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Box 53

The traditional farming system in the Rio Negro area, 
a source of agrobiodiversity

Often criticised, traditional 

slash-and-burn cultivation 

does have its advantages. 

In particular, it ensures a great

richness of cultivated plants. 

The recognition of the Rio Negro

Amerindian farming system 

as an immaterial heritage in Brazil 

is opening pathways for the use 

of the remarkable biological

resources and knowledge 

in traditional agricultural 

practices.

In northwestern Brazilian Amazonia, 
IRD researchers and various Brazilian
institutions have shown within 
the framework of the PACTA project 
the great diversity of cultivated plants 
in the traditional Rio Negro farming
system. 
More than a hundred varieties of bitter
cassava and about two hundred other
species or varieties have been recorded.
This agrobiodiversity is accompanied 
by a rich food heritage based essentially
on cassava (beer, tortillas, condiments,
roasted semolina, etc.). 

The existence of this broad range 
of phytogenetic resources results 
from agroecological criteria (strategy 
for resistance to pests and diseases, 
the staggering of harvests and
adaptation of many ecological niches
among others) and also cultural 
and not only farming models 
of crop management. 

In the Rio Negro area, possessing
numerous varieties of cassava 
is something to be proud of, as is taking
care of them; there is constant interest
and curiosity about the testing 
of new varieties. The female farmers
pass around cassava cuttings, banana
plants and seeds of other crop plants 
all the time. The conservation of plant
diversity thus operates at a collective
scale covering a radius of several
hundred kilometres. 
Cuttings and seeds are given, 
exchanged or passed on according 
to procedures that depend on the type
of plant. Fruit species are passed
around mainly among the men 
and cassava and companion plants 
more among the women.

The environmental impact 
of slash-and-burn is usually limited 
to the annual clearing of less 
than half a hectare. 
It takes about a dozen years for forest
cover to become reconstituted 
in the scarred area.

In 2010, this traditional farming system
was recognised as an immaterial
national heritage. 
For Brazil, it is the first time that such 
a listing makes explicit reference 
to the notion of system and concerns 
a both biological and cultural good.
Official recognition opens pathways 
for making use of the remarkable
biological resources and knowledge
associated with traditional types 
of agriculture. 
However, it should not be forgotten 
that these singular types of agriculture
are not limited to the technical aspect
but also reveal other conceptions 
of the world and society.

Cassava tubers 
set out for retting at Santa Isabel
on the Rio Negro (Brazil).
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generations. But the recognition of diversity as a source of adaptability contributes to the

redefinition by decision makers of certain practices of small farmers whose agrosystems

are widely recognised as regards the maintaining of great diversity of species and

cultivated varieties. 

Through many studies on small farming in the South, IRD contributes to better

understanding of local innovation and experiments leading to the diversity of cultivated

plants. The example of the research carried out in the Rio Negro drainage basin in

Brazilian Amazonia shows clearly how agricultural practices and knowledge generate

and maintain considerable biodiversity (Box 53). Through the diversity of the food

resources that they generate, such farming systems also form a lever to ensure the food

sovereignty of populations.

Practices that adapt to climate variability

As is highlighted by the examples of agrobiodiversity mentioned above, farmers’

strategies and practices are far from being immutable, but adapt to changes in the cli-

mate and the environment. The large amount of work carried out by IRD in sub-Saharan

Africa also shows how a rural population that is very dependent on rainfed agriculture

has had to handle a change in the rainfall regime over the last 60 years. 

Within the framework of the ESCAPE project run by IRD, thousands of surveys

conducted in Senegal, Niger and Benin show that farmers clearly perceive the changes

in climate and adapt to them. In Senegal for example, the rains have returned for about

15 years and farmers have changed the millet varieties used, going back to those grown

before the start of the great droughts (1960), outstripping the models that would have

advised them to do the same thing! Adaptation strategies are complex nonetheless.

With the same perception of the change in rainfall, researchers observed many trajectories

responding to different constraints and in particular to the economic situation. 

Numerous strategies are also used in the Andes to reduce climate risks. Farmers

mix several types of crop plant in the same field, cultivate numerous plots to optimise

exposure to the sun and spread the risks of frost or adjust sowing dates and the varieties

grown to adapt to the changes in rainfall.

The capacity for local farming practices to adapt to climate and environmental

changes is often not recognised by those who believe in a productivity approach. Work

on beekeeping in Morocco clearly shows the tension between strategies with emphasis

on productivity and those favouring robustness in the face of climate uncertainty

(Box 55).
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Box 54

The agroecosystem in the Niakhar zone 
is becoming diversified with the return of rainfall

Researchers working within 

the ESCAPE project led by IRD 

show that farmers in the Niakhar

groundnut area in Senegal have

adapted to the climate variations 

of the past 60 years. 

With the return of rainfall 

at the end of the 1990s, 

the agroecosystem was diversified,

with revised use made 

of the practices that existed 

before the drought years.

Small family farming in Senegal 
must ensure food security for a rapidly
growing population and adapt 
to new climate, environmental 
and market constraints (droughts,
extreme events, decrease in soil fertility
and biodiversity, shortage of land 
and the destructuring of the groundnut
sector)—while using mainly rainfed
systems and tools several centuries old.
In this difficult context, farmers 
have succeeded in extending the limits
of their agrarian system and have
developed strategies to prevent land
saturation through crop intensification,
extension of cultivated land, the adoption
of certain innovations, the development
of a migratory system, etc. 

New opportunities have emerged 
since the beginning of the 21st century.
On the one hand urban markets 
have grown and on the other rainfall 
has increased to levels close to those
prior to the great droughts. 
The single agrarian model used 
at the beginning of the 20th century was
affected considerably by environmental
and economic crises. 

In the Niakhar area, the agroecosystem
is following diversified agricultural
pathways but also using old practices
and forms of organisation, especially
now that abundant rainfall has returned.
The reintroduction of livestock farming,
the development of cattle fattening, 
the beginning of the regeneration 
of acacias, the return to the cultivation 
of long cycle millet and market gardening
are clear signs of these changes. 
They reveal reactiveness, flexibility 
and capacity for the diversification 
of the socio-ecological
and production system.

However, farmers also perceive 
the fragility of these innovations 
that are at risk from climate and 
market uncertainties. 
For example, Serer farmers have
cautiously started to grow long cycle
millet (that requires more rain) 
but without replacing short cycle grain
completely. The scenarios drafted 
by climatologists confirm these fears,
forecasting more extreme precipitation
events (violent storms) and even higher
temperatures in the near future.

Harvesting and storage 
of ears of millet 

in the Niakhar region 
(Senegal).
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Box 55

Moroccan beekeeping 
in the face of climate uncertainty

Beekeeping is particularly

sensitive to variations in climate. 

For example, poor flowering can

decimate entire colonies of bees.

Researchers of the GRED unit and

their Mediterranean counterparts

are examining how beekeepers 

in southern Morocco are handling

climate uncertainties and 

the increased demand for honey.

Beekeepers in southern Morocco 
have always been able to handle 
climate risks with the help 
of the Saharan honeybee. 
This subspecies of Apis mellifera
is economic in terms of water 
and honey and can withstand variations
in temperature. 
However, colonies can be decimated 
to a considerable extent in very dry
years when flowers are rare. 
The population of these bees 
recovers very rapidly when conditions
are favourable again. This is possible
thanks to their swarming capacity. 
Under conditions of uncertain flowering
in a semi-arid environment, beekeepers
work with this extreme variability 
in numbers. As much as 90% can be lost. 
In difficult years, the stock is partially
conserved both by beekeeper 
who supply a few hives with honey, 
figs or dates and by wild swarms that
occupy and survive in natural cavities.

Beekeeping in Morocco has changed
scale and practices over the past 
decade to meet growing demand.
Beekeepers have adapted to the market
and also to climate deterioration 
in two main ways: by the more or less
systematic feeding of bee colonies 
or by taking hives to reliable flowering
areas as they are irrigated (orange
groves for example) and also to places
with spontaneous occasional but
massive flowering periods (euphorbia
steppes in southern Morocco or thyme
vegetation areas in the mountains).
However, both these forms 
of adaptation are subjects 
for controversy within the profession.
Migratory beekeeping has favoured
genetic hybridisation that reduces 
the ecological advantage of Saharan
bees under difficult climate 
and ecological conditions. 
Feeding is criticised for its little-known
effects on the health and strength 
of the bees.

