est en
particulier plus importante qu’en
conventionnel (10 %) pour un
emploi en bio représentant au
total 42 900 unités de travail
annuelles (UTA). De plus, le
volume d'emploi saisonnier à
l'exploitation ayant recours à ce
mode de travail est deux fois
supérieur en bio. Par ailleurs
près de la moitié du volume de
travail en bio est assurée par les
exploitants et près d’un quart par
les salariés permanents. Le
nombre moyen d 'UTA par
exploitation bio est de 2,4 (dont
0,4 de saisonniers) contre 1,5
(dont 0,15 de saisonniers) en
conventionnel. Cette différence
s’explique par d’autres facteurs
qu’un seul effet de taille écono-
mique ou d’Otex. Ainsi, pour
une exp lo i t a t ion  de ta i l l e
moyenne, ce nombre est de 1,8
UTA par exploitation en bio pour
1,4 sinon. Selon l’Otex, cette dif-
férence va de 5 à 60 % d’UTA
par exploitation en plus. L’ex-
trême est en viticulture (1,8 UTA
contre 1,2). Le nombre d’UTA
de saisonniers par exploitation
diffère également de + 11 % en
élevage de volailles, granivores
ou porcins à + 240 % en poly-
culture élevage entre bio et
conventionnel.

> ...également pour les
exploitations pratiquant
la diversification
Les exp lo i ta t ions de ta i l le
moyenne pratiquant la diversifi-
cation génèrent plus d’UTA par
exploitation qu’en conventionnel
(2,0 UTA par exploitation contre
1,7), hors effet d'Otex. Leur
volume de travail à l’exploitation
dépasse de 80 % en bio pour
les saisonniers par rapport au
conventionnel. Il y a un effet
Otex prononcé de ce recours
accru au travail en viticulture (2,1
UTA en bio contre 1,5 sinon,
avec + 0,11 UTA de saisonniers
et + 0,24 UTA  de salariés per-
manents), en grandes cultures
(1,6 UTA en bio contre 1,2) et
polyculture-élevage (2 UTA en

bio contre 1,7 ; + 0,12 UTA  de
saisonniers).

Des structures juridiques
différentes du convention-
nel selon la production
Enfin, les exploitations bio relè-
vent en général moins d’un sta-
tut juridique individuel que les
exploitations conventionnelles
( respec t i vement  63 % e t
71 %). C’est le cas en particulier
des exploitations bio spéciali-
sées en viticulture (moins de la
moitié est sous statut juridique
individuel pour près des trois
quarts en conventionnel) ou en
cultures fruitières, et c’est l’in-
verse pour celles qui sont spé-
cialisées en élevage bovins lait
et viande combinés et en éle-
vage de volailles, granivores ou
porcins. La part des exploitations
agricoles à responsabilité limitée
(EARL) est légèrement plus
importante en bio (19 % contre
15 % pour les autres), en parti-
culier en viticulture ou cultures
fruitières. Pour les exploitations
maraîchères bio, la proportion
est cependant inversée avec
11 % au l ieu de 14 % en
conventionnel. La situation est
moins contrastée pour les autres
statuts juridiques, tous plus fai-
blement représentés parmi les
exploitations.

Thuriane Mahé
Jérôme Lerbourg
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Quelle que soit la catégorie d'actif agricole,
le volume de travail par exploitation est supérieur

dans les exploitations bio
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Le nombre moyen d'UTA par 
exploitation bio est de 2,4 (dont 0,4 de 
saisonniers) contre 1,5 (dont 0,15 de 
saisonniers) en conventionnel 
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questions about food security and social equity. Participatory guar-
antee systems, which rely on local stakeholder veri!cation, have 
emerged as a more locally focused alternative to traditional certi!-
cation7, and could lead to the development of more locally relevant 
visions for the production and consumption of organic foods.

Sustainability of organic agriculture
About 38% of Earth’s land cover is occupied by agriculture11. 
Although agriculture provides growing supplies of food and other 
products, it is a major contributor to greenhouse gases, biodiversity 
loss, agrochemical pollution and soil degradation12–14. Most of these 
environmental consequences come from arable land, which com-
prises around 12% of the land cover11. "e challenge of feeding a 
growing population expected to reach 9 to 10 billion people by 2050 
while protecting the environment is daunting. Adopting truly sus-
tainable farming systems on a wide scale is our best opportunity for 
meeting this grand challenge and ensuring future food and ecosys-
tem security. Concerns about the unsustainability of conventional 
agriculture have promoted interest in other farming systems, such 
as organic, integrated and conservation agriculture8–10.

According to a US National Academy of Sciences report10, any 
farm, be it organic or conventional, can only be deemed sustain-
able if it produces adequate amounts of high-quality food, enhances 
the natural-resource base and environment, is !nancially viable, 
and contributes to the wellbeing of farmers and their communi-
ties. With the rise of organic farming in the past two decades, hun-
dreds of research studies comparing di$erent aspects of organic and 
conventional farming systems have been published. "is section 
focuses on assessing such comparison studies across these four sus-
tainability areas.

