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Abstract 

Understanding a species’ current and future potential habitat is crucial to design its policy for management and cultivation 

practices that are more resilient in the face of climate change. This study assessed the present-day distribution and predicted the 

potential effect of climate change on the distribution of Anacardium occidentale’s habitat in Togo under two Representative 

Concentration Pathways (RCP4.5 and RCP8.5) by 2055. Maximum Entropy algorithm, 2538 species occurrence records, and a 

combination of 23 climate- and soil-related variables were used. Soil, isothermality, temperature seasonality, and annual precipitation 

are the most significant environmental factors affecting the distribution of the species in Togo. Based on the current model, 54.45% of 

the Togolese landscape is favourable for cashew development, mainly in the plains of Guinean and Sudanese savannahs. Unfavourable 

areas (15.20%) are in the southern mountainous areas of Togo and coastal areas. An increase in favourable areas and a slight decrease 

in unfavourable and moderately favourable areas are predicted by 2055, considering the two scenarios.  

Keywords: Fruit crops; Climate change; Habitats; MaxEnt; Togo. 

1. Introduction 

Climate change is now broadly recognized and 

accepted as evident and one of the world’s most pressing 

environmental challenges. Global climate change, 

mostly driven by increases in atmospheric 

concentrations of anthropogenic greenhouse gases, has 

significant impacts on human health, socio-economic 

activities, and ecosystems [1]. Under climate change, 

species may shift their ranges to cope with changes in 

climate [2]. 

In Africa, forestry and agriculture are likely to be the 

economic sectors affected mainly by climate change and 

variability [3, 4]. To cope with these changes, rural 

populations have embarked on a process of diversifying 

their income through the use of new resilience strategies, 

mainly cashew cultivation.  

The cashew tree (Anacardium occidentale L.) 

belongs to the Anacardiaceae family [5, 6]. The genus 

Anacardium contains eight native species from tropical 

America, among which A. occidentale is the most 

economically important [7]. This introduced tree species 

has become an essential source of income for rural 

populations [8, 9]. It is mainly cultivated for its nut 

which is an important industrial and export raw material 

[10]. Within Africa, the crop is booming and a raw nut 

production has increased from 1 million tons to 1.8 

million tons with an annual growth of 5.8% between 

2011 and 2018 [11]. 

Reducing atmospheric carbon levels promotes a 

healthy environment conducive to human development. 

The cashew plantations contribute to the efforts to 

address climate change through carbon sequestration 
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[12]. Reducing atmospheric carbon levels promotes a 

healthy environment conducive to human development. 

The increase in the cultivated area of the cashew is due 

to its high hardness and low soil and climate 

requirements. It is especially suitable for areas with a 

warm tropical climate with alternating wet and dry 

seasons. The species adapts to various soils. In response 

to the projected negative impacts of climate change on 

biodiversity [1], there is a need for data regarding the 

future geographical range of high socio-economic value 

species like cashew. This understanding will help 

develop effective adaptation strategies to maintain 

ecosystem services and functions [13]. 

In Togo as in the Sub-Saharan African region, 

cashew cropping is gaining importance due to the recent 

trade development in the two main products: cashew 

kernels and cashew balms. The species’ cost-

effectiveness pushes producers to establish new 

plantations even in areas that are sometimes not 

favourable enough for its growth. This study aims to 

provide tools that allow quick detection of favourable 

habitats for cashew cultivation in Togo by answering the 

following three questions. Can cashew cultivation 

succeed anywhere in Togo? What role do the local 

environmental conditions play in determining the 

success of cashew plantations, and how will climate 

change impact these areas in the future? 

2. Methodology 

 

2.1. Description of the plant material the 

Anacardium occidentale L.: 

Anacardium occidentale L. is a woody species with 

a flared canopy of up to 15 m in height, sometimes more 

than 15 m. It has a highly branched trunk with dense, 

evergreen, dark-green foliage (red or pale green in the 

juvenile state) with a regular, hemispherical canopy 

measuring 12 to 14 m in diameter. The branches have a 

globular and drooping habit. The stem bark is rough 

grey with a pinkish edge. The leaves of alternate 

phyllotaxis are simple, whole, oval or oblong, rounded at 

the top, and leathery of dark-green colour.  

