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Abstract -A geographic information system (GIS) was 
developed in Martinique, to perform soil zoning for the 
revival of the production of Coffea arabica var. typica. 
Pioneer in the cultivation of coffee in the Caribbean 
since 1720, today Martinique plays no role in the coffee 
industry. In addition, due to its rarity on the island, the 
edapho-climatic requirements of Coffea arabica had to 
be defined based on the world literature. The digital 
data (isohyets, isotherm, geomorphology) was obtained 
from Martinique’s institutions with expertise in the 
production of environmental data (IRD, IGN, Météo-
France, DEAL Martinique, CTM)1. These data have 
been processed with a SIG software: QGIS version 
2.8.1. During the investigations, the rainfall represented 
a factor limiting any possibility of production of Coffea 
arabica var. typica in the future. By removing the 
pluviometry from the set of parameters, we can 
visualize the areas that might be acceptable to this 
culture. With the forecast of the National 
Meteorological services for the 2071-2100 period under 
the new climate requirements, we carried out an agro-
climatic zoning which also showed us the impossibility 
of producing this coffee in the future. 
Keywords - Martinique, Coffea arabica var. typica, 
edapho-climatic requirements, GIS, soil zoning, agro-
climatic zoning, climate change. 

I. INTRODUCTION 
 
From the point of view of its geomorphology, 
Martinique offers a diversity of biotopes favouring the 
implementation of very varied ecosystems with 
numerous life forms, including the useful plants. They 
                                                            
1IRD: Institute of research for development (France) / IGN: 
National Geographic Institute (France) / Météo-France: French 
Meteorology Agency / DEAL: Directorate of planning and 
housing environment / CTM: the Territorial Community of 
Martinique. 

could help the economic development of the territory: 
it is the case of the coffee species. Among these, a 
variety of the most cultivated species in the world: the 
Coffea arabica var. typica [1-5], was introduced 
nearly 300 years ago on the island (Fig.1) and had 
been cultivated here before it was abandoned in the 
nineteenth century [6]. 
To revive this culture, it was necessary to identify 
suitable zones2. Therefore, soil zoning was carried out 
based on the edapho-climatic requirements of Coffea 
arabica as defined in the world literature [1-3], [7-18]. 
There are several definitions regarding crop zoning on 
the basis of the objectives [19]. We can summarize 
zoning by the delimitation of the agricultural 
characteristics of the regions depending on the 
climate, the types of soils and geomorphology to 
which we can add the socio-economic context. 
Globally, there are several types of zoning for crops. 
This type of study can have several objectives: 
launching the production of a crop in a given region 
based on its ecological requirements [7], [8], [11], 
[20-22], planning the crops and increasing the yields 
[23], [24] or assessing the likely effects of climate 
changes on these crops and their yields [14], [25-29]. 
However, these zonings are often approximated and in 
general the microclimates are not taken into account 
[19]. In any case, zoning requires several steps [7], 
[8], [19], [22], [30]: defining the ecological 
requirements of the species on the basis of the main 
physical factors; then defining the zoning database, in 
other words establishing the criteria for a 
classification of the study area in several areas ranging 

                                                            
2 Because today there are no more coffee plantations on the island. 
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from optimal to unsuitable. Criteria such as the heat 
amplitude and rainfall as well as the soil type form the 
basis of zoning, as they are seen as determining 
zoning factors according to the world scientific 
literature [7], [9-11], [19], [22], [28], [29], [31]. These 
criteria result from the overlay of the mono-factorial 
extracted maps at 1: 500 000 (Temperature, rainfall, 
soil) [19], [22] using a GIS (geographical information 
system). 

 
Fig.1 Dissemination of coffee Arabica from Ethiopia to 

Martinique. 

II. MATERIALS 
 

Coffea arabica var. typica is native to Ethiopia [32], 
its grains were brought to Europe, to Amsterdam by 
the Governor of Java in 1706, and then to Paris circa 
1714. It was not until 1720 that they are introduced in 
Martinique by Gabriel De Clieu (1688-1774), an 
infantry captain, Knight and Lord of the Kingdom of 
France [6], [12], [17], [33].For half of the XVIIth 
century and in the nineteenth century, the Arabica 
Var. Typica coffeeseems to have been grown intensely 
in Martinique resulting in the famous "Martinique 
coffee" [6]. From its plantations, Martinique was also 
one of the redistribution places of the ArabicaVar. 
Typica coffeein the Caribbean [1], [2], [34-37] and till 
the 1750sit remained France’s leading West Indian 
supplier [6]. Introduced for agricultural purposes in 
the past, this species is currently very rare in 
Martinique. As a result, its ecological profile has been 
described using the world's scientific literature [1-3], 
[7-18]. 
 Martinique is a mountainous island with a 1128 
km2surface (70 km long, 30 km wide) located in the 
archipelago of the Lesser Antilles in the Caribbean, at 
14° 40' North latitude and 61° West longitude. It is 

