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•  Atténuer le changement climatique… 
•  S’adapter au changement climatique… 
•  Réhabiliter, restaurer les écosystèmes, les sols… 
•  Conserver la biodiversité, réintroduire des 
espèces… 
•  Améliorer, piloter les fonctionnement des 
écosystèmes et des services écosystèmes… 
•  Produire durablement des matériaux, de 
l’énergie… 
•  Inventer l’agro-écologie… 
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Les défis du développement durable 



•  Concilier les objectifs. 

•  Contrôler les effets collatéraux indésirables. 

•  Conserver et construire des systèmes 
écologiques adaptables, évolutifs (résilience). 

•  Assurer un fonctionnement et des services 
stables (résistance). 

•  Raisonner les choix: scénariser, prédire, 
modéliser. 
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•  L’écologie voit le monde comme un « tout » 
indissociable (biologique, physique, chimique). 
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•  L’écologie voit le monde comme un « tout » 
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•  L’écologie analyse les systèmes écologiques, 
résultant des lois de la thermodynamique et de 
l’évolution darwinienne. 
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•  L’écologie voit le monde comme un « tout » 
indissociable (biologique, physique, chimique). 

•  L’écologie analyse les systèmes écologiques, 
résultant des lois de la thermodynamique et de 
l’évolution darwinienne. 

•  Ces systèmes sont des réseaux d’interactions entre 
organismes vivants et environnement non vivant.  

•  Ces réseaux sont nécessairement dynamiques. 

•  Les organismes répondent aux variations de 
l’environnement et le modifient activement. 
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Emergence de l’ingénierie écologique (IE) 

•  L’IE désigne le corpus des savoirs mobilisables pour la gestion de 
milieux, la conception, la réalisation et le suivi d’aménagements ou 
d’équipements inspirés de, ou basés sur, les mécanismes qui 
gouvernent les systèmes écologiques (auto-organisation, diversité, 
structures hétérogènes, résilience, par exemple) (CNRS 2008). 

•  L’IE est “la manipulation, le plus souvent in situ, parfois en conditions 
contrôlées, de populations, de communautés, d’écosystèmes” (Abbadie 
2008). 

•  Il s’agit de “passer d’une instrumentalisation involontaire et non 
structurée (des systèmes écologiques) à une instrumentalisation 
explicite et maîtrisée, c’est à dire construite sur les organisations et les 
dynamiques écologiques qui ont été testées et validées par le crible 
de l’évolution” (Abbadie 2008, modifié) 
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Principes pour l’action (1) 

•  Les ressources, les contraintes, le milieu, la 
biodiversité, forment un tout indissociable. Les 
systèmes écologiques (populations, 
communautés, écosystèmes, la Planète), sont 
des… systèmes ! 

Ø  Une approche holistique, une approche de la 
complexité: expliciter et gérer des interactions. 

•  Toutes les composantes, toutes les fonctions, 
tous les services sont-interdépendants ! 

Ø  Pilotage multi-variables, multi-objectifs. 
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•  Les systèmes écologiques sont des systèmes 
évolutifs. 
Ø  S’assurer du caractère adaptatif des 

écosystèmes et de la réversibilité des actions. 
Caractériser l’état et les états potentiels des 
écosystèmes et des services: structures clés. 

•  Les êtres vivants ne font pas que répondre à 
l’environnement, ils le modifient. 
Ø  Passer de l’impact aux feedbacks. Sinon, 

scénarios et stratégies non fiables. 

Principes pour l’action (2) 



Institute of Ecology and Environmental Sciences - Paris 

Institut d’Ecologie et des Sciences de l’Environnement de Paris 

Principes pour l’action (3) 

•   Les écosystèmes sont inclus dans des méta-
écosystèmes. 

Ø  Penser en termes de méta-écosystèmes, de 
continuités écologiques, de dynamiques 
régionales et planétaires. 
•  Tous les organismes vivants ont un potentiel de 
croissance exponentielle. 
Ø  Les organismes vivants, la biodiversité sont 
des outils puissants d’ingénierie écologique et 
de manipulation des services écosystémiques. 
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Principes pour l’action (4) 

•  Les services écosystémiques sont une vision 
socialisée de la nature. 

Ø  Penser d’abord en termes de structure et de 
fonction des systèmes écologiques, en termes 
de services écosystémiques potentiels. 