The flowers, supported by a very short pedicel, are 

small, pentamerous, zygomorphic, white or pale yellow 

streaked of pink at the time of the bloom, becoming pink 

a little afterwards. They are covered with broad bracts 

that are slightly pubescent. The calyx is made up of free, 

green, oblong, erect sepals, with quincunx pre-flowering 

and forming a kind of tube of a length equal to that of 

the pedicel. The petals are white or yellow, sometimes 

streaked of pink, free, linear to lance-shaped, alternated, 

and with imbricate pre-flowering. The stamens, 

generally to the number of 10, are welded by the base of 

the nets in a tube of 2 mm length. Generally, the 

terminal flower of each cyma is hermaphroditic and the 

laterals are unisexual [14]. The cashew fruit is an achene 

(Figure 1), notably a grey or greyish-brown kidney-

shaped nutlet at maturity.   

 
Copyright © D.M. Assang/W. Atakpama, 02/2021 

Figure 1: Cashew tree fruits: red apple variety (a) and yellow apple 

variety (b). 

2.2. Description of the study area  

With an extent of 56,600 km2, Togo is a West 

African country. The climate is intertropical with 

significant variations from the south to the north. The 

rainy season is shorter from south to north. From 8°30 

north in the West and 9° north in the East to the border 

of Burkina Faso, there is a subtropical Sudanian dual-

season pattern and its variants with three to six 

ecologically dry months. The southern part of the 

country experiences a sub-Equatorial Guinean climate 

with four seasons and two variants: the Guinean 

lowland type, which is less rainy with 1,000 to 

1,300 mm/year, and the Guinean mountain type, which 

is rainier with about 1,600 mm/year. Most of the 

country is covered by savannahs and is divided into five 

ecological zones [15]: ecological zone I or northern 

plains, ecological zone II or northern mountains, 

ecological zone III or central plains, ecological zone IV 

or southern mountains, and ecological zone V or the 

coastal plain of southern Togo (Figure 2). 
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Figure 2: Location of the study area: Togo in Africa (A), Togo in West Africa (B) and Ecological subdivision and protected areas of Togo (C).

The northern plains (ecological zone I), located in 

the country’s northern part, are dominated mainly by 

Sudanian tree and shrub savannahs. In the northern 

parts of this zone, a thorny shrub savannahs similar to 

that found in Burkina Faso between Ouagadougou and 

Kaya develops on eroded, more or less rocky soils [16]. 

There are vast agroforestry parks, notably those with: 

roasted trees (Borassus aethiopum Mart. and Borassus 

akeassii Bayton, Ouédraogo & Guinko), African locust 

beans trees (Parkia biglobosa (Jacq.) R.Br. ex Benth.), 

shea butter trees (Vitellaria paradoxa C.F. Gaertn.), 

baobabs (Adansonia digitata L.), etc. [17-20], which are 

important sources of income for local populations. 

Along the rivers, gallery forests are characterized by a 

high level of anthropogenic influence [21, 22].  

The northern mountains (Zone II) are characterized 

by the Kabyè massif and the Defalé Mountains that 

border the Niamtougou plateaus and the Binah plain. It 

is an area of dense dry woodlands, open woodlands, and 

grassy savannahs [23]. It is also home to agroforestry 

parks dominated by the African locust beans trees, the 

shea butter trees, and the baobab trees [17, 18, 24]. 

The Central Plains or Ecological Zone III refers to 

the large areas of plains in the country’s centre with 

elevations between 200 and 400 m. The dominant 

vegetation is wooded Guinean savannahs. Open forests 

and discontinuous gallery forests are also [25].  

Ecological zone IV corresponds to the southern part 

of the Togolese mountains, still called the Atakora unit 

[26]. It consists of the Litimé and Ahlon plains, the 

Akébou, Akposso, Dayes, and Kloto plateaus. It 

constitutes the area of moist and semi-deciduous forests 

of Togo [27]. There are also extensive areas of Guinean 

savannahs, also known as mountain savannahs [6]. 

Native plants' communities in this zone are subject to 

strong human pressures. Most of them are transformed 

into agroforestry and agrarian areas for cocoa or coffee 

[28, 29]. 