Production. Production includes crop and animal yield and their 
quality. Numerous individual studies have compared yield di$er-
ences between organic and conventional systems. "ese data have 
been synthesized in several meta-analyses or reviews; accord-
ing to these studies, yield averages are 8  to 25% lower in organic 
systems15–19. However, with certain crops, growing conditions and 
management practices, organic systems come closer to matching 
conventional systems in terms of yields. According to one such 
synthesis study, the best yielding organically grown crops or crop 
groups are rice, soybeans, corn and grass-clover, which yield 6 to 
11% less than conventional systems; the lowest yielding are fruits 

and wheat, which yield 28  and 27% less, respectively17. Another 
meta-analysis found fruits, soybeans and oil seed to be the highest 
yielding organic crops, and wheat and vegetables the lowest, yield-
ing 37  and 33% less than conventional systems respectively18. In 
cases where organic crop rotations depend on green manure crops, 
food production over the whole rotation may be lower than one-to-
one crop yield comparisons suggest17.

Although meta-analysis is a great tool that can describe broad 
patterns not immediately visible in primary !eld research19,20, it 
must also be treated with caution, because no single farming sys-
tem or practice works best everywhere. Still, these studies15–19 give 
strength to the argument that adoption of organic agriculture 
under agroecological conditions where it performs best may close 
the yield gap between organic and conventional systems. Under 
severe drought conditions, which are expected to increase with 
climate change in many areas, organically managed farms have 
frequently been shown to produce higher yields than their conven-
tional counterparts21,22, due to the higher water-holding capacity of 
organically farmed soils23. In addition, improvements in manage-
ment techniques and crop varieties for organic systems may also 
close this yield gap. For example, direct selection of wheat cultivars 
in organic systems has resulted in improved yields in organic sys-
tems when compared with indirect selection of wheat cultivars in 
conventional systems24.

Whereas organic systems yield less food, organic foods have 
signi!cantly less to no synthetic pesticide residues compared with 
conventionally produced foods25–28. Studies have also found that 
children who eat conventionally produced foods have signi!cantly 
higher levels of organophosphate pesticide metabolites in their 
urine than children who eat organically produced foods29,30. In 2012, 
the American Academy of Pediatrics reported that an organic diet 
reduces children’s exposure to pesticides, and provided resources 
for parents seeking guidance on which foods tend to have the high-
est pesticide residues31. Although these data show that organic foods 
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Figure 1 | Annual global market for organic foods and land area of organic 
production. Increasing sales of organic food in nominal billions of US 
dollars (bars), broken down by contributions from North America (red), 
Europe (green) and the rest of the world (orange), and increasing total 
global land area under organic production in millions of hectares (blue 
line)7,96–98. European and North American contributions were not available 
for the years 1998 through 2000, shown in grey.
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Figure 2 | Organic management practices. The complex interactions 
among structural factors and tactical management strategies on a 
diversified organic farm producing food, fibre and fuel for human and 
livestock use and consumption. Structural factors, represented by 
circles, are the foundation of organic management, with diverse crop and 
livestock rotations at the centre. Tactical management decisions are used 
to supplement the structural factors and include the use of: biological 
controls; supplementary lime, organic fertilizers and compost; hedges, 
margins and other habitat areas; species, variety and breed selection; 
temporal and spatial patterns; and physical weed management. Figure 
adapted from ref. 99, © 2001 Elsevier.
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questions about food security and social equity. Participatory guar-
antee systems, which rely on local stakeholder veri!cation, have 
emerged as a more locally focused alternative to traditional certi!-
cation7, and could lead to the development of more locally relevant 
visions for the production and consumption of organic foods.

Sustainability of organic agriculture
About 38% of Earth’s land cover is occupied by agriculture11. 
Although agriculture provides growing supplies of food and other 
products, it is a major contributor to greenhouse gases, biodiversity 
loss, agrochemical pollution and soil degradation12–14. Most of these 
environmental consequences come from arable land, which com-
prises around 12% of the land cover11. "e challenge of feeding a 
growing population expected to reach 9 to 10 billion people by 2050 
while protecting the environment is daunting. Adopting truly sus-
tainable farming systems on a wide scale is our best opportunity for 
meeting this grand challenge and ensuring future food and ecosys-
tem security. Concerns about the unsustainability of conventional 
agriculture have promoted interest in other farming systems, such 
as organic, integrated and conservation agriculture8–10.

According to a US National Academy of Sciences report10, any 
farm, be it organic or conventional, can only be deemed sustain-
able if it produces adequate amounts of high-quality food, enhances 
the natural-resource base and environment, is !nancially viable, 
and contributes to the wellbeing of farmers and their communi-
ties. With the rise of organic farming in the past two decades, hun-
dreds of research studies comparing di$erent aspects of organic and 
conventional farming systems have been published. "is section 
focuses on assessing such comparison studies across these four sus-
tainability areas.

Production. Production includes crop and animal yield and their 
quality. Numerous individual studies have compared yield di$er-
ences between organic and conventional systems. "ese data have 
been synthesized in several meta-analyses or reviews; accord-
ing to these studies, yield averages are 8  to 25% lower in organic 
systems15–19. However, with certain crops, growing conditions and 
management practices, organic systems come closer to matching 
conventional systems in terms of yields. According to one such 
synthesis study, the best yielding organically grown crops or crop 
groups are rice, soybeans, corn and grass-clover, which yield 6 to 
11% less than conventional systems; the lowest yielding are fruits 

and wheat, which yield 28  and 27% less, respectively17. Another 
meta-analysis found fruits, soybeans and oil seed to be the highest 
yielding organic crops, and wheat and vegetables the lowest, yield-
ing 37  and 33% less than conventional systems respectively18. In 
cases where organic crop rotations depend on green manure crops, 
food production over the whole rotation may be lower than one-to-
one crop yield comparisons suggest17.