Today, the two systems seem 
to be mutually opposed in a classic 
‘the ancients versus the moderns’ 
face to face. But mutual recognition,
interactions and persistence 
side by side would ensure greater
stability, stemming from diversity itself.
The issue is in particular that 
of reintegrating environmental
adaptation qualities in bee selection
whereas agronomic research today
favours criteria of productivity 
and of docility.

Collecting a swarm 
of wild bees in an argan tree 
at Jbel Ghir 
(southern Morocco).
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Irrigated rice fields 
on terraces 
with dammar agroforest 
in the background 
(Sumatra, Indonesia). Technical solutions 

to strengthen adaptation capacity

Projections of climate change and its impacts suggest that times will be hard for

tropical agriculture if climate warming reaches +2°C. A new phenomenon in its rapidity

and scale, might such an increase exceed famers’ reactiveness threshold? The agronomic

research sector is exploring solutions for strengthening the adaptation capacity of small

farming, such as the search for techniques or varieties that improve the resistance of

farming systems to drought. 

Old practices such as agroforestry are also being updated. This system is found

from the humid tropics to semi-arid regions. In a context of climate change, the main

advantage of agroforestry is that it lowers local temperatures by several degrees. The

shade given by trees also reduces the evapotranspiration of crops. The combination of

trees and crops improves carbon sequestration and has many other useful ecological

features (erosion control, fertility and infiltration of moisture). In a context of uncertainty,

the diversity of the resources generated by crops and also by forests (timber and other

forest products) is also an economic strong point. 

Beyond agronomic research, innovation pathways are also focused on the development

of economic facilities such as access to loans and insurance and also information systems

and climate warning systems.
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Box 56

Fungi to the aid of degraded ecosystems

In 2005, eleven African countries

launched the ‘Great Green Wall’, 

a vast tree-planting project 

running from Dakar to Djibouti 

and aimed at combating 

the desertification of the Sahel. 

In the research work mobilised 

by the project, that of IRD shows 

the importance of symbiotic

microorganisms in the rehabilitation

of degraded environments and 

the resistance of agrosystems 

to drought. 

In the Sahel, deforestation causes soil
degradation and even desertification 
in some strongly degraded zones. 
The Great Green Wall project was
launched in 2005 by eleven Sahel
countries to fight this phenomenon 
and encourage tree replanting in a strip
15 km wide and 7,000 km long. 
A committee of specialists on trees 
and arid environments that included 
IRD scientists was asked to determine
the most suitable techniques and 
to choose the species best matched 
to the context of the Sahel.

The researchers recommended 
in particular the use of mycorrhizal
symbiosis, a natural phenomenon 
of association between a plant 
and a fungus. 
The fungus plays a capital role in water
and mineral supply for the host plant
through the uptake of nutrients 
in the soil with little mobility, 
such as phosphorus, and transporting
them to the host. 

Although it is agreed that optimum 
plant development is attained 
when mycorrhizal infection is high, 
there have been only a few studies
under real conditions in arid 
and semi-arid regions. 

In particular, the scientists showed
during studies conducted in Senegal
and Morocco that the introduction 
of fungi using facilitating or ‘nurse’ plants
adapted to the environment is more
effective than the biotechnological
approach with mass inoculation 
of a high-performance strain of fungus.
This in situ management allows 
the development of a richer, more
abundant mycorrhizal community. 

When the management of fungi 
present in the soil is successful,
symbiosis improves plant growth 
in degraded soil in arid environments, 
in particular thanks to better use 
of water resource, conferring greater
resistance to water stress. 

Aerial view of a GMV project forest nursery 
at Widou (north-east Senegal).

© Mona Lisa production
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M
ost of the studies addressing the impacts of climate change consider

that the people in the South—and especially farming communities and

the native population of some 350 million people—are passive victims.

It is true that these societies are still largely rural and particularly

involved in climatic events as they are often dependent on food crops and local resources.

However, human sciences have also shown that these societies create knowledge and

know-how that are not only useful for their own development in changing climate

systems but that are also valuable at the international scale (resources in tools, practices

and, beyond this, system viability and relations between man and nature, etc.). The

experience and knowledge of these societies as regards climate, nature, the environment

and the changes that affect them are thus an essential part of understanding climate

change. 

However, the international community is slow in taking the measure of these local

adaptive responses. Climate change undoubtedly induces new international socio-

environmental measures that involve a host of stakeholders, each with frequently

divergent legitimacy and interests (see p. 182). Decision makers opt to concentrate their

priorities on the economic and environmental consequences of climate warming, thus

justifying a top-down decision process that leaves very little room for the analysis and

Chapter 17

A fresh look 
at local knowledge

In northern Cameroon, 
the Duupa grow sorghum,
taking care to maintain 
great varietal diversity 
in particular through
exchanging seed 
with family and neighbours.

© IRD/A. Barnaud
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support of local initiatives. The commitment chosen here is to favour a complementary,

resolutely bottom-up approach based on understanding local adaptive strategies and

taking them into account to a greater degree in the construction of international

mechanisms for adapting to the various climatic scenarios.

Local perception 
and knowledge of climate

Perception of the climate is a key component of popular understanding of climate

change. For example, farmers in the Sahel brought back practices that existed before

the great droughts of 1970 to 1980, showing their observation, perception and response

to the return of the rains since the end of the 1990s. Multidisciplinary scientific work

seeks in particular to show all the dimensions involved in representations of changes and

risks. For example, the perception of rainfall is related to water requirements and hence

to farming systems, water management, etc. When the water requirements of a farming

system increase, as is the case in particular of commercial soya and maize crops, the

Irrigated gardens 
in a valley bottom 
in the dry season 

in Niger. ©
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amount of rainfall considered as sufficient increases and a year considered as being

normal in climatology is then perceived as a drought year. Another example was

recorded by IRD: farmers in Argentina consider that drought and floods are the most

adverse climatological factors rather than frost or heat waves because crop yields are

sensitive to the rainfall regime above all. Here, the perception of the climate by farmers

is linked to greater or less vulnerability to climatological variables.

The inherent constraints 
of study of this knowledge

However, understanding local perceptions of climate and the resulting decisions

taken is still very uneven and has gaps. Researchers can perform relatively good analyses

of farming strategies during the seasons within an annual cycle. There is no lack of research

work in the literature that takes intra-annual seasonal variations into account. In contrast,

there are fewer studies based on the analysis of inter-annual climate fluctuations as they

need to be repeated for several successive years. However, understanding the responses

of rural societies to such fluctuations in the short term is hardly sufficient if it is wished to

use these responses in long-term management models. Indeed, certain bioclimatic

events—especially those following El Niño—may only occur very rarely during a person’s

lifetime. Responses to environmental changes that take place at a longer time scale

remain a matter for speculation, especially when knowledge is only used sporadically

and transmission is essentially oral, limiting historical depth. The major tendency to fund

only short-term research (with a time step no longer than 3 years) makes it impossible for

the scientific community to base its analysis on a long period although this is necessary

for addressing these questions effectively.

The legitimisation of local knowledge

The interest of the scientific community in local knowledge (also called native, com-

munity or traditional knowledge) as an expression of a type of sustainable management

of the environment goes together with the emergence of the biodiversity paradigm.

Although anthropologists have always examined the local knowledge that is in essence

a pathway for learning about the cosmogonies of these peoples, it was only in the early

1980s that scientists at IRD began to explore this knowledge from the angle of sustainable

management.

This research contributed to the legitimisation of local knowledge that had long

been ignored or even scorned by experts from the North who wanted to transfer

their technological packages to intensify the agrarian systems of farmers in the South.
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In the 1970s, just a few researchers criticised the arrogance of these expert solutions and

demonstrated the relevance of farmers’ local knowledge. The debates were extensively

reported and empirical work by IRD researchers showed the use of local practices that

are adapted to the opportunities and constraints of the environment.

There is now no longer any doubt that the knowledge and know-how of local popu-

lations in the South, generally backed by strong social cohesion, show the functional

flexibility of their farming strategies as a gage of their capacity to adapt. These societies

maintain as a base a range of activities that complement each other in a reasoned

succession of crops during the seasons marking annual and inter-annual cycles, together

with alternating mobile and sedentary phases to optimise the gathering of both wild and

domesticated resources scattered through the territory.

The 1992 Convention on Biological Diversity (CBD) recognised in particular that

local knowledge is essential for the conservation of biodiversity. Today, cultural diversity

is recognised as an essential dimension of biodiversity and agrobiodiversity. Local

knowledge and know-how, whether they concern climate, the environment, farming

systems, biodiversity or ecosystem services, are used increasingly in development and

conservation programmes for reasons of their importance for the conservation of certain

ecosystems. This knowledge is recognised as providing economical and effective

solutions that are hence sustainable, and also as bearing ethical and heritage values.