The coastal plain of southern Togo (zone V) is 

dominated by the coastal sedimentary basin located 

country’s extreme south. Due to the high population 
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density, the coastal plain vegetation is characterized by 

a mosaic of farmland and fallows [30]. There are also 

scrublands, bushes, and derived savannahs [6]. Within 

the grassy savannahs of the littoral, there are savannahs 

with bushy termite mounds and patches of sacred 

forests [31]. Mangroves, floodplain grasslands, and 

savannahs also occur in the extreme southeast of the 

zone [32]. These grasslands and savannahs are highly 

solicited for cow pastures [33].  

2.3. Occurrence Data Collection 

Occurrence data of the cashew trees across Togo, 

Benin, and Ghana were collected using a GPS (Global 

Positioning System) Garmin receiver and android  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Spatial distribution of cashew tree presence in West Africa.

2.4. Environmental Data 

A total of 23 environmental variables were used to 

model the cashew-growing areas. These included 21 

bioclimatic variables combined with altitude and soil 

data (Table 1). The bioclimatic variables and altitude 

data were extracted from the AFRICLIM1 database [34] 

and the soil data from the Harmonized Soil2 base [35]. 

                                                           
1 https://webfiles.york.ac.uk/KITE/AfriClim/GeoTIFF_30s/ 
2  http://www.fao.org/land-water/databases-and-software/hwsd/en/ 

The resolution is 30 seconds, equivalent to 1 km2 at the 

equator. These variable layers were cropped along the 

West African boundaries and then converted to ASCII 

files compatible with the MaxEnt algorithm3.  

The models were performed using all environmental 

variables [36, 37] instead of correlative analysis and 

choice of variables as done in several several previous 

studies [38, 39]. Two scenarios of emission called RCPs 

                                                           
3 Detailed description of the program is given by C. Merow and al.: 

https://doi.org/10.1111/j.1600-0587.2013.07872.x   

application MAPS.ME between November 2020 and  

February 2021. To improve the accuracy of the model, 

it was recommended to use occurrence data that cover 

as much as possible the area where the species is driven 

by the same climatic factors. Therefore, additional 

occurrence data of the cashew in West Africa provided 

by the Global Biodiversity Information Facility 

platform (https://www.gbif.org/) were collected using 

the “gbif” extension in the QGIS 2.18 software1 (Figure 

3). These data are the updated data from 1950 to 2020. 

A total of 2,538 points of occurrence were used for the 

modelling after crosschecking and suppression of 

wrong and duplicated occurrences. These considered 

occurrences included 833 across Togo and 1,705 of 

GBIF. 

 

https://webfiles.york.ac.uk/KITE/AfriClim/GeoTIFF_30s/
http://www.fao.org/land-water/databases-and-software/hwsd/en/
https://doi.org/10.1111/j.1600-0587.2013.07872.x
https://www.gbif.org/
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(Representative Concentration Pathways)4 were used for 

the future climate projections based on the four 

scenarios of greenhouse gas emission. The two selected 

scenarios are the most realistic ones. These include the 

optimistic scenario (RCP 4.5) and the pessimistic 

scenario (RCP 8.5) [40]. The RCPs were designed to 

test the global climate response to greenhouse gas 

emissions.  

Table 1 

Environmental variables used for modelling. 

Environmental 

variables  
Description of the variable 

Soil Soil 

Elevation Altitude 

Temperature Variables 

bio1 Annual Mean Temperature 

bio2 Mean Diurnal Range 

bio3 Isothermality (BIO2/BIO7) (* 100) 

bio4 
Temperature Seasonality (standard 

deviation *100) 

bio5 Max. Temperature of Warmest Month 

bio6 Min. Temperature of Coldest Month 

bio7 Temperature Annual Range (BIO5-BIO6) 

bio10 Mean Temperature of Warmest Quarter 

bio11 Mean Temperature of Coldest Quarter 

Pet Potential Evapotranspiration 

Pluviometry variables 

bio12 Annual Precipitation 

bio13 Precipitation of Wettest Month 

bio14 Precipitation of Driest Month 

bio15 
Precipitation Seasonality (Coefficient of 

Variation) 

bio16 Precipitation of Wettest Quarter 

bio17 Precipitation of Driest Quarter 

dm Number of dry months 

llds Duration of the longest dry season 

miaq Moisture index of the wettest quarter 

mimq Dry quarter moisture index 

mi Annual moisture index 

2.5. Modelling and validation of the model 

The modelling was performed with the MaxEnt 

algorithm, which has its basis in information theory, via 

a stand-alone Java program in the field of artificial 

                                                           
4 An overview:  https://doi.org/10.1007/s10584-011-0148-z 

intelligence [41]. This algorithm is one of the most 

powerful modelling methods capable of generating 

strong biogeographic information while providing good 

discrimination of habitats suitable for a species based 

on bioclimatic variables [41]. 