Although meta-analysis is a great tool that can describe broad 
patterns not immediately visible in primary !eld research19,20, it 
must also be treated with caution, because no single farming sys-
tem or practice works best everywhere. Still, these studies15–19 give 
strength to the argument that adoption of organic agriculture 
under agroecological conditions where it performs best may close 
the yield gap between organic and conventional systems. Under 
severe drought conditions, which are expected to increase with 
climate change in many areas, organically managed farms have 
frequently been shown to produce higher yields than their conven-
tional counterparts21,22, due to the higher water-holding capacity of 
organically farmed soils23. In addition, improvements in manage-
ment techniques and crop varieties for organic systems may also 
close this yield gap. For example, direct selection of wheat cultivars 
in organic systems has resulted in improved yields in organic sys-
tems when compared with indirect selection of wheat cultivars in 
conventional systems24.

Whereas organic systems yield less food, organic foods have 
signi!cantly less to no synthetic pesticide residues compared with 
conventionally produced foods25–28. Studies have also found that 
children who eat conventionally produced foods have signi!cantly 
higher levels of organophosphate pesticide metabolites in their 
urine than children who eat organically produced foods29,30. In 2012, 
the American Academy of Pediatrics reported that an organic diet 
reduces children’s exposure to pesticides, and provided resources 
for parents seeking guidance on which foods tend to have the high-
est pesticide residues31. Although these data show that organic foods 
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Figure 1 | Annual global market for organic foods and land area of organic 
production. Increasing sales of organic food in nominal billions of US 
dollars (bars), broken down by contributions from North America (red), 
Europe (green) and the rest of the world (orange), and increasing total 
global land area under organic production in millions of hectares (blue 
line)7,96–98. European and North American contributions were not available 
for the years 1998 through 2000, shown in grey.
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Figure 2 | Organic management practices. The complex interactions 
among structural factors and tactical management strategies on a 
diversified organic farm producing food, fibre and fuel for human and 
livestock use and consumption. Structural factors, represented by 
circles, are the foundation of organic management, with diverse crop and 
livestock rotations at the centre. Tactical management decisions are used 
to supplement the structural factors and include the use of: biological 
controls; supplementary lime, organic fertilizers and compost; hedges, 
margins and other habitat areas; species, variety and breed selection; 
temporal and spatial patterns; and physical weed management. Figure 
adapted from ref. 99, © 2001 Elsevier.
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La jurisprudence



John Commons

• Hypothèse: ce sont les décisions de justices qui 
sélectionnent les comportements émergents qui 
sont désirables pour la société… ou pas 

• Les décisions de justice dissimulent des préférences 
politiques et des mécanismes d’arbitrage entre 
intérêts sociaux concurrents 

• Vision des transitions: les décisions de justice 
orientent, petit à petit, l’évolution des institutions 
capitalistes

• Une méthode économique: l’analyse des décision 
de cours de justice 
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Figure n°5 : Sur les 22.000 délits verbalisés annuellement en moyenne en France de 2013 à 
2016 dans le domaine de la protection de l’environnement, une petite trentaine seulement 
de peines de prison ferme sont prononcées par les tribunaux. Elles sont cependant très 
courtes et très rarement exécutées. Les abandons de poursuites et les mesures alternatives, 
comme le simple rappel à la loi, représentes plus de 90 % des affaires. Sources : L. de Redon, 
2019. 
 
 
Or, le droit de l’environnement, s’il peut apparaître comme contraignant et ambitieux sur le 
papier, est très peu appliqué. La délinquance environnementale n’est pas réprimée : à peine 
0,13 % des quelques 22.000 délits environnementaux verbalisés chaque année font l’objet 
d’une condamnation à une peine de prison ferme (L. de Redon, 2019 – cf. Figure 5). Le verbe 
du droit ne doit pas, et ne peut pas, nous offrir une conscience ou nous servir d’alibi. Il ne se 
suffit pas à lui-même : toute politique publique transposée dans des textes normatifs doit être 
accompagnée d’efforts humains et financiers à la hauteur de l’ambition gravée dans le marbre 
de la loi. 

Sur les 22.000 délits verbalisés
annuellement en moyenne en France de 
2013 à 2016 dans le domaine de la 
protec=on de l’environnement, une 
pe=te trentaine seulement de peines de 
prison ferme sont prononcées par les 
tribunaux. Elles sont cependant très
courtes et très rarement exécutées. Les 
abandons de poursuites et les mesures 
alterna=ves, comme le simple rappel à la 
loi, représentes plus de 90 % des affaires. 
Sources : L. de Redon, 2019. 



Evolutions du droit de l’environnement

• En pénal
• Transaction pénale instaurée par 

ordonnance en 2014
• Permet d’échapper à toute poursuite
• Condition : la personne à l’origine du délit 

paie une amende (plafonnée à 1/3 du 
montant maximum mentionné dans la loi). 