located between Dominique to the North and St. Lucie 
in the South and is bordered to the East by the 
Atlantic Ocean and to the West by the Caribbean Sea. 
The climate is tropical, with an annual average 
temperature of 26° C. This island is regularly swept 
by trade winds from the East. The inter-seasonal 
temperature variations vary by 3° C [38]. There are 
two main seasons: from February to March (the dry 
season called lent) and from July to October (the rainy 
season called winter). These two seasons are 
accompanied by shorter transitional periods with less 
pronounced features. The wide variety of geological 
formations as well as the contrasting space 
distribution of rainfall result in great soil diversity. 
 

III. METHODS 
 

A world science literature search was carried out to 
establish the ecological profile of Coffea arabica. The 
ecological determining factors and the selected values 
are presented in table I [1-3], [7-18]. Eco-climatic data 
which can be used in a GIS were provided by 
Martinique’sinstitutions competent in the production 
of environmental data: average minimal and maximal 
temperatures, annual rainfall, soils and altimetry. For 
example, Météo-France provided climate data for 
2015 and the forecasts for 2071-21003[39,40] (Fig.2). 
The average annual temperatures are not available in 
the form of maps to be used in a GIS, so we used 
digital data of average annual minimal and maximal 
temperatures. Martinique’s soil maps, in the form of 
GIS data named: “pedo_IRD_2006” were received 
from the IRD. DEAL and the territorial community of 
Martinique supplied us with orographic and 
administrative GIS data as well as place names. The 
IGN database was used for altimetry (BDALTI 25 
metres from IGN, BD ORTHO® Version 2 of the 
IGN; 2010 ortho-photos).On the basis of these 
elements, we were able to set criteria to obtain a basis 
for zoning from optimal to unsuitable on the basis of 
the Arabica coffee requirements. The Qgis version 
                                                            
3Meteorological simulations named "ALADIN-CLIMAT" for the 
Lesser Antilles with a 10 km resolution (rainfall, maximal and 
minimal annual mean temperatures) and a 1km resolution for 
Martinique’s territory. 
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2.8.1 software (GIS software) allowed us to process 
the collected data (Geographic reference: 
WGS_1984_UTM_20N) and to draw up thematic 1: 
500, 000 maps. 

TABLE I 
Ecological requirements of Coffea Arabica 

 

 
 

 
Fig.2 Weather stations in Martinique. 

 
IV. RESULTS 

 
A. SOIL ZONING FOR COFFEA ARABICA 
VAR. TYPICA (1971-2000 CLIMATE DATA AND 
2006 SOIL DATA) 

 
A1.  Temperatures 

In the literature, the temperatures suitable for Coffea 
arabicaare average annual temperatures ranging 
between 16 and 25° C, therefore we had to determine 
the minimal and maximal annual average 
temperatures suitable for the biology of Coffea 
arabica (Fig. 3 &4). In reality, only the maximal 
temperatures have been considered since they 
represent the limiting factor (Fig.4). We found that the 
areas with average temperatures ranging between 16 
°C and 25 °C [1-3], [7-18], exhibit maximal average 
annual temperatures reaching 28 °C. 28 °C were 
therefore chosen as the only criterion for zoning. 
Thus, several stations in the North of the Island 
correspond to the above mentioned elements like 
Fonds-Saint-Denis and Ajoupa-Bouillon (Fig.4). In 
these areas suitable for the Coffea Arabica, although 
the average annual temperatures range between 22 
and 25 °C, the maximal average annual temperatures 
can reach 28/29 °C (Fig. 5 & 6). They are in fact 
acceptable areas for growing the Arabica. However, 
they are not optimal under the Coffea Arabica climate 
requirements defined in the literature [1-3], [7-18]. 
 