•  Les services, actuels et potentiels, ne sont 
qu’une faible partie des patterns et des processus 
écologiques. Les écosystèmes ne sont pas que 
des fournisseurs de services ! 

Ø  Conforter les dynamiques spontanées, gare à 
l’excès d’artificialisation ! 
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Mitigation par forestation 

zonia, but cooling that mitigates warming in mid-
latitudes (39). The B1 narrative storyline is a low
greenhouse gas emission scenario. Farm abandon-
ment and reforestation yield loss of farmland by
2100 because of assumed increases in agricultural
efficiency and declining population (fig. S1). The
model simulates 1°C warming in the absence of
land cover change and weaker land-use forcing.

When the carbon cycle is included, the dif-
ferent SRES storylines of fossil fuel emission and
land use may yield similar 21st-century climates
despite vastly different socioeconomic trajectories
(9). Widespread expansion of agriculture in A2
leads to biogeophysical cooling. Biogeophysical
processes lead to warming in B1, primarily because

of temperate forest regrowth. In the A2 and B1
storylines, net carbon loss fromdeforestation causes
biogeochemicalwarming, greatest inA2because of
extensive deforestation and weaker in B1 because
of temperate reforestation and less tropical de-
forestation. Biogeochemical warming offsets bio-
geophysical cooling in A2 to provide net global
warming. The B1 net warming is similar to A2
because moderate biogeophysical warming from
temperate reforestation augments weak biogeo-
chemical warming from tropical deforestation.

Research Needs
Through albedo, evapotranspiration, the carbon cy-
cle, and other processes, forests can amplify or damp-

en climate change arising from anthropogenic
greenhouse gas emission. Negative climate forcing
in tropical forests from high rates of carbon accu-
mulation augments strong evaporative cooling (Fig.
3A). The combined carbon cycle and biogeophys-
ical effect of tropical forests may cool global cli-
mate, but their resilience to drought, their status as
carbon sinks, interactions of fires, aerosols, and
reactive gaseswith climate, and the effects of small-
scale deforestation on clouds and precipitation are
key unknowns. The climate forcing of boreal forests
is less certain (Fig. 3C). Low surface albedo may
outweigh carbon sequestration so that boreal forests
warm global climate, but the net forcing from fire
must also be considered, as well as effects of dis-

Tropical forestsA Temperate forestsB Boreal forestsC

D

Strong
evaporative
cooling (−)

Strong
carbon
storage (−)

Moderate
albedo
decrease (+)

Disturbance, fires and aerosolsClouds and precipitation, fires,
aerosols and reactive chemistry

Moderate
evaporative
cooling (−)

Strong
carbon
storage (−)

Moderate
albedo
decrease (+)

Biogeography

Weak
evaporative
cooling (−)

Moderate
carbon
storage (−)

Strong
albedo
decrease (+)

Natural
vegetation

Croplands

Tropical forest
Temperate forest
Boreal forest
Savanna
Grassland/Shrubland
Tundra
Semi-desert/Desert/Ice

0-10%
10-20%
20-30%
30-40%
40-50%
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70-80%
80-90%
90-100%

Fig. 3. Climate services in (A) tropical, (B) temperate, and (C) boreal forests. Text boxes indicate key processes with uncertain climate services. (D) Natural vegetation
biogeography in the absence of human uses of land and cropland (percent cover) during the 1990s. Vegetation maps are from (51).
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Forests in Flux
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Mitigation et réseau trophique 

use of the Polmak area in the two districts. In the
Norwegian Rákkonjárga district, herders move
their animals between coastal summer pastures on
the Varanger peninsula and winter pastures in the
interior. Grazing in the Norwegian section of the
study area is hence effectively limited to late au-
tumn/winter with considerable variation between
years (Magne Andersen, Rakkonjárga district, pers.
comm.), whereas, in the Finnish section, the ani-
mals in principle have year-round access. Although
rotational grazing has often been enforced within
many Finnish districts by erecting fences between
designated summer and winter grazing areas
(Kumpula and others 2011), no such fences are
present within the Kaldoaivi district. However, the
main grazing in the Finnish Polmak region appears
to take place during the spring and summer
months, whereas the herds tend to move south and
east during the winter (Niko-Heikki Länsman,
Kaldoaivi district, pers. comm.).