• Transaction à l’initiative du préfet 
• Sous couvert du secret judiciaire 

• En civil
• Reconnaissance du préjudice écologique en 

2016
• Obligation de réparation pour la nature



De la Loi sur la responsabilité environnementale à la loi sur le préjudice 
écologique

• En mars 2020 des braconniers sont condamnée à verser 350 060 € au Parc des calanques au titre 
du préjudice écologique, en partant du coût de la restauration écologique des populations 
impactées => la cours d’appel ramène le montant à 52 068 €

• Le 21 janvier 2021 la commune de Châteauneuf-les-Martigues a obtenu, en première instance et 
en appel, la condamnation de plusieurs entreprises par le Tribunal judiciaire de Marseille, au 
titre de réparation du préjudice écologique => 40 000 €

• Le 29 janvier 2021 Le tribunal correctionnel de Tulle a condamné une société à verser en 
réparation du préjudice écologique résultant du rejet en eau douce de substances nuisibles aux 
poissons => 50 000 € 

• Vendredi 24 septembre 2021, le Domaine du Château de Berne a été condamné à payer une 
amende au titre du préjudice écologique pour avoir défriché en 2019 une zone d’habitat de la 
tortue d’Hermann => 375 700 €

• Le 9 septembre 2021, les associations Notre Affaire à Tous et Pollinis ont lancé leur action pour 
la biodiversité et contre la politique française d'utilisation des pesticides au titre de la 
reconnaissance du préjudice écologique
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Les servitudes de conservation



Le « démembrement » du droit réel de propriété 

46 
 

des limitations du droit de propriété qui sont attachées au foncier et pas à la personne 
signataire de la servitude. Pour autant elle reste valable pour des contrats moins contraignants 
TXi Q·eQgageUaieQW TXe Oe SURSUipWaiUe SRXU XQe dXUpe OiPiWpe. CeV cRQWUaWV, eQ effeW, 
aboutissent généralement à ouvrir la gestion du terrain à de nouvelles parties prenantes, et 
donc à partager avec elle ² temporairement ² Oe dURiW de geVWiRQ (YRiUe d·aXWUeV dURiWV dX 
faisceau).  

Figure 11 ² Les servitudes de conservation comme partage du faisceau de droits 

 

Les servitudes de conservation permettent à un propriétaire de transférer une partie de son faisceau de 
droits à un organisme qui deviendra, selon la formulation consacrée, « titulaire de la servitude » 
[easement holder]. Aux Etats-Unis cela peut être des agences gouvernementales ou des organisme 
privés de conservation de la biodiversité [land trust]. Ces organismes publics ou privés acquièrent des 
intérêts partiels sur le terrain pour limiter durablement les possibilités de dégradation des milieux et des 
espèces et, éventuellement, ouvrir j l·accqs du terrain au grand public. Source : adapté à partir de 
Farmland Access Legal Toolkit | Conservation Easement 

Par ailleurs, ces distributions du faisceau de droit sont relationnelles et fonctionnelles. Elles 
élargissent le champs des ayants droits sur le terrain qui disposent de prérogatives différentes 
par rapport au *fonds* (ou bien foncier). Sur la base du principe mis au jour par Schlager & 
Ostrom (1992) le Tableau 7  présente des caWpgRUieV de WiWXOaiUeV de dURiW TX·RQ UeWURXYe 
souvent dans le cadre des partages de droits fonciers. Cette version analyse les distributions 
d·XQ faiVceaX de six droits. Là encore, les positions présentées sont indicatives : elles ne 
constituent pas une liste exhaustive des partages de droit possibles. En pratique il existe autant 
de cRPbiQaiVRQV de dURiWV TXe ce TXi eVW OpgaOePeQW SeUPiV SaU O·aUchiWecWXUe deV UqgOeV de 
la propriété foncière. Ainsi, les organismes de conservation cherchent généralement à 
acquérir des droits de gestions, mais peuvent aussi être intéressés par le droit de construire pour 
OiPiWeU Oa cRQVWUXcWiRQ (SUaWiTXe cRXUaQWe aX[ USA) RX Oe dURiW d·e[cOXViRQ pour oXYUiU O·accqV 
du site au public.    

Tableau 7 ² Catégories de titulaires de droits dans le cadre de la propriété foncière 

 Propriétaire Quasi-
propriétaire 

Gestionnaire 
et prestataire Gestionnaire Exploitant Usager 

Accès X X X X X X 
Exploitation X X x 

 
X 

 

Gestion X X X X 
  

Construction X X 
    

Exclusion X X 
    

Aliénation X 
     

Source: Claron, 2020, d’après Schlager & Ostrom, 1992, p. 252



Le succès des conservation 
easements aux Etats-Unis



Source: https://farmlandaccess.org/conservation-easements/
https://www.conservationeasement.us

Détenteurs et type d’accès

https://farmlandaccess.org/conservation-easements/


Evolution de la surface couverte par des servitudes de conservation aux 
Etats-Unis (hectare): 1960 - 2020

Looney: « Total deductions for conservation easement contributions by taxpayers tripled
between 2012 and 2014—rising from $971 million in 2012 to $1.1 billion in 2013 to $3.2 
billion in 2014. »

Sur la même période, le budget fédéral pour l’acquisition de terres à des fins de 
conservation est de 305 millions $
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La réallocation des subventions



Mise en perspec*ve entre les financements pour la biodiversité 
et les subven*ons dommageables à la biodiversité 

Source: Deutz et al., 2020



Simulation de 
l’impact sur l’emploi 
d’une ré-allocation
des 500 milliards de 
subvention nocives 
(ventilées par taille 
de population ou par 
PIB)

Source: WWF et Dalberg, 2021
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ANNEX

METHODOLOGY NOTE FOR JOB CREATION MODELLING
To estimate the job creation potential of the nature-positive 
economy, Dalberg Advisors conducted some high-level modelling. 
The findings are presented in Chapter 4, “The Opportunity”. 
Here, we outline the methodology used. 
 