It thus becomes the flag of procedures that are more just and fair. Here, reference to this

knowledge is an inevitable component of statements that are ecologically correct. 

Family rice growing 
on terraces 

in Madagascar.
The know-how 

of Malagasy farmers
contributes 

to the sustainability 
of the farming system. ©
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‘Biotemporal markers’

One of the most astonishing facets of local naturalist knowledge concerning climate

is formed by the ‘biotemporal markers’ used by populations in the South to plot the

calendar of their work. Perception of these signals and hence the ability to anticipate a

change of season is a determinant stage in the management of a farming system. This

perception governs management of the risks inherent in the fluctuation of the availability

of resources in time, affecting the success of sowing, of a hunting operation, of the

gathering of a forest product with strong economic value or the livestock reproduction

cycle. The signals form a corpus of visual, olfactory, sound and tactile stimuli emitted

by surrounding nature, with each signal being just one component among others of a

set of convergent indices that society has to use to finalise its choices. The convergent

indices may take the form of a flight of migrant birds, the reproduction period of a

fish species swimming upstream to its spawning ground, massive leaf drop from a

deciduous tree species, the cry of a nocturnal batrachian, the massive simultaneous

flowering of certain plants, etc. 
Burning Aframomum
leaves to prevent rain
before a Baka people
(Cameroon) hunting
expedition.
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The expression of certain stimuli is so tenuous that perception is almost a question

of the unconscious. These societies often popularise the occurrence of these signals

through animist beliefs featuring supernatural forces that can rapidly disconcert a

western manager. The latter will see only superstition and will consider wrongly that he

will have nothing to do with these considerations in the good running of his operations.

The ethnoscience approach typically tries to establish a link between the system of

representations and its specific modes of expression (founder myths, stories and other

forms of oral tradition, rituals) on the one hand and the observed bio-ecological fact

recorded by the sharp senses of the local observer and that reveals the operation of

bio-ecological cycles on the other.

Insects are particularly remarkable biotemporal indicators as they can react to

infinitely small changes in climatic conditions, to thresholds—atmospheric moisture,

wind direction, temperature, the lunar cycle and so on—that humans are incapable of

sensing directly. The entomological knowledge used in the observation of social insects

such as ants, termites and bees is a remarkable illustration of their biotemporal indicator

function. Using attentive observation of these biotemporal markers, local populations

gain access to information that researchers miss. Their expertise is particularly valuable

in ecosystems for which the predictive models covering climate change lack accuracy.

Thus although analysis of climate change is easier at polar latitudes and high altitudes

(Himalayan peaks) where change is extreme, it is marking time at low elevations in more

equatorial latitudes. The effects of climate change in humid tropical forests are subtle

and tenuous and usually hidden by more tangible and immediate threats (deforestation).

Adding local expertise is even more important in such a context. The cultural diversity of

this expertise is all the more valuable as it concerns ecosystems with the greatest

biological diversity.

The hybridisation of knowledge

If we talk about local knowledge rather than traditional knowledge, it is because

the second term gives a static image and assumes a historical depth that is often

difficult to establish when knowledge evolves and becomes hybrid. Study of the

speeches of nativist leaders in Latin America shows for example how these community

spokesmen are now adjusting their positions according to nativist ideologies that

have been developing for some 30 years in the region and are centred on the naturalist

or ecologist Indian. The approach draws on the knowledge of the Yanomani in Brazil

or the Aymara in Bolivia that is based on the idea of a social totality governed by a

system of exchange between human and non-human subjects. This concept contrasts
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Box 57

The ‘Sentimiel’ initiative: 
bees, humans and local naturalistic knowledge

The ‘Sentimiel’ initiative run

since 2011 by IRD researchers 

is emblematic of research

questioning the effects 

of climate change using local

naturalist knowledge of bees.

Sentinels of an environment 
currently under threat, bees warn us 
of the damage to terrestrial ecosystems
caused by humans. 

Subsistence economies in the South
where wild honey is collected are 
thus in the front line for the observation
and documentation of behavioural
changes in bees. 
Unfortunately, analysis 
of the information provided by bees 
is focused only on the domestic 
bee reared in professional 
or semi-professional beekeeping; 
the expertise based on subsistence
honey gathering and that concerns 
an incredible diversity of honeybees,
estimated at around 1,500 species, 
is still totally underrated 
and therefore ignored. 

Precious signs 
of environmental changes

However, wild honey gatherers 
have singular know-how as finding nests
is a complicated or even dangerous
endeavour as honeybees protect 
the result of their work from many
predators in search of sugar. 
The basic aim of the ‘Sentimiel’ 
initiative is thus find and federate
groups of holders of naturalist
knowledge about honeymaking insects
and their production. 
Through regular observation 
of the activities of these insects, 
honey gatherers are valuable 
witnesses of the effect of global 
changes on their environment. 

Their involvement results in a tropical
watch of the effects of these changes 
on bees and honey production. 
Hunter-gathering peoples in Borneo,
India, the Himalayan regions, 
the Congo basin, North Africa 
and Amazonia are thus mobilised 
in a joint action to provide researchers
with information about the changes
observed during the gathering 
of honey and other substances.

By increasing the visibility 
of this naturalist knowledge 
through the forming of an international
network inspired by citizen science, 
the ‘Sentimiel’ initiative is aimed 
at improving our understanding 
of the consequences of global changes
and especially climate changes 
on world biodiversity through 
the pooling of very precise, 
very local information. 
Furthermore, the network works 
on bringing into the light small local
artisanal honey gathering initiatives 
by enabling them to join a federative
international structure whose credibility
can provide them with access 
to sources of funding and support.

Collection of honey 
by the Baka (Cameroon).
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with the western anthropocentric approach in which the question of the exploitation or

conservation of nature makes reference to a ‘nature-object’ that is reified and cut off

from humanity. These native cultures are thus neither ancestral nor simply subjected to

others. They create symbols, practices and knowledge in a process of hybridisation with

scientific knowledge and with ideologies and standards from the west. 

Trampling rice fields 
in Madagascar. 

This impressive practice
carried out by the men
precedes the irrigation 

of the rice field and 
serves an agricultural 

purpose by improving soil
imperviousness and also 

plays a social role.
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Box 58

The rain trees of El Hierro, 
a model for the island system?

Ancient rainwater collection

practices still provide the water

supply on arid El Hierro Island. 

Work by IRD has contributed 

to the use of local knowledge,

especially by combining it 

with modern technology.

The first inhabitants of El Hierro used
the rain tree to obtain their freshwater
requirements. 
Water is a valuable resource on this arid
island in the Canary Island archipelago,
with an area of about 270 km2. 
This legendary tree in the Lauraceae
family collects the fine drops of water 
in mist on its leaves. 
The drops are then channelled 
and collected in wells. 

The virtues of the rain tree were
rehabilitated by the forest guards 
on the island after the great drought 
of 1945. 

Mist water was collected again in old
wells dug before Spanish colonisation.
New tank and pipe systems have been
constructed under several dozen trees
since the 1960s.

After discussion with professionals 
on the island and analysis 
of their knowledge, IRD developed 
‘mist catchers’ consisting of nets
attached to stainless steel tree-like
structures. 
The structures are for collecting 
mist water in places where there are 
no trees, such as crests exposed 
to the wind. In all, these installations
only collect a few cubic metres 
of water per day. 
The impact is symbolic so far 
but it could become stronger. 

Since then, several ecological projects
have been developed on the island 
with the help of the local authorities 
and the European Union. 
El Hierro has even become a symbol 
of energy transition as the island 
is preparing to become 100 %
autonomous in renewable energy. 

A 'rain tree' 
on El Hierro.

© IRD/A. Gioda

COP21-P3-Angl  9/11/15  11:54  Page 227



228 Climate change

What challenges for the South?

Between local knowledge and science: 
joint production of knowledge

Scientists sometimes draw on traditional knowledge. Research actions thus combine

a research phase with concrete development projects. The study of the ‘rain tree’ on the

Spanish island of El Hierro is emblematic of the use of local knowledge combined with

scientific knowledge (Box 58). This example shows how countries and regions that

succeed in using relevant knowledge—whether scientific or native—have a comparative

advantage for both their own development and the use of their skills at the international

scale. 

New research practices

Climate change is also inducing new research practices that change the nature of

relations between researchers and possessors of local knowledge. After being subjects

for study, the latter have now become full partners in research. Local populations and

their knowledge must be associated far upstream in the designing of research subjects;

Pruning argan trees 
in Morocco. 