 
Fig.3 Average annual minimal temperatures (1971-

2000normal). (Source: Météo-France) 

Edapho-climatic requirements 
ofCoffea arabica 

Average annual 
temperatures 

16° to 25° C with an optimal 
temperature of 18° to 22° C 

Annual rainfall 1200 to 2400/3000 mm with an 
optimal quantity of 1800 to 2400 mm

Soil types 
Ferrisols, Andosols, alluvial soils, 
Brown-rusty to Halloysite soils, 

Fersiallitic soils 
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Fig.8 Map of Martinique soils. (Source: IRD). 

 

A3.  The zoning 

With regard to data from the international literature, 
we were able to carry out the zoning by considering 
the following three key factors: namely, temperatures, 
rainfall and soils [7], [9-11], [19], [22], [28], [29], 
[31], (Tables 2 & 3). 
 

TABLE II 
Requirements of Coffea arabica in the world 

scientific literature 
 

Acceptable Unsuitable 

Average annual 
temperatures 

16 ° to 25 °C with an 
optimum at 18 ° to 22 

°C 

<16 ° and >25 
°C 

Annual rainfall 
1200 to 2400/3000 

mm with an optimum 
of 1800 to 2400 mm 

>2400/3000 

Soil types 

Ferrisols, Andosols, 
alluvium, soil brown-

rust to Halloysite 
soils Fersiallitic soils 

Little 
developed 

soils on ash, 
Vertisols, 

urban areas 

 
TABLE III 

 
Soil zoning database for Coffea arabica, according to 

our own criteria 
 

Acceptable Unsuitable 
Average annual 

maximum 
temperatures 

<28 °C >28 °C 

Annual rainfall 1200 to 3000 mm >3000 mm 

Soil types 

Ferrisols, Andosols, 
alluvial soils, brown-
rust to Halloysite soils 

Fersiallitic soils 

Little 
developed 

soils on ash, 
Vertisols, 

urban areas 
 

Searches were carried out using the raster option 
calculator in the QGIS software [30]. To obtain the 
zoning we formulated the search as follows: [maximal 
temperatures] < 28 + [annual rainfall] < = 3000 + 
[soil] = 1. The soil map was the subject of a selection 
allowing us to retain those considered suitable soils 
[7-9], [12], [41]. This gave us a simplified map with 
two identifiers: 0 corresponding to unsuitable soil and 
1 for soil suitable for cultivation, this principle 
facilitated the previous zoning search. Using this 
search we created a map which showed there is no 
area favourable for the cultivation ofCoffea arabica 
(Figure 9). Unlike the temperature and soil, the 
rainfall is a very binding parameter because the 
rainfall quantities are too large. We wanted to achieve 
a zoning without precipitation to visualize any 
suitable areas since the drainage technologies allow us 
to limit the water over-saturation of damageable soils 
for this type of culture [18], [42]. In this case we 
obtain a more favourable zoning (Fig. 10 to 13). 
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highest peaks which are classified as "protected 
areas". 

 
 

Fig.20 Areas suitable for Arabica in the 2071-2100 period 
based on maximal temperatures (RCP 4.5 scenario). 

(Source: Météo-France). 
 

V. DISCUSSION 

We had to perform a bibliographic search to establish 
the ecological profile of Coffea arabica. In fact, this 
allochthon species is rare on the island and the few 
found specimens can be seen in people’s gardens: this 
does not actually establish its ecological profile. This 
is quite surprising because the historical sources tell 
us of an important coffee growing activity using this 
species, which reportedly took place in the XVIIIth 
century and XIXth century. 
 However, the results clearly demonstrate that the 
possibilities are limited for this coffee. Figure 21 
reinforces this observation starting with the altitude. 
In fact the highest peak of the island does not exceed 
1400 metres and our proximity to the Ecuador (14 ° 
North latitude) rob us of biotopes comprising the 

temperatures suitable for the production of Coffea 
arabica. 
 

 
 

Fig.21 Altitudinal zoning for the Coffea arabica 
(Source: IGN). 