Job creation per investment figures: 
Our modelling work is based on publications by WWF & ILO,  
the World Bank, and various academic papers.208, 209, 210, 211  

Most of these sources only provide data on the investment 
needed to create a number of jobs for specific contexts; we used 
them mainly because macro-level estimates of investment costs 
of job creation are highly scarce. As such, we should stress that 
our aim in using these papers was to have an estimate of the 
nature-positive job creation potential for advocacy, rather than 
making an academic contribution, which is beyond the scope of 
this report. That said, here is how we derived our estimates of job 
creation potential per US$million invested:

•  Sustainable agriculture and food, sustainable 
infrastructure and circular economy: For these, we used 
the data provided by David Robalino in a World Bank blog post 
on the cost of job creation in Tunisia.212 We averaged the data 
provided for food and agriculture to get to an assumption for 
the job creation cost in sustainable food and agriculture. We 
used data provided for the ‘Construction’ sector as a proxy for 
sustainable infrastructure, and data provided for ‘Textiles’ as 
the nearest proxy for the cost of job creation in the circular 
economy sector with regards to manufacturing. We also 
summed indirect job creation into the total job creation figures. 
Though for these indirect jobs to materialize some additional 
investments might be required, we assume that this would 
be absorbed by the wider economy. At ~US$30,000 per job 
created in Tunisia, a country with ~US$3,400 per capita GDP 
in 2018,213 we also found the author to be rather pessimistic 
about the value creation potential of investing in jobs. As such, 
we applied a qualitive adjustment factor to various sectors 
based on their job creation potential as perceived in the wider 
literature, while still erring on the conservative side for the 
cost of job creation, especially given that nature-positive job 
creation will likely have a cost premium on job creation in 
conventional sectors.214 

•  Sustainable fisheries. Here we used Edwards et al’s 
estimate for job creation per US$million in the US as a 
conservative baseline figure for job creation in HICs.215 We 
then applied an adjustment factor based on the GDP/capita 
differential between an average LMIC and HIC to derive an 
equivalent figure for an average LMIC. Here it is important 
to stress that the authors only look at coastal ecosystem 
restoration, rather than fisheries themselves, for which we 
could not find better data. As such, we assumed that coastal 
ecosystem regeneration would be a decent proxy for the  

Model outputs (population-led scenario): Model outputs (GDP-led scenario):

  

  

Headline outputs 
 
# of jobs created (rounded to millions)  38,900,000 

US$ / LMIC job  US$11,011 

US$ / HIC job  US$96,878 

US$ / job (average)  US$12,845  
 
 
 
Jobs by sector # jobs (rounded to 100k) 
 
Sustainable agriculture / food  11,300,000 

Sustainable fisheries  8,500,000 

Sustainable forestry  9,100,000 

Circular economy  6,900,000 

Sustainable infrastructure  3,100,000 

Total  38,900,000  
 
 
Jobs by region # jobs (rounded to 100k) 
 
East Asia & Pacific  12,500,000 

Europe & Central Asia  2,700,000 

Latin America & Caribbean  3,600,000 

Middle East & North Africa  2,300,000 

North America  300,000 

South Asia  10,900,000 

Sub-Saharan Africa  6,500,000 

Total  38,900,000 

Headline outputs 
 
# of jobs created (rounded to millions)  20,100,000 

US$ / LMIC job US$11,011 

US$ / HIC job  US$96,878 

US$ / job (average)  US$24,842  
 
 
 
Jobs by sector # jobs (rounded to 100k) 
 
Sustainable agriculture / food  5,900,000 

Sustainable fisheries  4,400,000 

Sustainable forestry  4,700,000 

Circular economy  3,500,000 

Sustainable infrastructure  1,600,000 

Total  20,100,000  
 
 
Jobs by region # jobs (rounded to 100k) 
 
East Asia & Pacific  9,500,000 

Europe & Central Asia  2,800,000 

Latin America & Caribbean  2,700,000 

Middle East & North Africa  900,000 

North America  1,400,000 

South Asia  1,900,000 

Sub-Saharan Africa  900,000 

Total  20,100,000 

job creation potential in sustainable fisheries, especially  
seeing as employment in the fisheries sector might currently 
already be somewhat bloated due to its decades-long reliance 
on subsidies.216

•  Sustainable forestry. Here we had comparably good data 
from a joint WWF & ILO report on nature-based solutions,217 
building on an earlier academic paper.218 Figures provided 
in this report, however, were mostly based on estimates 
for LMICs, so we adjusted the expected cost of job creation 
upwards, again based on the GDP/capita differential between 
an average LMIC and an average HIC. To adjust somewhat for 
a large margin of uncertainty inherent in the model by making 
conservative estimates, we chose the lower bound of the 
confidence interval for job creation per dollar invested in the 
provided data as our default scenario. 