Study Design

In 2011 an experimental herbivore exclosure/con-
trol setup was established as a basis for what is
intended as a long-term study of the influence of
mammalian herbivores on the regeneration
capacity and successional pathways of birch forest
ecosystems following severe outbreaks of geome-
trid moth (Jepsen and others 2013, 2009). The
experimental design was replicated on both sides of

the fenced Norwegian–Finnish border to capture
the contrasting grazing regimes in the two districts.
Briefly, the setup consists of six fenced 30 9 30 m
large herbivore exclosures on either side of the
border, each matched by an open 30 9 30 m con-
trol plot in the immediate vicinity. Within each
exclosure there are 10 caged 50 9 50 cm rodent
exclosures, again matched by 10 open controls
within the exclosure and 10 controls in the open
30 9 30 m plot. In the current study, we address
the state of the birch forest ecosystem under the
two contrasting grazing regimes at the time of
establishment of the experimental exclosures. The
field data were collected immediately after the ex-
closures were erected, and are assumed unaffected
by the presence of the exclosures. All study plots lie
within an area bounded by a rectangle extending
about 600 and 1200 m in the E–W and N–S direc-
tions, respectively. They are therefore expected to
be exposed to the same weather conditions, with
no systematic differences between the two sides of
the border. In particular, any systematic differences
in the duration of snow cover could clearly affect
our interpretations. However, we found no evi-
dence for such a difference (see Appendix 1 in
supplementary material). In the following we treat
all 12 plots in each country as replicates and the
measurements in all the 50 9 50 cm sampling
squares were treated as observations nested within
these replicates. In addition to shedding light on
the long-term effects of grazing on the structure

Figure 2. Conceptual view of the top-down effects of grazing and browsing on key components of the birch forest
ecosystem, including potential climate feedback via changes in albedo.

894 M. Biuw and others

terms of the probability of obtaining non-zero
counts (contrast parameterclass 1:2 = -0.67 ± 0.67,
p < 0.323; contrast parameterclass 1:3 = -2.85 ±
0.93, p < 0.01), and also showed that this proba-
bility was significantly higher for WG plots com-
pared to YRG plots (contrast parameterF:N = 2.18 ±
0.66, p < 0.0001). Reasonably high numbers of
saplings of the middle size class (saplings between
0.2 and 0.5 m) were observed in the WG regime
(mean 0.041, median 0.00, Q5–95% 0–0.139),
whereas no saplings of this size class were observed
in the YRG regime. For the largest size class, no
saplings were again observed in the YRG, and the
total number of saplings observed in the WG re-
gime had dropped to 3.

The long-term effect of regeneration from sap-
lings was marginally different between the two
regimes. The number of trees observed per plot in
the YRG regime was not significantly lower than in
the WG regime (28.4 ± 6.7 and 33.1 ± 9.0,
respectively, Wilcoxon Wa=0.05, df=11 = 48.5,
p = 0.183, Figure 6B). However, there was a small
but statistically significant difference in the nearest-
neighbour distance between trees within YRG plots
compared to within WG plots (4.9 ± 2.4 m and
4.3 ± 2.1 m respectively; glmmgamma likelihood
ratio test v2

df¼1 = 86.14, p < < 0.001, Figure 6C).

Snow Depth, NDVI, and Albedo

The long-term average maximum snow depth, as
estimated from the height of occurrence of P. olivacea
on the trunks of birch trees, was slightly but signifi-
cantly higher in the WG regime compared to the

YRG regime (72.0 (± 22.1) and 61.6 (± 18.1) cm,
respectively (glmm, likelihood ratio test:
v2

df¼1 = 3.98, p = 0.046). Figure 7 shows the general
difference in NDVI and albedo between YRG and WG
regimes from early spring to late summer. In early
spring, NDVI was low and similar on both sides of the
border, but as snowmelt progressed and NDVI in-
creased in mid-April, values became significantly
higher in the WG regime. During the summer
months, NDVI remained slightly ("1.5%) but sig-
nificantly higher in the WG side. In contrast, spring
albedo before snowmelt was significantly and con-
sistently about 5% lower in the WG regime com-
pared to the YRG regime. This difference disappeared
as snowmelt progressed, and by early June values
were similar on both sides of the border (Figure 7).

