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The Agrarian Systems
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 The concept of the agrarian system, emerged in the 1970s, by the French school of agrarian studies

 The geographical fields (environment, land tenure, agricultural policies….) influence agricultural activity, 
which in turn produces observable forms in the landscape (Deffontaines and Thinon, 2001; Jouve, 2006).

'The working hypothesis is that there are 
areas in which the relationships between 
farms, as well as between farms and their 
environment, exhibit specific characteristics 
and are organized into systems that we refer 
to as agrarian systems’
(Deffontaines, Osty, 1977) 



The Radiometric Landscapes
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 Radiometric landscapes (Lemettais et al, 2024) : A way to simplify 
landscape (that can be perceived by the eye) into spatial units based on 
Remote Sensing-based Essential Landscape Variables (RS-ELVs) and 
physiognomic landscape modeling.

Lemettais et al., 2024 (https://doi.org/10.1080/10095020.2024.2314558)

Landscape units
(Braga 2020)



The research questions
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Are Radiometric Landscapes Mirrors of Agrarian Systems?

o At which scale the hypothesis is verified (village, agroecological zone, nation …)?

o Is there an agrarian systems typology (intensification, diversification, poverty, productivity, 
trajectory, sustainability…) that is particularly connected to the radiometric landscape ?

Agrarian
systems

Radiometric
landscapes

Social system
Rural poverty, livelihood, 
migration, land tenure, 
infrastructure…

Ecological system
Climate, land, soil and water 

resources, topography…
&

Village, region, nation

?

Are Radiometric Landscapes Mirrors of Agrarian Systems?



The approach
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Study case : North and Center Benin

Village, region, nation

Agrarian
systems

Radiometric
landscapes?

Social system
Rural poverty, livelihood, 
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infrastructure…

Ecological system
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MODIS satellite 
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series
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The study area
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Photo credit : Cyril Cornu (november 2024)

 North and Center Benin
5 departments (98 000 km²)

OBSYDYA Land cover map
Based on 2023 Sentinel-2 time series
(Gaetano R., Bikki B., Madec S.)



The radiometric landscapes
 OBIA-based approach on ELVs (Essential Landscape Variables)

0

50

100

150

200

250

-0,6

-0,4

-0,2

0

0,2

0,4

0,6

J F M A M J J A S O N D

Ra
in

fa
ll 

(m
m

)

Ei
ge

nv
ec

to
rs

Months

Rainfall

PC1

PC2

PC3

PC4

 ELVs : PCA from MODIS NDVI images (2016-2018)
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The radiometric landscapes
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 PCA color-composite : MODIS NDVI image time series (2016-2018) 

OBSYDYA land cover map
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The radiometric landscapes

9 clusters

 OBIA-based approach on ELVs (Essential Landscape Variables)

Earth 
Observation 
data

 ELVs : PCA from MODIS NDVI images (2016-2018)



The agrarian system typology
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 Data collected from 203 villages*: Households’ 
socio-economic variables (e.g., household
composition, assets) and agricultural practices 
(e.g., crop types, mechanization) -> village 
aggregation

Multivariate
analysis

coefficient of 
variation 
analysis

correlation
coefficient 

analysis

Kmeans
Classification

Discriminant 
analysis

 Approach:

* Caractérisation et évaluation des milieux homogènes des zones agroécologiques du Bénin (INRAB, 2017)

Initial 
variables

38

variation 
coefficient

-7

correlation
coefficient

-5

final 
variable

26

 Variables:



The agrarian system typology
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 Choice of the optimal number of clusters:
 R nbclust package (multiple Validation Indices: 

Includes 26 indices like the Gap statistic, 
silhouette width, and many others).
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4 types 9 types

The agrarian system typology
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Agrarian systems types 
x Radiometric landscapes

4 types x 9 landscapes
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Map of agrarian systems

# 1: Semi-mechanized
diversified

# 4: Intensive 
mechanized diversified

# 2: Lightly mechanized
plantation-dominated

# 3: Sustainable irrigated
rice-market gardening
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9 types x 9 landscapes

Agrarian systems types 
x Radiometric landscapes



Work under progress …
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 Conclusions so far:
 In North and Center Benin, we identified 4 types of agrarian systems (described in terms of 

intensification), and 9 radiometric landscape units;
 At the regional scale, there is a fair correspondence between the agrarian system types and the 

landscape units.

 Need to go further in the analysis by :
 Identification of other agrarian system types (focused on productivity, sustainability…);
 Analysis of correspondance between agrarian systems and RS-ELV at the village scale;
 Adding environmental (climate, soil, topography) and socio-economic variable to see if the 

agrarian system typology is better explained and forecasted.

 A small step forward in the study of socio-ecological systems


