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“Coffee-based agroforestry systems are more concerned with ecological, 
social and economic sustainability than monoculture coffee plantations” 
(Vaast & Harmand, 2002).

Through their practices, how do producers manage biodiversity and
how can they manage the provision of ecosystem services?

Coffee based agroforestry systems (Coffea arabica)

Activity = dynamics of asymmetrical
interaction between an actor and his
environment

The research program “Course of action"
Study of human activity for the transformation 
and design of work situations
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A methodology in 2 phases
*Farmers indicators
= Factors that farmer 

take into account in the 
agroforestry environment 
against the background 

of his concerns, 
knowledge or habits.
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Study practices to co-design sustainable and innovative cropping systems

A promising method to support progressive transformation of practices in complex agroforestry systems

The research program “course of action” to study agricultural practices

A case of study for shade trees regulation
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“Coffee-based agroforestry systems are more concerned with ecological, 
social and economic sustainability than monoculture coffee plantations” 
(Vaast & Harmand, 2002).

Through their practices, how do producers manage biodiversity and
how can they manage the provision of ecosystem services?

Coffee based agroforestry systems (Coffea arabica)

Activity = dynamics of asymmetrical
interaction between an actor and his
environment

The research program “Course of action"
Study of human activity for the transformation 
and design of work situations

A methodology in 2 phases
*Farmers indicators
= Factors that farmer 

take into account in the 
agroforestry environment 
against the background 

of his concerns, 
knowledge or habits.

Personal

Dry leaves of 
Manzana Rosa 
(Syzygium
jambos)

Keep a branch of 
the nearby tree to 
provide shade

Open the canopy / Increase the light energy 
incident on coffee trees

Disease management

Indicators meeting different objectives

“I'll leave him a little shade, he needs it too, not just 
the coffee trees” (Juan).

Banana leaves 
stained with brown 
and yellow

Cut 
leaves

“The leaf removal of banana plant  is 
not only to reduce the shade” (Juan). 

Banana tree suffering from Sigatoka

Foliage 
contact

Cut branches in 
contact with banana 
leaves

Branch 
orientation

Cut branches upwards, 
leave those towards 
the sides

The re-design of innovative and sustainable cropping systems has to take into account the interaction between diversity of human situations and the agroforestry system 
complexity. How can practices be transformed? How can we support farmers to think about their own practices and initiate changes specific to them? 
The activity analysis is an efficient framework to nourish the thinking on current management practices and a promising way to support biodiversity management evolution in 
complex agroforestry systems.

! Characterization of the practice: actions, indicators, concerns and knowledge mobilized
! Demonstration of gaps between what is expected, what is stated by the farmer and what is 
done in a real situation
! Videos of the commented practice (tool for participatory workshop)

What does the “course of action” method and concepts contribute to this practice study?

• Time scale and consistency of practice in the cropping system
• Accurate and personal data in a particular situation

! Data that can not be extrapolated and generalized
! Continue to develop this method to suit our needs

What are the limitations of the methodology implemented?

Access to the opaque 
part of human activity
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 SENSITIVITY ANALYSIS FRAMEWORK
Three variable categories (inputs) are selected for their impact on
cAFS water balance :
1. Soil characteristics (depth and composition)  soil water availability

by changing the soil volume and water soil conductivity.
2. Weather (Fig 1)  rainfall quantity and distribution (unimodal vs

bimodal). Six replicates of five years  climatic variability within site
3. AFS structure  trees’ combinations based on 10 EFSM (Fig 2A).

representing most of the situations encountered in cocoa-culture in
Sub-Saharian Africa.