 
Population vs GDP-led stimulus and other inputs: 
We chose US$500 billion as a sizeable stimulus, which we  
deemed broadly realistic in line with broader spending on the 
post-COVID recovery (e.g., ~US$10 trillion in Q2 2020 alone).219 
US$500 billion is also equivalent to the amount governments 
spend each year on subsidies that are harmful to biodiversity.220 
We created two scenarios of how this stimulus could be allocated 
across the world population. One scenario allocates spending 
between HICs and LMICs based on population, the other 
based on GDP. The population-based stimulus allocates 84% 
of spending to LMICs, vs 37% for the GDP-based scenario. We 
chose the population-based scenario as our default because 
biodiversity tends to be greatest in LMICs, because it is a much 
more cost-effective means of job creation (cf. figures above) and 
for associated equity implications. Our model finds that the job 
creation from the population-led scenario (~39 million) is about 
twice the size of the GDP-led scenario (~20 million).
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Plusieurs composantes dans la transition forestière

Common Theories of Transitions
Forest Transition Theory
Forest transitions—defined as regional-scale shifts from a
shrinking to an expanding forest area—serve as a heuristic
framework for conceptualizing forest landscape change
(Figure 2). This framework distinguishes three distinct phases
where (1) fragmentation, (2) deforestation and degradation, or
(3) restoration and reforestation are the main processes shaping
the landscape (but see Bogaert et al.,26 who classify fragmenta-
tion as a case of deforestation and note that fragmentation and
deforestation can continue even as restoration occurs). This
trend is represented with the forest transition curve,27,28 a theo-
retical construct that maps changes in forest cover area for a
given region or nation over time.29 The theory has shortcomings.
Forest quality is not well represented, and degradation, if it is
higher in the second phase of the transition, can happen all along
the forest transition curve. The forests that return are not neces-
sarily the same as those that disappeared in structure, composi-
tion, and function.30 Other limitations of the theory include how it
defines forests, the explanations it offers to the transition, and its
generality.31 Despite these, the forest transition theory remains
one of the foundations of current thinking on forest landscape
change.32–34

Sustainability Transition Theory
A multi-level perspective (MLP) of nested scales is commonly
used for modeling socio-technical transitions35–38 and has
been used in forest-governance contexts for analyzing condi-
tions across policy levels.39–41 It identifies three analytical levels
(Figure 3). The macro level (1) includes the broader political and
socio-economic trends, values, and normative landscape. The
meso level (2) consists of the current socio-technical regimes,
rules, and routines that define the ‘‘way of doing things at the

moment,’’ e.g., the production system including rules and actors
from industry, policy, science, and users. Themicro level (3) con-
sists of niches where experimentation with novel technologies,
practices, and policies, collectively referred to as innovations,
takes place. In niches, innovations are shielded from regime in-
fluences,42,43 but over time experimentation can be expanded
to ‘‘spaceswhere networks of actors experiment with, andmutu-
ally adapt, greener organizational forms and eco-friendly tech-
nologies.’’44 The MLP does not correspond to specific scales.
Rather, it can be applied to different scales ranging from regional
to national and local depending on the analytical context. The
MLP also describes under which conditions a stable regime
could radically change through a ‘‘regime shift.’’45 A shift is
possible when novel practices mature, gain traction through
economies of scale, for example, and replace dominant prac-
tices in the regime.46,47 Examples of successful transitions
come foremost from sectors with a strong technological char-
acter, such as electricity systems,48–50 ‘‘green’’ cars,51,52

biogas,53 and sustainable housing.44

Because of economies of scale, the costs of innovations can
be considerably reduced over time, making them much more
competitive against conventional practices. However, in sustain-
able agriculture, e.g., in coffee agroforestry systems,55 econo-
mies of scale are not easily created. In the case of sustainability,
transitions happen only when sufficient pressure is put on the
normative landscape to create opportunities to adopt innova-
tions. Therefore, the transitions are unlikely. The example of cof-
fee is telling. Despite policies and agendas, agroforestry coffee is
in decline globally.56 Should the transition happen, in coffee or in
other sectors, it would still have the potential to create inequality
if the interests, needs, and constraints of small-scale producers
were left aside, pushing them out of the system.54,57–59

A B

Figure 2. The Forest Transition Theory,
Deforestation, and Forest Landscape
Restoration
Forest transition theory is a description of the
changes that a landscape—initially a country—un-
dergoes when its forest cover stops shrinking and
starts expanding amid growing human population,
2013Forest transition theory is a description of the
changes that a landscape—initially a country—un-
dergoes when its forest cover stops shrinking and
starts expanding amid growing human population,
increased technical capacities, and changing cul-
tural values. With agricultural expansion as the
major driver of forest loss, the curves of forest area
and agricultural area complement each other. The
expansion of remaining forests, forest landscape
restoration, and active plantation programs explain
the recovery of forest area. The forests at the end of
the process are different from those at the begin-
ning. Policy interventions can speed up or slow
down the transition. A policy to reduce and stop
deforestation can at best flatten the curve (A). Forest
landscape restoration can potentially redress it up
to the maximum ecological potentialities of the
locality (B). Halting deforestation and restoring
landscapes are equally needed for operating the
transition. Modified from Rudel et al.,27 Lambin and
Meyfroidt,28 and Mather.29
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Origine de la déforesta0on dans 7 pays d’Asie et d’Amérique La0ne 
(en millions d’ha. / an) et origine de ce@e conversion

double cropping of soy with wheat and sunflower in
Bolivia and corn in Brazil, allocating LUC area and
CO2 emissions between the different products based
on the revenues achieved over time. This approach
allocates greater emissions responsibility to the more
profitable crop, based on the assumption that it is the
main driving force behind LUC. Below the LUC area
and emissions from double cropping are reported as
part of the soy results (separate results can be found in
the SI).

