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Spotlight on tree crops 

F or a producing country, knowledge of 
the areas planted to coffee and 
cocoa, along with their location and 

their vegetative condition is essential for 
defining an appropriate agricultural policy: 
management of land resources and regional 
planning, gaining an idea of future supply, 
introduction of supervisory infrastructures 
for production and collection, etc. In Côte 
d'ivoire, these two crops are grown over 
vast expanses in often spontaneous initia-
tives by smallholders to develop forest 
zones, the dynamics of which are not com-
pletely known and are unsupervised. 
Consequently, although cocoa and coffee 
are very important export products in 
Côte d'ivoire, the areas planted are not 
precisely known, with estimations fluctu-
ating between 2 and 4 million hectares in 
ail. 

Such knowledge can be acquired by con-
ventional inventories of the stands, with 
identification of plantations and area mea-
surements in the field . ln order to provide 
an alternative to these laborious and expen-
sive conventional techniques, BNETD-CCT 
(Côte d'ivoire) and CIRAD carried out a 
joint study to test the feasibility of statisti-
cal inventory mapping based on Spot 
images and field surveys. 

The methodology was developed in the 
department of Daloa, in central-western 
Côte d'ivoire, over an area of 29,842 ha 
within the pilot zone of the Rural Cadastral 
Plan of Daloa. The map of cadastral plots, 
which was still incomplete, included indica-
tions of land occupation, based on 
15 themes, including coffee and cocoa. 
Similar work was launched in the depart-
ment of Soubré. 

Methodology 
Various operations were carried out for this 
project, from a preliminary survey to valida-
tion of the classifications obtained. The 
sequence of these different operations is 
shown in figure 1. 

Preliminary agronomie survey 
and biometric analysis 
The agronomie survey (January-February 
1997) involved 358 plots, including 
159 cocoa plantings and 197 coffee plant-
ings. Only plots more than 5 years old were 
taken into account, thus excluding young 
plantings that were not agronomically sta-
bilized. The 36 variables noted were identi-
fiers and descriptors from agronomie, topo-
graphical, pedological and socio-economic 
viewpoints. A multiple correspondence 
analysis was carried out on ail these data 
and revealed that, for both crops, the first 
axis was always an intensification axis. For 
instance, in the case of cocoa, it contrasted 
high-yielding plots in good agronomie con-
dition with low-yielding plots, or virtually 
abandoned plots, often set up using the old 
cultivation system based on non-improved 
planting material (Amelonado). The level of 
intensification, characterized simply from 
the yield estimated by surveyors, was there-
fore an indicator that summed up both the 
integrity of the plots and the vegetative 
conditions of the trees within them, two 
parameters that were likely to be revealed 
by satellite remote sensing. 

Preliminary processing 
of geographical data 
Different operations made it possible to 
match the image obtained with the satellite 
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Figure 1. Diagram of operational sequence. 

scene (Spot-XS 46-336 scene dated 29th 
March 1998) with a map comprising a 
9-plate PFR photomosaic, in order to select 
training and check plots. 

Image classification 
The classification method used was "super-
vised maximum likelihood classification" 
and was carried out in several stages: 
•identification ofthemes (classes), 
• choice of training plots, 
• checking of the classification rule in the 

test zone, 
• validation on the entire scene. 

Identification of themes and choice of train-
ing plots 
An initial eight themes were defined: cof-
fee, cocoa, forest, fallow (including food 
crops and cotton) , wasteland (tall grasses, 
Chromolœna odorata, forest regrowth), 
habitat-denuded zone, cleared forest and 
bottomland. For these eight themes, 
63 training "plots" (representative sample) 
were chosen, covering a total of 302 ha, i.e. 
1% of the study area. 

The training plots for the coffee and 
cocoa themes came naturally from the 
agronomy surveys. For the other themes, 
they were chosen by photo-interpretation 
based on the indications on the PFR photo-
mosaic, which thus constituted the "field 
truth". Classification was then carried out 
us ing three channels (XSl, XS2, XS3). 

A study of spectral signature separability 
(Jefferies-Matusita distances) showed that, 
generally speaking, the themes adopted 
were clearly separable. 

Validation in the test zone 
Plot checking for the coffee and cocoa 
themes involved all the survey plots, except 
those that were abandoned and those 
already used for train ing, i.e. 174 coffee 
plantings and 143 cocoa plantings. The 
training and check plots for the other 
themes were chosen using the PFR photo-
mosaic. Overall plot checking consisted of 
389 elements, for 2,589 ha. 

The classification was evaluated from a 
confusion matrix in accordance with so-
called "majority" recognition (classification 
of the plot according to its majority theme). 
This corresponded to the purpose and to 
the results of the agronomie survey, which 
identified the plots according to their domi-
nant crop. 

Validation of the whole scene 
In order to validate the classification 
results on the whole scene, i.e. 3,600 km2, a 
sampling plan was drawn up in two stages: 
firstly stratified random sampling (based on 
the representativeness of the themes) of 
320 uniform units of at least 5 ha, then, in 
order to account for access difficulties, a 
selection of units whose centre was located 
Jess than 1,200 m from a practicable track. 
180 units were chosen in this way, 133 of 
which were effectively investigated, i.e. an 
investigation rate of 0.2%. During the vali-
dation survey, the centres of the units were 
located by a GPS (Global positioning sys-
tem). 

Results 
In the test zone (table 1 and figure 2) the 
theme recognition rates varied from 66% to 
100%. Coffee and cocoa were recognized at 
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69 and 66%, respectively. The overall per-
centage of correctly classified pixels was 
72%. 

On the entire scene (table 2) , coffee and 
cocoa were recognized at 86 and 94%. 80% 
of pixels were correctly classified. For these 
two crops, statistical precision was satisfac-
tory: 0.86 and 0.90. 

Conclusions 
and prospects 
Despite the numerous constraints, some of 
which were specific to the agriculture and 
tropical climatology ( e.g. cloud cover in the 
rainy season prevents scenes from being 
taken), the results obtained in terms of 
theme recognition and statistical precision 
are acceptable for statistical mapping pur-
poses. lt seems they could be improved by 
using the mid infrared (MIR) channel. 

Extension of the method to the entire 
cocoa and coffee growing zone of Côte 
d'ivoire can thus be envisaged. 

The next step of the work will be an ana-
lytical approach intended to characterize 
the condition of the cocoa and coffee plots 
and, consequently, their suitability for reha-
bilitation. • 

NC : unclassified; FWBL: recomposed theme (fallow-wasteland-bottomland); HDZCF: recomposed theme (habitat-denuded 
zone-cleared forest) . 

*Om1sS1on for a theme A: errer by which a plot belonging to the land 1n theme Ais classified tn another theme. 
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Figure 2. Classified image of the test zone. 
True scale 1 :30,000 
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NC : unclassified . FWBL: recomposed theme (fallow-wasteland-bottomland); HDZCF: recomposed theme (habitat-denuded 
zone-cleared fores!) . 

*Commission for a theme, A = errer by which a plot belonging in the field to theme B is clas51fied and mapped 1n theme A. 
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