The argan woodlands 
are the result 

of several centuries 
of domestication.
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they must be involved in the implementation of protocols, data collection, the exploitation

and ownership of the results and, finally, international diffusion. This involvement also

has the merit of making the long duration of the research conducted with them more

acceptable and of defining the terms of the continuous back and forth movements

between fundamental and applied research.

The involvement of local populations in research can usefully draw inspiration from

citizen science programmes and participatory action research. This category includes

research projects conducted in countries in the North in which individual volunteers or

networks of amateur naturalists who have had no particular training in research perform

research tasks: observation, counts, surveys or data entry. It is perfectly possible to

transpose the citizen science approach to people with local knowledge of nature and

who in a way replace a network of amateurs or ordinary citizens. Initiatives like ‘Sentimiel’

(Box 57) that is based on a network of honey collecting peoples, are still too few and

far between but have opened a promising breach in favour of more formal contribution

from local naturalist knowledge to the understanding of the dynamics of complex

ecosystems that the scientific community still does not know well.

Another example of innovative research practices consists of the analytical inventories

that can be made of all the types of knowledge produced in a given area. For example,

IRD and its partners are conducting a climate change study focused on cities in the

Mediterranean region by examining the innovative technical know-how in architecture

and town planning (in terms of response to climate warming), legislative practices (in

control and adaptation to changes) and methods of analysis (climate measurement

systems). This technical knowledge of social regulation or analysis of the phenomenon may

come from professional and academic spheres but also from indigenous knowledge.

Educational policies 
concerning climate change

This gradual recognition of the importance of knowledge in the addressing of

warming has also led international organisations to wonder about the circulation of

this knowledge. Education and training in questions of climate have become strategic

sectors for attempting to control at the international scale the emergence of new citizen

positions that better match the new economic and ecological situation. World scholastic

programmes devoted to climate change have thus been developed during the last

10 years. They suggest to states the new skills that the new generations should acquire,

such as how to make decisions in a context of uncertainty, understand world climatic

interdependence, master ‘good practices’, etc. 
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These international education policies are not neutral and refer today to a specific

development model: sustainable development and green capitalism. However, some

countries reject this model and prefer another vision of modernity: for example, this is

the case of the Bolivarian Alliance for the Peoples of Our America (ALBA) (Box 59). It is

hence not certain that models of rationality and development that dominate international

education policies will succeed in achieving a concerted approach to teaching concerning

the environment and climate change in countries in the South.

This variety of approaches is visible for example in the way in which native knowledge

concerning climate is handled. Overall, international organisations are for the transmission

in schools of local knowledge that is considered to be effective in addressing climate

change and its consequences, but countries have very varied positions in this. Work

conducted in Senegal thus shows that in environmental and climate themes, education

officials use local knowledge partly remodelled ad hoc, together with a religious approach.

This research also highlights the fact that environmental and climatic questions are

identified as being imported from elsewhere and are little embraced by families and

local officials. Studies conducted in other countries such as Bolivia show that teachers

use a combination of scientific, native and political knowledge to address these questions.

The government is currently for a native view of the environment and the climate in

which native knowledge is reconfigured in the light of the criterion of reshaping the

country politically to approach a different societal model (Box 59).

COP21-P3-Angl  9/11/15  11:55  Page 230



Climate change 231
What challenges for the South?

Box 59

Other development models, 
different education in climate?

Bolivia has launched a full reform 
of its education system so that 
young people receive teaching 
based on an alternative societal model:
‘vivir bien’ (living well). 
The model features bio-centred
ontology in which human beings 
are just one component of nature.
Inspired by different socialist, 
green and nativist movements, 
the model is considered to be based 
on economic, political and cultural
pluralism. 

As regards climate change, 
‘vivir bien’ proposes knowledge 
that does not seek to concentrate 
only on its cognitive or behavioural
aspects but to address the individual 
as a whole using four keys: knowing,
doing, deciding and being. 
‘Deciding’ concerns the political 
sphere: for example, a young person
should be aware of the history 
of climate change and the inequality 
of responsibility for its intensification.

‘Being’ concerns behaviour and, 
beyond this, the personal position 
of a young person in a life ‘in harmony’
with nature.

In the project called SAVE (Savoirs relatifs
à l’environnement dans les Andes),
researchers at the LPED, IRD-CIDES 
and UMSA units are studying among
other things the construction 
of this reform and the problems 
that it comes up against. 
In addition to the complexity 
of constructing a new model of society
and political ecology, its transposition 
in scholastic programmes and 
in the training of teachers is a challenge
for educational policies. 
The reception given to the model 
is very varied among teachers, 
urban and rural families, etc. 
This is particularly so as the model
sometimes seems to be theoretical, 
with the country not really managing 
to move out of a resolutely extractivist
economy.

School programmes 
on climate change, 

Bolivia, 2012.

© IRD/S. Lewandowski
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T
he ability of human civilisation to handle the issues of climate change partly

depends on the accuracy of the data concerning this change and the

power of forecasting models. The IPCC Fifth Assessment Report is both

more precise and more alarming than the previous ones in this respect. It

also depends on the determination of decision makers to consult each other to set

targets aimed at mitigating the effects of climate change, in particular by a drastic

reduction of greenhouses gases, and to strengthen our measures for adapting to an

inevitable change, even if there is still disagreement on the scale of the latter. But

populations in the South have not waited for the decisions of experts to begin to

adjust their subsistence strategies in response to changes that they can perceive and

anticipate. These adjustments concern as much the maintaining of their sociocultural

integrity as that of the natural ecosystems on which they depend on an everyday basis

and with which they maintain progressive interactions. Considering local reactiveness

is just as important as considering that of the international select few.

Chapter 18

The adaptation and resilience 
of populations in the South

Pulling out rice seedlings
for replanting in a rice field
(north-east Thailand).

© IRD/J.-L.. Maeght
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Mitigation, adaptation and resilience

The perception now being confirmed of a break related to climate change has led to

a change in the way of qualifying the necessary responses over the past 20 years.

Mitigation was the dominant approach used to reduce the effects of warming until the

end of the 2000s. Put forward by a community of scientists and experts devoted mainly

to risk management and climatic disasters, mitigation consists of reducing the exposure

and sensitivity of the system. A central theme of the successive IPCC reports, it is

defined there as the human intervention necessary to reduce sources of greenhouse

gases or increase carbon sinks, in other words to limit greenhouse gas emissions and

store atmospheric carbon. Until recently, researchers and decision makers believed that

mitigation would suffice to control the effects of climate change.

Street food vendor 
in Ho Chi Minh City

(Vietnam). 
Migrants include 

a ‘floating population’ 
of people that work and 

live in the city while making
frequent trips to the rural

areas that they came from. 
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In the face of warming that seems inevitable today, ‘adaptation’ has become domi-

nant progressively since the end of the 2000s. The taking into consideration of the

capacity for systems and populations to adapt has been more the affair of researchers

in social sciences. A large amount of literature has been published on the subject in

economics, human geography, sociology and anthropology. Numerous studies address

the adaptation capacity of rural populations in the South in relation to their environment.

Here, pluriactivity and migration clearly show the complexity of the social responses

used to handle environmental and social changes (population growth, political crises,

rocketing foodstuff prices, drought, etc.).

More recently, the efforts made by climate change specialists have been focused on

synergy between mitigation and adaptation. In particular this means examining the

‘resilience’ of the system with regard to both its biophysical component and that

concerning its human population. The popularity of the concept of resilience (defined as

the capacity of a system to absorb disturbances or withstand changes without damage

to its functions, structure, identity and functioning) thus leads to the perception of risk of

failure. But the polysemy that marks this notion still makes operational use difficult. Proof

of this is that it is used in very varied disciplines. The word ‘resilience’ comes from the

physics of materials where it defines the quality of a body to conserve or return to its

original form after deformation. The concept is also used in psychology to describe the

capacity of a person to recover after being badly treated and in ecology to define the

reconstitution capacity of an ecosystem after partial destruction by a natural or anthropic

catastrophe. The term often has a positive connotation when applied to a society. It is

not limited to reconstruction after a crisis but implies a capacity to overcome it and

adapt to it.

Applied to public development policies, the notion could begin to provide a

response to situations of growing incertitude and vulnerability related to climatic events,

economic crises, etc. IRD participates in reflection on the interest of resilience as a new

standard to the evaluation of public policies. 

Sociocultural adaptation, ecological adaptation:
entwined developing processes

The developing adaptation process is clearly revealed by the analytical framework

of the ‘socio-ecological system’ defined by the international network Resilience

Alliance as a set of dynamic interactions between biological and social factors,

between populations, societies and the environment. These interactions are generic
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and applicable to all types of societies but are fully relevant for populations in the

South whose subsistence mode still depends to a considerable extent on the resources

provided by the natural environment.