Data on deforestation and clearing rates in the
individual countries was gathered from the scientific
literature, combining latest data from pan-tropical (or
global) remote sensing analyses [14, 44] with regional
or national level data [50–58]. Where available, we
used analyses of proximate LUC drivers based on
remote-sensing methods [e.g., 21, 59–64]. Where
remote-sensing data only had partial spatial or tem-
poral coverage, we extended it using ancillary data
such as national agricultural statistics. The assump-
tions regarding LUC rates in our case countries and
the attribution of deforestation to the case commod-
ities are summarized infigure 2.

For the trade analysis we updated and recalculated
data from Kastner et al [2, 43] for the four commod-
ities and the years 2000 to 2011. The required input
data on yields, total production and physical trade
flows was obtained from the FAO’s statistical database
FAOSTAT [1]. Trade flows of the four commodities

and their associated secondary products (table S1)
were translated into primary commodity equivalents
for the agricultural products, and in carbon equiva-
lents in the case of wood products, using conversion
factors based on carbon content. For the bilateral trade
flows we gave priority to reported import flows
[see 39]. However, the use of export flows as a test case
yielded nomajor differences in results.

For some combinations of specific commodities,
countries and years, our results for apparent con-
sumption showed negative values (which we decided
not to exclude). This suggests that a country’s exports
of a commodity (in primary equivalents) were larger
than its domestic production and imports (in primary
equivalents), e.g., in the case of Papua New Guinea,
where for some years the reported wood exports to
China were larger than the country’s entire reported
roundwood production. Considering the laws of mass
balance this is impossible, so that the occurrence of
negative values highlights inconsistencies in input
data, which could in some cases be an indication for
illegal logging and trade activities [65].

3. Results

We find that in the period 2000–2011, an average
deforestation area of 3.8 Mha and LUC emissions of
1.6 GtCO2 was embodied in the production of beef,
soy, palm oil, and wood products in our seven case

Figure 2.Total rates of land-use change (LUC) and attribution to our case commodities for the seven case countries in the period
1990–2011. Shaded colored areas represent deforestation attributed to each of the four analyzed commodities—beef, soybeans, palm
oil andwood products—with striped areas representing forest areas selectively logged prior to clearing. The remaining deforestation,
not attributed to our case commodities, is labeled other and includes both commercial and non-commercial proximate drivers of
forest loss. The lack of annual deforestation data formost countries prior to 2000 explains the apparentflat levels of deforestation in
the 1990s. See the SI for details and underlying data sources.
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Niveaux d’exportations de 4 produits dans le monde selon les pays

2.2.Materials
2.2.1. Commodity and case country selection
Our intention with the selection of case commodities
and countries was to cover a large share of total forest
loss, as well as the production and trade of forest-risk
commodities driving this loss, across the tropics. We
first identified the case commodities, based on the
scientific literature that commonly links beef, soy-
beans, palm oil and wood products (i.e., timber, pulp
and paper) to tropical deforestation [9].We then chose
case countries in Latin America and Southeast Asia,
regions where large-scale commercial agriculture is an
important driver of deforestation [7, 10]. The focus
was on countries that are major producers and
primary exporters5 of the selected commodities, while
also showing high deforestation and land clearing
levels.

Over 80% of total forest loss in Latin America in
the 2000s occurred in Argentina, Bolivia, Brazil, and
Paraguay [14, 44]. These countries accounted for 71%
and 98%, respectively, of Latin American beef and soy
production in 2011, as well as 80% and 98%, respec-
tively, of the regions beef and soy exports [1] (see also
figure 1). Indonesia, Malaysia and Papua New Guinea
accounted for 82% of global production and 98% of
global primary exports of palm oil in 2011 [1]
(figure 1). Moreover, these three countries together
incurred around 65% of total Asian deforestation in
the 2000s [14, 44]. For wood products, we analyzed
Brazil, Indonesia, Malaysia and Papua New Guinea,
which together produce and export over 50% of all
timber, pulp and paper from the tropics, with Brazil
accounting for half of the Latin American wood pro-
duct exports and Indonesia, Malaysia and Papua New
Guinea accounting for two thirds of Asian exports [1].

For Indonesia we also analyzed the role of short rota-
tion pulpwood plantations as a driver of forest loss.

2.2.2. Data sources and scope
Here we present a short summary of the main
parameters and the data sources used. We refer to the
SI material for a detailed list and description of the
data, including references and assumptions.

In this study we considered only carbon in vegeta-
tion as it is most affected by disturbance processes,
whereas soil carbon is not as easily oxidized [13] and
available data on soil carbon involves high uncertain-
ties [14]. However, soil carbon emissions from peat-
land conversion in Southeast Asia were included, since
plantation expansion on peatland in this region is a
large source of CO2 emissions from LUC [15]. Peat-
land emission factors were based on two recent
reviews [45, 46]. Above-ground biomass (AGB) esti-
mates (table S2) were taken from a recent study esti-
mating average AGB by country and biome based on
pan-tropical biomass maps [47, 48], and converted to
total (above and below ground) biomass carbon using
the expression proposed by [48]. We assessed the
uncertainty in resulting CO2 emissions embodied in
production and exports of our case commodities with
respect to underlying uncertainties in estimated bio-
mass values (based on the confidence intervals for
AGB estimates reported by [47], and assuming a nor-
mal distribution) by conducting a Monte Carlo analy-
sis, running the calculations 1000 times with AGB
assumptions randomly drawn from the assumed dis-
tributions (see table S2).