Categories of observed outputs of the model :
• Soil water availability (water stock in soil)
• Trees water uptake and transpiration vs evaporation
• Cocoa production and other product (wood, fruits…)

> REFERENCESAbdulai, I. et al. Cocoa AFS is less resilient to sub-optimal and extreme climate than cocoa in full sun. Glob. Change Biol. 24, 273–286 (2018).
Jagoret, P. et al. Structural characteristics determine productivity in complex cocoa agroforestry systems. Agron. Sustain. Dev. 37, (2017).
Nijmeijer, A., 2017. Influence du précédent sur les trajectoires des systèmes agroforestiers à base de cacaoyers à Bokito (Centre Cameroun) : étude à long 
terme sur une sélection de caractéristiques écosystémiques. Thèse de doctorat, Univ Montpellier, France
Rafflegeau et al., 2019. Ecosystem Services Functional Motif : a new concept to analyse and design agroforestry systems. P733. Abstract book from the 4th

World Congress on Agroforestry, 20-22th May 2019, Montpellier, France
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France, 23–29 June 1997 (eds. Auclair, D. & Dupraz, C.) 217–242 (Springer Netherlands, 1999). 

CONCLUSION & PERSPECTIVES

REFERENCES

Fig. 1: A : Monthly rainfall (mm) in the five studied regions over 30 years. B: 
Positions of the stations

This sensitivity analysis should provide sufficient data to
assess the ability of the WaNuLCAS to model cocoa complex
agroforestry systems. It may lead to adaptations of the
modelling chains which shall be carried with its design team.

Predictions using the model will require fieldwork to ensure an
optimal calibration  it is planned in 2020 further characterize
the Bokito’s site cAFS.

 INTRODUCTION
Climate change is predicted to induce modifications of rainfall regimes.
In Central Cameroon, cocoa trees are already cultivated in sub-optimal
pedoclimatic areas. Yet, local systems include many complex
agroforestry systems (cAFS) which response to drought is currently
debated (Abdulaï et al, 2018). Models like WaNuLCAS (van Noordwijk
et al, 1999) are powerful tools to explore a wide set of agroecosystems
functioning scenarios.

HYPOTHESES: WaNuLCAS is able to (i) correctly model water
functioning in cocoa cAFS; (ii) represent changes in water fluxes
induced by modifications of AFS structure, soil properties and rainfall.

OBJECTIVES: Produce a sensitivity analysis to evaluate
WaNuLCAS functioning and its ability to represent changes in
water fluxes in cocoa cAFS.

S. Fayolle 1,2, A. Metay 1,3, S. Saj 1,4, E. Justes 1,2

1 UMR SYSTEM, Univ Montpellier, CIHEAM-IAAM, CIRAD, INRA, Montpellier SupAgro, 
Montpellier, France
2 UMR SYSTEM, CIRAD, Montpellier, France
3 UMR SYSTEM, Montpellier SupAgro, Montpellier, France
4 UMR SYSTEM, CIRAD, Guyane, France

Fig. 2: A: Ten Ecosystem Services Functional Motifs from cocoa monoculture to 
complex cocoa agroforestry systems. B : Species used and their roots distribution.

 MATERIAL AND METHODS
Water, Nutrient and Light Capture in Agroforestry System (v4.3) has
proven to be efficient at modelling a wide variety of agroforestry systems
(AFS) but HAS NOT YET BEEN USED IN TREE-TREE INTERACTION.

The model has been parametrized using several data sets:
• Weather data : 30 years of daily data from 5 site in sub-Saharian

Africa (Fig 2; Africa Rice project)
• Characterization of cAFS in Central Cameroon as in Nijmeijer (2017)
• Tree positions among cAFS in Bokito as shown in Jagoret et al (2017) 

and typical cAFS in Cameroon :
 Highly heterogeneous
 High species richness

Ecosystem Services Functional Motifs
(EFSM; Rafflegeau et al., 2019; Fig 2 A) as basic
bricks of the AFS for modelling

Fig. 3: A : Sensitivity analysis framework; B : Example of expected results : 
Variability of water stock in soil in regards of the soil depths (deep vs shallow) 

and composition (high clay “+” vs high sand “-” content

Weather
6 x 5 stations

ASFM
10 

Soil
2 depths x 2 

compositions

Simulation
1200

5 years each

Expected Results
Variability of outputs in 
regards to inputs value

A B

Swietenia mahogiraTheobroma cacao Elais guineensis Mangifera indica

B
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3

3
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