As societies with subsistence economies are fairly self-sufficient, their socio-ecological

system can be seen as governed mainly by endogenous dynamics. However, the

increasing effect of changes at the scale of the planet—including climate change—is

tending to cause the situation to evolve significantly. The attractiveness of markets and

consumer goods, public environmental policies, inter-ethnic relations, rural/urban

interfaces, external economic stakeholders such as agro-industries, conservation and

development agencies and NGOs, etc. are all ‘externalities’ that are weighing

increasingly on locally drafted adaptive strategies. Analysis of the ‘box’ formed by

these socio-ecological systems obviously assumes that increasing account is taken of

what is happening ‘outside the box’. 

Survey on the contribution
of livestock farming 
to the resilience 
of ecosystems 
and social groups 
in Djougou, Benin. 
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Ecological resilience 
and social resilience

The resilience of the socio-ecological system of a rural population in the South is

only justified if it can ensure the sustainability of resources in parallel with that of the

social system mobilised in their management. Figure 32 is a synthesis of the way in

which the social and ecological components can interact in the face of climate change,

independently of the broad range of subsistence strategies—farming, animal husbandry,

hunting, fishing, gathering and so on—that is a feature of societies with subsistence

economies. The ecological component is exposed to the effects of climate change and

its sensitivity to these effects will damage the environmental services and resources

that it provides. The social component developed a degree of vulnerability because of

the degradation of the services rendered by the ecosystem (in food supply or water

resources for example) and will have to adjust by developing adaptive responses to

correct the effects of the change. In this context, the adaptive capacity of the population

makes it possible to counterbalance the exposure of the ecosystem or adjust its sensi-

tivity to the effects of climate change. This capacity is measured in a way in the potential

of the society in question to maintain or possibly restore the services and resources

provided by the ecosystem. 

The generally accepted idea about the socio-ecological systems of social groups

or communities, especially in the South, whose subsistence and well-being depend

mainly on the natural environment, is that ecological resilience and social resilience go

together and must be maintained together. However, the work carried out in central

Cameroon by IRD for two decades invalidates this idea and shows an interesting case in

which forest peoples are obliged to counter-balance the natural dynamics of the ecotone

to maintain the integrity of their social system (Box 60).

Climate change

Socio-ecological system

Environmental services

Management

Susceptibility

Ecosystem

Restoration
Resilience
Change

Vulnerability

Society

Adaptation
capacity

Exposure

Figure 32. 
Exposure 
of a socio-ecological
system to the effects 
of climate change.
Source: after DOUNIAS et al.,
2013.
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Migration: 
adaptation or crisis?

Population migrations are one of the foreseeable consequences of climate change,

especially in tropical countries. But migration is not inevitable for these societies.

Societies in the North tend to have an opinion of so-called ‘developing countries’ that

is somewhat remote from reality. The populations concerned are far from being overde-

termined by their environment and frozen in history that they have not understood.

Box 60

The forest-savannah ecotone 
in the centre of Cameroon

Since the 1990s, IRD and 

its Cameroonian partners have

conducted a vast multidisciplinary

human ecology programme 

at the forest-savannah contact zone

to analyse the adaptive responses

of the Tikar to the rapid advance 

of the forest.

The centre of Cameroon is inhabited
mainly by the Tikar, cereal growers 
who moved south from their original
savannah area two centuries ago 
to reach a humid tropical forest 
about which they knew nothing. 
The forest/savannah border area 
forms a particularly dynamic ecosystem
that has evolved naturally for nearly
1,000 years, with the forest advancing
rapidly into the savannah. 
This happens at the rate of 1 to 3 metres
per year and is at its most spectacular 
in the inhabited zones where the spread
of seeds from young trees on the pioneer
front is amplified. 

In this very special socio-ecological
context, IRD researchers addressed 
the attitude of a society with regard 
to the advance of a forest front 
that might seem contrary to its cereal
growing activities. This field of study 
is all the more propitious for exploration 
of the notion of the biological 
and cultural adaptation of a human
society as the environment changes 
very rapidly. 

The same applies to climatic events
whose incidence can be seen more
easily in an ecological transition zone
(ecotone) than in humid tropical forest.

A multidisciplinary 
human ecology programme

However, the adaptive responses 
of the Tikar do not operate 
solely in response to the physical
environment. 
The Tikar organised in ranked
chiefdoms, met on their route 
the local populations of the forest 
edges and who possessed empirical
knowledge of the forest environment.
Thanks to a political system 
that is both malleable and 
rigorously structured, the Tikar 
have succeeded in maintaining 
an improbable balance between 
the absorption of these local societies
and the construction of an ethnic
identity.

This work showed first of all that 
the change in the environment 
(from savannah to forest) 
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Migration is one of the responses of human societies to changes in their environ-

ment, whether these are brutal changes (natural catastrophe) or gradual (decreased

resources). Seasonal or definitive and operating at all latitudes, this facility for mobility

demonstrates adaptation capacity in case of changes. Except in cases of serious

catastrophe, population displacement is the result of long and complex processes in

which climate change is just one parameter among others. Conditions of access to

resources (including land), farming systems and population growth are all factors,

among other variables, to be taken into account in the interpretation of migrations.

is part of the ecological resilience 
of the ecotone. 
It is not because an environment
changes that it is not resilient. 
The research also revealed 
how the Tikar were able to profit 
from the arrival of exogenous features—
the extension of cacao growing 
in the 1970s and the arrival 
of an invasive shrub (Chromolaena odorata)
in the 1980s—to regulate the unwanted
advance of the forest around 
their dwellings and no longer 
have to move their villages because 
of the progression of the forest front.
This recent control of forest dynamics 
is at the expense of ecotone resilience
but strengthened the socio-cultural
resilience of the Tikar that had been
made fragile by the advancing forest.
Finally, factors outside the socio-
ecological system allowed this control 
of natural ecological dynamics,
highlighting the fact that the taking 
into account of external factors 
is essential for understanding 
its dynamic balance.

Burning off at the edge 
of a forest before growing 
maize in the forest-savannah 
ecotone in central Cameroon.

© IRD/E. Dounias
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In addition, studies on regions where climate change has already had an impact on the

living conditions of the population show that most migrations are stimulated primarily

by socio-economic factors. Finally, migration is often chosen as much as imposed. 

Mobility is as old as humanity

Mobility goes with the type of occupation of the environment used by the last hunter-

gatherers in the world and that was a feature of humanity as a whole before the advent

of farming. The subsistence economy of hunter-gatherers is still closely linked to the

natural resources available in the environment and mobility is essential for access to

these resources that is continuous in space and time. While mobility is not a fatality

for these nomadic peoples, the obligatory settlement that states try to impose on

them is as painful as migration for gregarious societies forced to move by dramatic

circumstances.

Loading a lorry 
with migrant workers 
and goods in Niger.
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Climate refugees?

With land flooded by the rise in sea level, natural catastrophes, wars and conflict

for access to resources etc., climate change may cause the departure of millions of

people from their regions, creating as many ‘climate refugees’. The term certainly makes

sense when the effects of climate change are sudden and extreme, wiping out all local

capacity to adjust to the suddenness and scale of the event. As researchers are cautious

with regard to the links between certain extreme phenomena and global warming, the

term ‘climate refugees’ should be used with caution and the use of ‘environment

refugees’ preferred. Then if the areas affected occasionally or definitively by changes

may be very varied, it is rare for changes to result in massive, rapid migrations across the

frontiers of states. From this point of view, describing these migrants as ‘refugees’ is

inappropriate with regard to international law.

A family displaced 
by drought in Kenya. 
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Box 61

The migratory strategies of the inhabitants of Tuvalu

The population of the atoll 

state Tuvalu has become 

a symbol of the climate crisis. 

However, the migration strategies

put forward by the people

concerned differ from the dominant

‘climate refugees’ approach.

Researchers are wondering 

in particular about the risk 

for the choices of the population

concerned formed by this alarmist

rhetoric from the international

community.

A 1-metre rise in sea level would
directly affect one person in ten 
in the world according to the IPCC.
Island populations will be particularly
concerned and especially those 
of the low-elevation Pacific islands. 

The climate emigrants of Tuvalu 
have already received considerable
media coverage. 
The government of Tuvalu has been
trying for several years to negotiate
climate refugee immigration facilities 
for its people with the New Zealand 
and Australian authorities. 