The occurrence data were entered into an Excel file 

and then converted to a “CSV” format, compatible with 

the MaxEnt algorithm. The model was repeated ten 

times to increase accuracy. To evaluate the model, 25% 

of the occurrence data were used to test the model and 

75% of the points to calibrate the model. 

The model accuracy was assessed using the 

Receiver Operating Characteristics Curve (ROC) 

index5, obtained by calculating the area under the curve 

(AUC). The AUC values are interpreted as proposed by 

Swets [42]: AUC<0.75 (the model is bad), 

0.75<AUC<0.90 (the model is fair), AUC ˃ 0.90 (the 

model is good). The evaluation of the model was 

completed by assessing the contribution of each 

variable used in the model run from the Jackknife test 

and the projection of the occurrences onto the model 

mapped. A new field investigation for the collection of 

123 new occurrences allowed completion of the 

validation of the model.  

The QGIS software was used to map the cashew 

potential current and future growing areas. Two habitats 

were first defined based on the 10 percentile threshold: 

unfavourable habitat (habitats with a probability below 

the threshold) and favourable habitat. Then the 

favourable habitat was subdivided into: less favourable, 

moderately favourable, and highly favourable. The area 

of each habitat and its dynamics under each scenario 

were calculated. 

3. Results 

 

3.1. Contribution of variables and model 

performance 

The average AUC value is 0.952 showing a good 

prediction of habitat. The variable that contributed the 

mostly to the models was the soil variable (solresam), 

followed respectively by the isothermality (bio3), the 

temperature seasonality (bio4), the annual precipitation 

(bio12), and the annual moisture index (mi). The least 

contributing variable was the altitude (Figure 4). 

                                                           
5 https://online.stat.psu.edu/stat504/lesson/7/7.4 

https://doi.org/10.1007/s10584-011-0148-z
https://online.stat.psu.edu/stat504/lesson/7/7.4
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Figure 4A: Contribution of variables in the modelling according to the Jackknife test  

 

 
Figure 4B: The Cross-validated areas under the receiver operating characteristic curve (AUC)

3.2. Current and future potential cropping area of 

A. occidentale in 2055 

More than half (54.45%) of Togo's territory is 

potentially highly favourable for cashew cultivation 

(Figure 5). These highly favourable habitats are located 

more in ecological zones II and III corresponding to the 
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Sudanian and Guinean savannahs. The species’ medium 

and less favourable habitats are located in the northwest 

of the ecological zone I and in the southeast of 

ecological zones III and V. The unfavourable habitats 

are estimated to be 15.2%. They are located more 

towards the country’s southwest, specifically in 

ecological zone IV and south of ecological zone V. 

 

 

Figure 5: Current potential cultivation area of the cashew tree according to ecological zones (A) and economic regions (B) of Togo. 

The RCP 4.5 predicts a large (64.90%) and small 

(15.30%) favourable and unfavourable habitats, 

respectively, by 2055. RCP 8.5 shows the same trends 

(62.20% and 18.50% for the highly favourable and 

unfavourable habitats, respectively) (Figure 6). The 

projections show a 10% expansion in the area of highly 

favourable habitat by 2055 under the RCP 4.5 scenario. 

The medium and low favourable habitats will decrease 

by 3% and 7%, respectively. Scenario 8.5 indicates an 

increase of 8% in current highly favourable habitats. 

The medium and low favourable habitats decreased by 

6% and 5%, respectively. Meanwhile, a 3% increase in 

unfavourable habitats is predicted. 
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Figure 6: Proportion of current and potential future habitats according 

to the RCP 4.5 and RCP 8.5 scenarios of the cashew tree in Togo. 

4. Discussion 

 

4.1. Model reliability and ’variables' contribution 

The strength and validity of species distribution 

models depend on the input data. This study used the 

maximum entropy (MaxEnt) approach used by several 

authors in species distribution [43, 44] for mapping 

potential growing areas of the cashew in Togo. This 

’approach's strength is its ability to combine occurrence 

data and environmental variables across the study area 

[45]. It also has the facility to run with quantitative and 

qualitative data simultaneously. The value of the Area 

Under the Curve showed a good prediction of the 

cashew trees’ favourable habitat in Togo. 