DISCUSSION

We have demonstrated how a wide approach to
ecosystem sampling in combination with remote
sensing dataset analyses can be used to describe the
multiple possible linkages between grazing/brows-
ing and climate feedback in the arctic FTE system.
Although focused process studies and experimen-
tation will be required to fully describe the complex
mechanisms and dynamics along as well as be-
tween distinct main pathways, this broad approach
nevertheless provides an informative snapshot of
the situation after a long period of contrasting
grazing/browsing regimes, and identifies the likely
main processes responsible for the observed differ-
ences. Indeed, our results can also be used to bring
attention to pathways and processes, where in-
creased research effort may be particularly impor-
tant and rewarding.

By far the clearest ecosystem contrasts between
Finnish year-round grazing and Norwegian winter
grazing plots were in the birch tree layer, most
dramatically through significantly fewer basal
shoots and fewer trunks on trees in YRG compared
to WG plots. We also found some evidence for a
reduction in tree recruitment from saplings in the
YRG regime which may explain the slightly re-
duced forest stand density compared to the WG
regime. Previous studies have demonstrated that
increased vegetation density and vegetation pro-
truding from the snowpack can have a large effect
on, for instance, the timing and rate of snowmelt
(Grippa and others 2005; Loranty and others 2011;
Lundberg and Beringer 2005; Marsh and others
2010; Pomeroy and others 2006), via the reduction
in total surface albedo (Ménard and others 2012).
The significantly higher spring surface albedo on
the mainly summer-grazed Finnish side compared

Figure 7. Seasonal development of the difference in
NDVI and albedo between Finland (YRG) and Norway
(WG). Dots represent means whereas black bars represent
standard errors.

900 M. Biuw and others
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Dans le Yunnan (Chine), le 
mélange d’une variété de 
riz résistante à un 
pathogène (1/4 rang) à la 
variété sensible (3/4 rangs) 
conduit à une augmentation 
de 89 % de la production et 
une baisse du taux 
d’infestation de la culture 
par le pathogène de 94 %.   

Zhu	
  Y.	
  et	
  al.	
  2003.	
  
Bioscience	
  53:	
  158-­‐162	
  

Diversité génétique et production 
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  L’îlot de chaleur urbain 

4°C	
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•  Albedo urbaine: 0,1 à 0,2. Evapotranspiration faible 
•  Besoin élevé en climatisation. 
•  Solution technique: couleur des bâtiments. 
•  Solution écologique:  

•  Arbres des rues (réduction de 15 à 35 % du 
besoin de climatisation).  
•  3 arbres de rues par bâtiment = 5-10 % d’énergie 
économisée (climatisation et chauffage). 
•  Manchester: réduction de 7°C par les toits verts 
en cas de pic de chaleur  

L’îlot de chaleur urbain 
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  Le cycle de l’eau en milieu urbain 

•  Bruxelles:  

•  Les toits végétalisés réduisent de 54 % la 
quantité d’eau relâchée par les bâtiments.  

•  10 % de toits végétalisés réduiraient de 2,7 % le 
ruissellement régional. 

•  Stockage de l’eau sur les toits: gain ultérieur de 
transpiration et de rafraichissement. 

•  Manchester: 20-23% de ruissellement en moins en 
cas de verdissement des toits. 
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  La biodiversité urbaine 

•  Toits végétalisés de Basel (Suisse): 

• 175 espèces végétales (3 Orchis liste rouge) 
•  25 espèces d’oiseaux (2 en liste rouge). 

•  172 espèces de Coléoptères (10 % en liste 
rouge). 

•  Araignées: 40 % d’espèces rares. 
•  Toits végétalisés de Londres: 

•  59 espèces d’araignées (9 % de la faune 
britannique !). 
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Messages 

•  L’humanité est partie intégrante du méta-écosystème 
planétaire. 

•  La dynamique des ressources (pour l’homme) est en 
interaction avec la dynamique des systèmes écologiques. 

•  Le vivant présente un POTENTIEL ELEVE ET RAPIDE de 
modification de l’environnement: c’est un outil efficace et 
puissant d’intervention, qui présente des risques. 
•  Intervenir sur l’environnement, c’est faire de l’écologie ! 

•  C’est raisonner en termes de système. 
•  C’est mobiliser l’approche interdisciplinaire des 
questions. 
•  C’est intégrer une variété d’échelles de temps et 
d’espace. 
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Merci pour votre attention ! 

i EES Paris 