Can one talk in terms of climatic
immigration in this case when mention 
is made of the inhabitants leaving 
for New Zealand or Fiji? 

Surveys of the migration determinants 
of these islanders threatened 
by the effects of climate change
highlight the contrast between 
the way in which migrants envisage 
their migration and how it is generally
perceived from elsewhere. 

Present migration cannot be 
understood without associating 
the history of this migratory people 
and its migration system, together with
the evolution of migration policies.
Environmental factors form part 
of the many determinants of migration
because they result in a restriction 
of access to resources accentuated 
by population pressure. 
Migration is also motivated 
by the attraction of the economic
policies of Fiji and New Zealand—
serving as a link for reaching Australia—
and based on solid family networks.

The question then arises 
of considering the migratory 
behaviour of the inhabitants 
of Tuvalu as family risk reduction
strategies rather than climate 
migration. The alarmist statements 
by the international community 
should also be analysed with regard 
to the risk that speeches about 
these victims of climate change may
weigh on the adaptation capacity 
of the population.

A woman in Funafuti
(Tuvalu).
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Vulnerability factors 
and adaptation strategies

The climate risk is far from being expressed in a brutal, violent manner everywhere

and it would be a mistake to reduce the consequences to environment refugees alone,

however difficult the situation may be for the latter. As in the well-known boiling frog

allegory—if a frog is placed in a recipient of very hot water it will jump out immediately.

But if it is placed in water at room temperature that is then heated, the frog will not react

to the progressive rise in temperature, will become drowsy and let itself be boiled to

death—it is because climate change in a humid tropical forest environment is slow,

progressive and not always very tangible that climate specialists have difficulty in make

the general public and decision makers aware that it is urgent for us to get ready.

Much research at IRD consists of analysis of vulnerability factors and the adaptation

strategies of populations after serious social or environmental changes. These analyses

are of crucial importance as they contribute to the setting up of public policies that can

accompany the changes. 

Adaptation is thus an essential mechanism for the dynamics of societies. So why

should it be a new challenge within the framework of climate change? Doubtless

because of the scales involved and especially the speed of global climate change that is

unprecedented in human history.
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Several prospects emerge at the end of this work, concerning both scientific

research and the way of fitting in the question of climate at the level of regional

and international policies.

Climate change with anthropic causes is a key component of global change and is

indicated by numerous markers in the tropics.  However, as has been said throughout

the book, it is sometimes difficult to distinguish between the environmental impacts and

the impacts of other anthropic pressures such as changes in land use, deforestation

and the exhaustion of resources—all related to our production modes and economic

development model. Because of its complex nature, the climate question must be

addressed using an ‘integrated’ approach that is essential for responding to the global

challenges now faced by humans and the environment. Given the scale of the issues and

the numerous arguments put forward, an interdisciplinary approach seems essential for

performing research on the climate and devising appropriate operation responses. In

parallel, it is also important to repolitise and re-territorialise the climate question as it

cannot remain independent from the international economy, energy policies and

geopolitics in general. Territorial approaches must also form part of this integrated

approach in order to renew the vision of expertise and action and henceforth include

the questions of regional development, access to sustainable energy, public health,

Prospects

Scientific research and climate policies
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pollution and the fight against poverty. The latter should no longer be addressed from

the economic viewpoint alone. Climate change has revealed another form of poverty

related to environmental vulnerability and that will have to be examined using this

interdisciplinary approach.

At the programme level, research must be based on strengthened partnerships and

on more effective tools and methods to make closer diagnoses and generate knowledge

useful for both regional and local decision makers. The development of public research

policies on low carbon technologies and the application of stricter regulations based on

new norms and standards must accompany the efforts made in research on the climate

process. The success of attempts at ‘decarbonisation’ will depend on this.  

The development of large interdisciplinary monitoring facilities is also recommended

in the book. These are essential for improving the monitoring of the environment

(climate, impacts on resources and societies, interactions between societies and the

environment, etc.), to calibrate satellite facilities devoted to the environment, validate

models and propose appropriate adaptation and mitigation measures. Furthermore,

these monitoring facilities must also favour training via research of the new generations

of teachers and researchers in countries in the south by using an integrative interdisci-

plinary approach. In health in particular, the setting up of fully-fledged, interdisciplinary

watches monitored in the long term is becoming urgent as the accumulation of single-

theme watches has shown its limits. These facilities should allow the better monitoring

of populations and make it possible to understand how—beyond political and strategic

choices—they can evolve according to local individual and collective behaviour, also

covering situations in which they are subjected to the same constraints.

Furthermore, the reliability of knowledge of the climate requires the improvement

of models of climate and impacts, a reduction of uncertainty in climate projections

and natural climate variability in relation to anthropic forcings, thus enabling better

attribution of the changes observed. In modelling, improving decadal forecasting is an

important objective for improving knowledge of climate patterns in the coming

decades.

Questions of scale are also determinant. Digital simulations, physical models of the

climate and those in the fields of environment or health cannot be applied in the same

way at the different scales of observation. The difficulties of diagnosis and interpretation

and for transition from the global to regional or local scales have been highlighted in

several chapters. The levels of scales and the organisation of living organisms, of the

environment and of societies must be better integrated in models with the aim of

showing the complexity of the phenomena involved in the question of the climate.
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Adaptation and resilience processes are also complex in their definition and even

more so in the assessment of concrete effects or in the evaluation of their potential.

Research on the adaptation of populations to climate change and on local know-how

forms nonetheless an important source of knowledge that is still too little used. In the

light of the regions and the populations concerned and conflicts in use between the

various sectors of activity, the research conducted must generate information for decision

makers and guide national adaptation plans to improve political responses. The use of

regional orientations, national policies and global governance returns in a different way

to the theme already mentioned of the hinging between levels of organisation but

applied to institutions and governance in this case.

By giving a greater role to national policies and by asking for ‘nationally determined

contributions’, COP 21 is aimed at placing states back in the core of climate governance

to set up international agreements according to the respective means available. Indeed,

it is not possible to impose climate policies using scientific knowledge of the climate as

the sole basis. Research must be reflexive and must question its own position in a

geopolitical context in which the question of climate is handled as an economic weapon

and crystallises North-South oppositions during international negotiations. The research

conducted in the South on a cooperation basis must make it possible for the viewpoints

of the partners to be heard—beyond the sharing of knowledge. It is a question of

generating and spreading knowledge, of contributing to a long-term vision of the issues

and to pass on a ‘culture of climate challenge’. But it is just as important to encourage

the mobilisation of society in favour of public debate. Whether they are acceptable, in

disagreement or utopian, the solutions for responding to the climate challenge can only

come from societies themselves and from greater international solidarity.
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Adaptation (to climate change) – The adjustments of an ecological and/or socio-cultural
system to climate change for protection, enhanced resilience or transformation under the
effects of the change. Adaptation is a central concept in the IPCC Fifth Assessment
Report (AR5), where it conserves a very broad definition. This means in particular that it
can remain consensual in international negotiations.

Albedo – The fraction of solar energy reflected directly into space and not absorbed by the
terrestrial system. Pale surfaces reflect much more energy than dark ones.

Anomaly (climatic) – A climatic fluctuation whose amplitude (intensity and spatial extent)
is outside the standard of the fluctuations observed, that is to say fairly remote from the
climatic mean.

Anthropocene – A term proposed to indicate the present geological epoch during which
anthropic activities have a determinant impact of the terrestrial ecosystem, making
humans a major geological force at the scale of the planet. The Anthropocene thus
follows the Holocene. The chronology of the Anthropocene has not been firmly decided
as the date of the beginning of the new period is under discussion.

Attribution – The determination of the cause/s of a climatic anomaly and in particular the
separation of the effect of a human forcing, a natural forcing or that of natural climate
variability.

Glossary
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Biomass (plant, soil or in a watercourse) – In ecology, this refers to the total mass of living
organisms in a specific space at a given moment. It is estimated per unit of surface area
or of volume for an aquatic environment. Plant biomass refers specifically to the total mass
of vegetation.

Biotemporal signal – A signal detected in the natural environment and that receives a cultural
interpretation by a given society as the precursor of a climatic variation. There are generally
several signals that form a group of convergent signs that increase the reliability of the
prediction and the resulting decision making.

Carbon cycle – The flow of carbon through the atmosphere, seas and continents. Carbon
dioxide (CO2) movements between the atmosphere and land ecosystems are numerous,
involving photosynthesis, combustion, the decomposition of organic matter, etc. But
oceans also play an important role by absorbing CO2 when the atmospheric level of this
gas increases.