 
The minimal temperatures range between 15ºC and 
25°C and do not exhibit strong requirements (Fig.3). 
With regard to the maximal temperatures (Fig.4), the 
variations lie between 21° and 32 °C. However, much 
of the territory exhibits maximal temperatures in 
excess of 28 °C during the year: which is excessive 
for the cultivation of Arabica coffee. The acceptable 
areas whose maximal average temperatures would not 
exceed 25°C are mainly located in the North. It should 
be noted that there are areas in the highest summits 
whose maximal annual average temperature is less 
than 25°C. The above mentioned features indicate that 
the environmentally acceptable areas for the 
production of Arabica coffee in Martinique are 
therefore very limited. 
 These areas suitable for the Coffea arabica, 
according to the mean annual maximal temperature 
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are found primarily in the North at altitudes above 450 
metres (Fig. 4 & 21). However, the annual rainfall in 
these areas is too important because it exceeds the 
water requirements of Arabica coffee. While not 
allowing the production of excellent coffee, the 
agronomic drainage techniques are likely to solve this 
problem. With regard to world literature and soil data 
(IRD GIS), the soils suitable for the culture of Coffea 
Arabica are: Ferrisols, Andosols, the alluvial soils, the 
brown-rust to Halloysite soils and the Fersiallitic soils 
(Fig.8), [7-9], [12], [41]. When the rainfall is not 
taken into account in searches using the QGIS (GIS 
software) software, we obtain a new map for the areas 
allowing the culture of Coffea arabica (Fig.10): all the 
lots cover an area of 16567 hectares. However, the 
latter will require appropriate agricultural techniques 
to reduce the soil’s water load.  
 Taking into account the same data for the 
ecological requirements for Coffea arabica var. 
typica, and taking into account only the climatic data 
(temperatures and annual rainfall), we can carry out 
the zoning for the cultivation of this coffee for the 
2071 to 2100 period: using the effects of the climate 
change. This agro-climatic zoning is carried out using 
the first scenario named RCP 4.5 one of two Aladin-
Climat simulations for the Lesser Antilles (Météo-
France) at a 10km resolution [39], [40]. 
 According to this simulation (Fig.14, 15 & 18) 
Martinique will exhibit increased temperatures. First, 
the maximal average temperatures for the entire island 
will increase from 21° to 32 °C at 23° to 33 °C. At the 
level of the island’s highest peaks the rising 
temperatures will result in a decrease of humidity. 
Therefore the highest altitude areas in the north will 
be the only ones exhibiting maximal temperatures not 
exceeding 28 °C considered acceptable for the 
Arabica coffee. These more suitable areas located on 
the island’s peaks are also steep, inaccessible and 
classified as protected natural areas. 
 Like the maximal average annual temperatures, 
the minimal average annual temperatures will also 
increase and range between 16 ° and 26 °C in the 
2071-2100 period (Fig.14). Unlike the maximal 
temperature, the values of the minimal temperature 
(16 ° to 26 °C), do not restrict the possibilities for the 

cultivation of coffee Arabica. In spite of a decrease in 
rainfall on the high peaks which are favourable for the 
coffee from the temperature’s point of view, it (the 
rainfall) will still remain too important: up to 5000 
mm of water per year (Fig.18). That is why, limited 
by rainfall, with the maximal average temperatures 
and the steep peaks where some areas are protected, 
Martinique has no real possibilities for the culture of 
Coffea arabica var. typicaby for the 2071-2100 
period.  

VI. CONCLUSION 
This study was carried out using eco-climatic data 
collected from Martinique’s institutions competent in 
the production of environmental data usable in a GIS 
(Q-GIS) software. Nevertheless several data are not 
available: namely the map of the mean annual 
temperature for soil zoning and the agro-climatic 
zoning as well as a more accurate map of the soils 
specifying their characteristics. However, the map for 
the average minimal and maximal annual 
temperatures allowed us to characterize the best 
environments based on extreme values. The map of 
the major soil types allowed us to include the 
necessary soil component for this type of study in our 
zoning. Anyway, in the scientific literature, the limits 
of this type of studies were given: namely the 
approximation or the fact of not taking into account 
the microclimates [19]. 
 We can draw several conclusions regarding the 
study. First if we consider just the edaphic-climatic 
requirements of the Arabica coffee (temperature, 
rainfall, and soil) for good vegetative growth and the 
good production of coffee and Martinique’s simple 
environmental conditions, there are no optimal 
environments. In fact, if in the North of the island we 
note acceptable temperatures and suitable soils, 
however the rainfall is not suitable for the culture of 
this coffee. Despite adapted agricultural techniques 
such as regular and limiting soildrainage, the 
opportunities for the culture of Arabica coffee are 
very limited. Several eco-climatic factors mustalso be 
checked later to complement our zoning such as: 
exposure to winds, cloudiness and the presence of 
moderate slopes to facilitate the crops. Secondly, this 
study also showed, based among others, on the 
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climate projection model that there will be no suitable 
area on the island for the cultivation of this coffee by 
2071-2100 due to the effects of climate changes. The 
project for the revival of this culture in Martinique 
seems very difficult or even impossible. 
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