The least favourable habitat for cashew cropping is 

found in areas of high rainfall, particularly in the 

mountainous areas of the south and the coastal zone of 

Togo. The Kara and Central regions are predicted to be 

highly favourable. This prediction is partly in line with 

the current cultivation areas of the species and is also 

consistent with the rainfall requirements of the cashew 

tree. [46]. Results showed that the fundamental habitat 

differs very little from the realized habitat. This 

contradicts several previous studies that showed that 

realized habitat is more frequently the most important 

than fundamental habitat [39, 47]. This finding is 

justified by the fact that this crop is adopted by farmers 

who implement plantings across the country without 

considering the climatic and soil requirements. 

Edaphic factors are one of the environmental factors 

that can predict and affect species distribution, 

specifically plant species [48, 49]. The distribution 

pattern of distribution showed that soil is a major factor 

in the spatial distribution of the cashew, followed by the 

bioclimatic variables, the isothermality, the 

temperature, and the annual precipitation. Soil affects 

plants physiological state, so its effect on the model is 

considerable. The implication of edaphic requirements 

of the cashew were stated by Gnahoua & Louppe [50]. 

The species does not thrive in clayey and flooded soils 

of lowlands such as those in the Maritime region of 

Togo. This situation could be linked to soil pH which 

was shown to affect considerable plant species 

distribution [51]. The pH can affect soil resource 

availability and nutrients up taking by plants [52]. The 

use of soil ecological characterization has become 

necessary in predicting multiple-use endogenous 

species. Thus, to improve plant SDM, appropriate 

indices of soil nutrients are needed. Seasonal 

temperature and precipitation define the soil moisture 

content [49]. The contribution of the seasonality, the 

temperature, and the annual precipitation supports the 

findings of Lyam et al. [44]. These authors showed that 

temperature and precipitation are major factors in plant 

species and vegetation distribution. Both of these 

variables added to soil act directly in the spatial 

distribution of the cashew and could be the primary 

environmental parameters in the ecology of the species. 

Variability in climatic factors across species 

populations highlights the ability of specific population 

models to lead experiences to disentangle local adaptive 

or functional differentiation.   

4.2. Implications of future climate conditions 

Predicting how the species might respond to climate 

change is a fundamental component in designing 

biodiversity conservation and management policies. 

Climate projections indicate that the area of habitat 

currently favourable for the cashew cropping in Togo is 

not expected to be stable under both scenarios (RCP 4.5 

and RCP 8.5). This could be due to the ability of the 

species to develop tolerance to climate change. 

The predictive models used for the 2055 horizon 

showed that habitats highly favourable to cashew 

development will expand. Considering the evolution of 

habitats with the different scenarios RCP 4.5 and RCP 

8.5, it may be stated that climate change will not be a 

major threat to cashew cultivation in Togo. It is 

therefore a crop that is resilient to climate change. 

However biotic factors and anthropogenic disturbances 

can affect the species niche distribution [49]. Including 

natural disturbances such as herbivory, human 

settlements and density in the SDMs should be an 

excellent predictor of understanding the impact of 

climate change on the species niche. This can lead to 
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understanding how temperature and rainfall change 

patterns could affect vegetation distribution. Ecological 

zones II and III are not only favourable for the species 

valorization, but also adequate for the 

conservation/sustainable cultivation of cashew trees, in 

contrast to ecological zone I showed as less favourable 

for its conservation. The habitats favourable to the 

species in the ecological zone I will consequently be 

more affected than those in ecological zones II and III. 

5. Conclusion 

The study assessed the effects of climate change in 

predicting the spatial distribution of potential 

cultivation for cashew trees in Togo by 2055. The 

results show that soil is the most important predictor of 

the spatial distribution of the cashew in Togo. The 

climate conditions indicate that 54.45% of the 

country’s land area is highly favourable for cashew 

cultivation in the next few years. This proportion of 

highly favourable habitats will increase significantly by 

2055 under the two climate scenarios (RCP 4.5 and 

RCP 8.5). Taking these findings into account for 

cashew plantations by the farmers and the Ministry of 

Agriculture, Livestock and Rural Development will 

increase the resilience of the populations to future 

climate conditions. 
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