Citizen science – Research generally focused on the study of biodiversity in which amateur
naturalists who have not had any particular training in research perform research tasks in
observation, counting, census compilation or data entry on a volunteer basis.

Climate prediction – Simulation of the future evolution of the climate starting from a known
initial state.

Climate projection – Simulation of the response of the climate system to various external
forcing scenarios (greenhouse gas emission, aerosols, etc.).

Climate variability (natural or internal) – Intrinsic variations in the climate system as a result
of pairings between systems (atmosphere, sea, etc.) with different physical, dynamic and
chemical properties.

Climatic model – The use of a set of equations to represent the various components of the
climatic system and their interactions. Computer processing is required to solve these
equations.

CMIP (Coupled Model Intercomparison Project) – An international project with a common
protocol for the performance of climate simulations and the placing of the results at the
disposal of IPCC operations.

Compliance – The correct obeying of the instructions for the use of medicines. The term is
used here in the broader good response of populations in the face of a threat or with
regard to political recommendations concerning such a threat.

Convection (tropical) – Precipitation in the tropics is caused mainly by cloud systems
consisting of strong vertical movements (storms, squall lines and cyclones). Such
convection is also the main atmospheric transport vector of the surplus energy received
by these zones to zones with energy deficits.
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Coupling – Transfer of information using certain variables between two parts of the terrestrial
climate system, e.g. ocean-atmosphere coupling.

Ecotone – A transition zone between two very contrasted ecosystems. It can take very varied
forms ranging from a clear-cut line to vast, widespread interpenetration to the extent
that another ecosystem can form, with its own characteristics and dynamics.

Extreme climatic event – A climatic anomaly with very strong amplitude, for example one
that is among the strongest 10% observed.

Forcing – A disturbance from outside the climate system that disturbs the energy balance
of the latter. Distinction is made between natural forcings (astronomic factors, volcanic
activity), anthropic forcings (emission of greenhouse gases and aerosols, change in land
use).

Global issues – Questions that go beyond the sphere of intervention by nation states and
include climate warming and decreasing biodiversity. The notion refers to the complexity
of taking these issues into account, with regard to both understanding them and providing
responses.

Greenhouse gases – Gaseous constituents of the atmosphere that absorb infrared heat
radiation emitted from the earth’s surface and re-emit it towards the surface. They thus
contribute to the greenhouse effect by limiting energy loss into space. The main
greenhouse gases of the earth are water vapour, carbon dioxide, methane, nitrous oxide
and ozone. The increase in their concentration as a result of anthropic emissions is the
cause of recent climate warming.

Greenwashing – A deceitful marketing method consisting of advertising using the ecological
argument. The aim of greenwashing is to announce ecological responsibility that is far
from the reality of the practices of the corporate structure concerned.

Human ecology – A research field addressing the full diversity of the relationship between
humans and their environments. ‘Dynamics’ and ‘interactions’ are the keywords of this
interdisciplinary scientific approach that examines the interfaces between society and
nature and between biology and culture.

IPCC – The Intergovernmental Panel on Climate Change set up in 1988 by the United
Nations. Its mission is the assessment of scientific knowledge on climate change of human
origin and the consequences.

Isotopic composition (of water) – Water (H20) consists of stable isotopes of oxygen (16O,
17O, 18O) and hydrogen (1H and 2H). Water isotope composition is used increasingly
for studying the present water cycle (precipitation, water vapour, recycling) and its past
variations, especially in the tropics.
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Mesh – Use of meshes in a climate model is based on discretisation aimed at drawing
individual values from a continuous environment such as the atmosphere or the sea.

Mitigation – Reducing the exposure of a system by protecting it from strong disturbances in
order to moderate the effects of climate change. A central theme in successive IPCC
reports, mitigation is defined there as the human actions required to reduce greenhouse
gas emissions and enhance sinks.

Modes of climatic variability – Atmospheric phenomena that can be linked to the sea, with
a regional to supraregional spatial scale, with temporal recurrence of variable regularity
and marked climatic impacts. The best known in the tropics is the El Niño Southern
Oscillation (ENSO), a linked sea-atmosphere phenomenon that dominates climatic
variability at interannual time scales.

Proxy data – Variables (water isotopes, etc.) that are climate-related and measurable in
‘archives’ (tree rings, corals, ice cores, etc.) that provide information about past climate
conditions.

Radiative forcing – Expressed in energy units per second per surface area (W/m2). Positive
forcing causes the warming of the climate system, as is the case with greenhouse gases,
and negative forcing causes cooling, as is the case with aerosols.

Otolith – A mineral concretion in the inner ear of vertebrates. Otholiths are used frequently
for measuring the age of fish.

Feedback – The result of an initial process that triggers changes in a second process that in
turn affects the initial process. A positive feedback intensifies the initial process and a
negative feedback reduces it.

Resilience – A polysemous concept that refers to the ability of a physical, biological,
ecological or sociocultural system to absorb disturbance or withstand changes without
modifying its functions, structure, identity and functioning.

Socio-ecological system – A coherent entity with a bio-geophysical component and a socio-
cultural component. The combination of the two sets the spatial, temporal, organisation
and functional contours of the system to enhance study of its dynamics.

Uncertainty – Incomplete knowledge resulting from lack of information or disagreement
concerning known features. It can be represented quantitively or by the opinion of
experts.

Upwelling – The rise of deep water caused by winds that push the surface water out to sea.
The phenomenon results in cold seawater charged with nutrient minerals along the
coasts.
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Urban heat island – Local higher temperatures—especially maximum temperatures—recorded
in an urban environment. Considerable temperature differences can be observed in the
same city, depending on town planning features, albedo, relief and exposure.

Water cycle – The water cycle describes the movement of water in all its form. Solar energy
causes the evaporation of seawater and continental water. Water vapour is redistributed
by complex atmospheric currents and released as rainfall or snow. A proportion of the
precipitation that falls on landmass evaporates again in contact with the ground. The rest
takes the form of runoff or infiltrates and feeds reservoirs, lakes and rivers. Water from the
land then returns to the sea, completing the global scale water cycle.
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AFD – Agence française de développement

ALBA – Bolivarian Alliance for the Peoples of Our America

ALMIP – AMMA Land Surface Model Intercomparison Project

AMO – Atlantic multidecadal oscillation

CBD – Convention on Biological Diversity

CCPL – Climate Change Policy Loan

CILSS – Permanent Interstate Committee for Drought Control in the Sahel

CMIP – Coupled Model Intercomparison Project.

CNRS – Centre national de recherche scientifique (France)

COP – Conference of the Parties

ENSO – El Niño Southern Oscillation

ESA – European Space Agency

FAO – Food and Agriculture Organization of the United Nations

GEF – Global Environment Facility

GHG – Greenhouse gas

Acronyms
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GIS – Geographic Information System

GPS – Global Positioning System

IGBP – International Geosphere Biosphere Programme.

IHDP – International Human Dimension Project.

INDC – Intended Nationally Determined Contribution

IPCC – Intergovernmental Panel on Climate Change

IRD – Institut de recherche pour le développement

MDGs – Millenium Development Goals

NGO – Non-governmental organisation

NIRS – Near infrared spectroscopy

OECD – Organisation for Economic Co-operation and Development

OMZ – Oxygen minimum zone

ONERC – Observatoire national sur les effets du réchauffement climatique (French national
climate warming effects monitoring facility)

PDO – Pacific decadal oscillation

RCP – Representative Concentration Pathways.

Redd+ – Reducing Emissions from Deforestation and Forest Degradation

SDGs – Sustainable Development Goals

SPC – Secretariat of the Pacific Community

UHI – Urban heat island

UNDP – United Nations Development Programme

UNEP – United Nations Environment Programme

UNESCO – United Nations Educational, Scientific and Cultural Organization

UNFCCC – United Nations Framework Convention on Climate Change 

WCRP – World Change Research Programme

WCS – Wildlife Conservation Society

WHO – World Health Organization

WWF – World Wildlife Fund

COP21-P3-Angl  9/11/15  11:55  Page 259



COP21-P3-Angl  9/11/15  11:55  Page 260



Climate change 261
What challenges for the South?

Contributors

Part 1
Serge Janicot, climatologist, UMR LOCEAN / AMMA programme.
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Abdelfettah Sifeddine, geologist-paleoclimatologist, UMR LOCEAN / LMI Paleotraces.