In Brazil, Argentina and Paraguay we considered
land clearing both in the rainforest (Amazon and
Atlantic forest biomes) and dry woodland biomes
(Cerrado and Chaco biomes), as cattle ranching and
soybean cultivation have contributed to LUC in both
types of ecosystems [49]. We also accounted for

Figure 1.Total global primary exports (left vertical axes) of the four forest-risk commodities analyzed, for the period 2000–2011,
highlighting the amount of exports coming fromour case countries for each commodity. The share of global production that is traded
on internationalmarkets is also displayed for each commodity (right vertical axes). All units are inmillion tons, except wood product
values which are inmillion tons of carbon.Data: own calculations based on FAOSTAT (http://faostat3.fao.org).

5
The term here refers to exports from the countries where the

primary commodity is produced, as opposed to countries that
import a commodity and export it—often after processing-again.

4
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ROW= Rest of the World Henders et al., 2015



Conversion dans l’usage des sols dans 7 pays d’Asie et d’Amérique 
Latine (en millions d’ha. / an) et source de cette conversion

double cropping of soy with wheat and sunflower in
Bolivia and corn in Brazil, allocating LUC area and
CO2 emissions between the different products based
on the revenues achieved over time. This approach
allocates greater emissions responsibility to the more
profitable crop, based on the assumption that it is the
main driving force behind LUC. Below the LUC area
and emissions from double cropping are reported as
part of the soy results (separate results can be found in
the SI).

Data on deforestation and clearing rates in the
individual countries was gathered from the scientific
literature, combining latest data from pan-tropical (or
global) remote sensing analyses [14, 44] with regional
or national level data [50–58]. Where available, we
used analyses of proximate LUC drivers based on
remote-sensing methods [e.g., 21, 59–64]. Where
remote-sensing data only had partial spatial or tem-
poral coverage, we extended it using ancillary data
such as national agricultural statistics. The assump-
tions regarding LUC rates in our case countries and
the attribution of deforestation to the case commod-
ities are summarized infigure 2.

For the trade analysis we updated and recalculated
data from Kastner et al [2, 43] for the four commod-
ities and the years 2000 to 2011. The required input
data on yields, total production and physical trade
flows was obtained from the FAO’s statistical database
FAOSTAT [1]. Trade flows of the four commodities

and their associated secondary products (table S1)
were translated into primary commodity equivalents
for the agricultural products, and in carbon equiva-
lents in the case of wood products, using conversion
factors based on carbon content. For the bilateral trade
flows we gave priority to reported import flows
[see 39]. However, the use of export flows as a test case
yielded nomajor differences in results.

For some combinations of specific commodities,
countries and years, our results for apparent con-
sumption showed negative values (which we decided
not to exclude). This suggests that a country’s exports
of a commodity (in primary equivalents) were larger
than its domestic production and imports (in primary
equivalents), e.g., in the case of Papua New Guinea,
where for some years the reported wood exports to
China were larger than the country’s entire reported
roundwood production. Considering the laws of mass
balance this is impossible, so that the occurrence of
negative values highlights inconsistencies in input
data, which could in some cases be an indication for
illegal logging and trade activities [65].

3. Results

We find that in the period 2000–2011, an average
deforestation area of 3.8 Mha and LUC emissions of
1.6 GtCO2 was embodied in the production of beef,
soy, palm oil, and wood products in our seven case

Figure 2.Total rates of land-use change (LUC) and attribution to our case commodities for the seven case countries in the period
1990–2011. Shaded colored areas represent deforestation attributed to each of the four analyzed commodities—beef, soybeans, palm
oil andwood products—with striped areas representing forest areas selectively logged prior to clearing. The remaining deforestation,
not attributed to our case commodities, is labeled other and includes both commercial and non-commercial proximate drivers of
forest loss. The lack of annual deforestation data formost countries prior to 2000 explains the apparentflat levels of deforestation in
the 1990s. See the SI for details and underlying data sources.
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Fighting deforestation becomes 
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Figure 13: The successful 76% reduction in deforestation in Brazilian Amazon was achieved through unity of command and 
unity of efforts. A task-force involving 13 ministries was created to elaborate a plan for combating deforestation. This plan, which 
became operational in March 2005, included actions within three areas: command and control (or law enforcement), regulariza-
tion of land use and tenure, and incentives for sustainable economic activities (Source: Nepstad, 2014).

Nepstad et al., 2014

Des poli3ques coordonnées à l’échelle na3onale et interna3onales qui peuvent générer des 
transi3on écologique des systèmes économiques: exemple de la déforesta3on au Brésil
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Les facteurs expliquant la transition forestière

Effets positifs Effets négatifs

Urbanisation et migration Croissance démographique

Croissance du PIB Taux de corruption

Tertiarisation de l’économie Surfaces forestières

Sécurisation des droits de propriétés privés 
ou communautaires

Commerce international

Productivité agricole Taux de change réel

Système de suivi et actions contre les 
pratiques illégales
Volonté politique de lutte contre la 
déforestation 