Chapter 2
Jerome Aucan, oceanographer, physicist, UMR LEGOS.
Christophe Menkes, oceanographer, UMR LOCEAN.
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Chapter 3
Jean-Michel Martinez, hydrologist-remote sensing, UMR GET / SO HYBAM.
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LMI: joint international 
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Research units

Units and laboratories

UMR AMAP (Botany and modelling of plant and vegetation architecture)
Inra, CNRS, IRD, CIRAD, Montpellier University

UMR BOREA (Biology of aquatic organisms and ecosystems)
MNHN, CNRS, UMPC, Caen Normandie University, IRD, Antilles and Guiana University

UMR CEFE (Functional and evolutive ecology centre)
CNRS, Montpellier University, Paul-Valéry Montpellier-III University, EHESS, Supagro,
Inra, IRD

LMI CEFIRSE (Franco-Indian water science research unit)
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Paris Descartes University, IRD
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UMR DEVSOC (Development and societies)
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UMR DIADE (Plant diversity, adaptation and development)
IRD, Montpellier University, CIRAD, CNRS

UMR DIAL/LEDa (Development, institutions and globalisation/Dauphine economics laboratory)
IRD, Paris Dauphine University

LMI Discoh (Dynamics of the Humboldt Current system)
Imarpe, IRD, UPCH, UNMSM

UMR Eco&Sols (Functional ecology and the biology of soils and agrosystems)
Inra, Supagro, CIRAD, IRD

UMR EGCE (Evolution, genomes, behaviour, ecology)
Paris Sud University, CNRS, IRD

UMR ENTROPIE (Tropical marine ecology the Pacific and Indian oceans)
IRD, la Réunion University, CNRS

UMR EPOC (Ocean and continental environments and paleo-environments)
OASU, CNRS, Bordeaux-I University

UMR ESPACE-DEV (Development)
IRD, Montpellier University, Université des Antilles et de la Guyane, la Réunion University
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UMR GÉOAZUR (Land, sea and space)
CNRS, Insu, Nice-Sophia Antipolis University, IRD, UPMC, OCA

UMR GET (Environmental geosciences, Toulouse)
Toulouse-III Paul-Sabatier University, CNRS, Cnes, IRD

LMI Great Ice (Glaciers and water resources in the tropical Andes: 
environment climate change indicators)
IRD, CNRS, EPN, Inamhi

UMR GRED (Governance, risk, environment, development)
IRD, Paul-Valéry Montpellier-III University

UMR HSM (Hydrosciences)
CNRS, IRD, Montpellier University

UMR IMBE (Mediterranean Institute of Marine and Terrestrial Biodiversity)
Aix-Marseille University, CNRS, IRD,  Avignon and Vaucluse University

UMR LEGOS (Spatial geophysics and oceanographic laboratory)
Cnes, IRD, Toulouse-III Paul-Sabatier University, CNRS

UMR LEMAR (Marine environmental sciences laboratory)
IUEM,  Bretagne occidentale University, IRD, CNRS, Ifremer

UMR LOCEAN (Oceanography and climate laboratory: experimental and digital approaches)
Ecce Terra, CNRS, IRD, MNHN, UPMC, Institut Pierre Simon-Laplace

UMR LPED (Population, environment and development laboratory)
Aix-Marseille University, IRD

UMR LPO (Sea physics laboratory)
CNRS, Ifremer, IRD, Bretagne occidentale University

UMR LSTM (Tropical and Mediterranean symbiosis laboratory)
IRD, CIRAD, Inra, Supagro, Montpellier University

UMR LTHE (Laboratory for the study of transfers in hydrology and the environment)
CNRS, G-INP, IRD,  Joseph Fourier Grenoble University

UMR Marbec (Marine biodiversity, exploitation and conservation)
IRD, Ifremer, Montpellier University, CNRS

LMI Mediter (Mediterranean terroirs: environment, heritage and development)
IRD, Mohammed V Agdal University

UMR Mivegec (Infectious diseases and vectors. Ecology, genetics, evolution and control)
IRD, CNRS, Montpellier University

LMI Paléotraces (Tropical paleoclimatology: tracers and variability)
IRD, Fluminense Federal University, Antofagasta University

UMR PALOC (Local heritages and governance)
IRD, MNHN
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LMI PATEO (Water heritage and areas)
IRD, Université Gaston-Berger

UMR PRODIG (Research centre for the organisation and dissemination 
of geographic information)
CNRS, Paris-I University, Paris Sorbonne University, Paris Diderot University,
AgroParisTech, Ephe, IRD

UMI Résiliences
IRD, Cires

UMI UMMISCo (Unit for the mathematical and computer modelling of complex systems
IRD, UPMC

Monitoring facilities

AMMA-CATCH (Multidisciplinary analysis of African monsoons/Connection with the tropical
atmosphere)

BVET (better understanding of the functioning of drainage basins)

GLACIOCLIM (glaciers for climate observation)

GOPS (large South Pacific monitoring service)

HYBAM (hydrology and biochemistry of the Amazon)

MSEC (conservation of water and soil resources in South-East Asia)

OMERE (Mediterranean monitoring facility for the rural environment and water)

PIRATA (monitoring the tropical Atlantic)

Multidisciplinary monitoring of the urban environment in Marseille

SSS (observation of surface water salinity in the sea)

Programmes, projects

AMMA programme (Multidisciplinary analysis of African monsoons)

AMAZ programme (Environmental dynamics, resources and societies in Amazonia)

Biothaw project (Biodiversity and People Facing Climate Change in Tropical High Andean
Wetlands)

Carboocean programme (Carbon sources and ocean sinks)

Citizen Science programme

Equeco programme (Emergence of quinoa in world trade and consequences 
for social sustainability and farming stability in the Bolivian uplands)

Escape programme (Past, present and future environmental and social changes in Africa)

Euromarine project (Marbef, Marine Genomics and Eur-Oceans networks)

Future Earth programme (Research for global sustainability)
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Great Green Wall project

INTERFACE project

INVALUABLE project

LEFE programme (Fluid envelopes and the environment)

Mégha-Tropiques programme (Water cycle in the tropical atmosphere in the context 
of climate change)

Pacivur programme (Andean programme for training and research in vulnerability and risks
in urban environments)

Pacta project

RainCell Africa project

Rime-Pampa project

Serena programme (Environmental services in rural areas)

Sentimiel initiative (Bees and humans: local naturalist knowledge, honey collection 
and global change)

Topineme programme (Top Predators as Indicators of Exploited Marine Ecosystem dynamics)

IRD resources used

Indigo photo library
A unique collection of more than 58,000 photographs taken in countries in the South – Africa,
Asia, Latin America, Oceania and French overseas regions and communities. The library
conserves and distributes images taken and described in captions by IRD scientists. The field
and laboratory images cover various disciplines: life and earth sciences, health, human and
social sciences. The images are provided free of charge for educational and scientific use.
www.indigo.ird.fr/

Scientific news-sheets
Scientific news-sheets published two or three times a month report the latest research
results at IRD. Carefully explained, reliable information enables better understanding of
today’s major research issues for the development of countries in the South. The news-sheets
are also published in English and Spanish.
www.ird.fr/la-mediatheque/fiches-d-actualite-scientifique

The journal Sciences au Sud
The various sections of the journal Sciences au Sud give a panoramic view of research
work in all disciplines concerning developing countries, the ways in which research is
organised, expertise and the transfer and use of research results and training and support
for teams in the South. It is intended for a broad readership: IRD staff, scientific and insti-
tutional partners in France and abroad, journalists, students, teachers etc.
www.ird.fr/la-mediatheque/journal-sciences-au-sud
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Exhibitions
IRD is present at major scientific events, those for meeting young people and, more broadly,
for the general public. Exhibitions are set up by IRD or handled jointly with—among
others— Universcience, scientific and technical centres, associations such as ASTS (Association
science technologie société) and French institutes abroad. Production and distribution
are supported by the Ministry of Foreign Affairs and International Development.
www.ird.fr/la-mediatheque/expositions

Interactive web platform ‘Le climat sous surveillance’
Within the framework of COP 21 (Paris, December 2015), this interactive web platform presents
the scientific instruments used to study climate changes in various environments (seas,
mountains, forests, rivers, arid zones, urban zones and island and coastal environments:
humorous animated films, teaching resource file, explanatory videos, links to complementary
documentary resources (exhibitions, films, books, etc.), personal pages and video interviews
of scientists and a dialogue facility.
www.climat-sous-surveillance.ird.fr/

The website section 'Climat et changements climatiques au Sud'
Climate changes form a major line of IRD's research in the South. A section of the
website describes the multidisciplinary research programmes conducted by the Institute
and its partners in more than 25 countries. The work is closely associated with training
operations in and through research in order to enhance expertise in countries in the
South so that they can play an active, visible role in international scientific mobilisation on
climate change.
www.ird.fr/climat
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