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ABSTRACT 

 
Soil typologies are characterized by different 

distribution and circulation of water, associated with 

specific water chemical properties, and thus 

potentially affects the distribution and density of 

malaria vectors in the Amazon. Based on a conceptual 

model of tropical soil evolution and distribution, the 

curvature of watershed slopes is a key indicator of soil 

typology. The average curvature of each subwatershed 

in our study area was identified using 30 m resolution 

SRTM data. PALSAR image with a spatial resolution 

of 12.5 m was used to implement a land cover map, 

including water and non-water surfaces. The non-

water surface was then integrated with the average 

curvature of subwatersheds for soil typologies 

mapping. An indirect approach of soil typologies 

prediction was proposed, which is complementary 

with the classical soil classification methods. 

 

Index Terms— Soil typologies mapping, SRTM, 

ALOS PALSAR, geomorphology, malaria 

 

1. INTRODUCTION 

 

Malaria is one of the most common vector-borne 

diseases in the world, with an estimated 214 million 

new cases and 438,000 deaths in 2015 [1], which 

mostly covers tropical and subtropical zones. In the 

Americas, the Amazonian region is the most affected 

by the disease. Soil typologies play an important role 

in malaria transmission. Actually, the distribution and 

density of malaria vectors is impacted by water 

physical and chemical properties, which are linked 

with soil typology.   

In the Amazon, sustained high temperature and 

heavy rainfall significantly affect soil evolution and 

consequently geomorphologic features. 

Geomorphologic features (elevation, slope, aspect, 

curvature, etc.) are then indicators of soil evolution. 

They are the consequence of movements and 

redistribution of water and matter in the landscape [2]. 

Moreover, soil typologies mapping is a difficult topic 

in the Amazon because of dense forest cover and poor 

accessibility for field data [3]. In such context, using 

remote sensing is a solution for digital soil typologies 

mapping. Digital elevation model (DEM), combined 

with optical and/or Synthetic Aperture Radar (SAR) 

imagery may be used to characterize geomorphologic 

features and water distribution [2]. SAR data are 

cloud-penetrating which enables to reduce the 

information omission caused by clouds.  

The objective of this study is to propose a novel 

method of digital soil mapping based on 

geomorphologic features determination and remote 

sensing.  

 

2. STUDY AREA 

 

This study was carried out in an Amazonian area, the 

cross-border region between French Guiana and 
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Brazil, corresponding to the Oyapock basin and 

including the French municipalities of Camopi, Saint-

Georges-de-l’Oyapock and Ouanary, and the Brazilian 

municipality of Oiapoque (Figure 1).  

 

 
Figure 1: The elevation map and administrative 

division of study area. 

 

The altitude increases from the northeast to the 

southwest, with the eastern coastal lowlands and the 

western highlands (Figure 1). The climate is typically 

tropical, with an average annual temperature of 27°C 

and humidity ≥ 80%.  

 

3. DATA AND METHODS 

 

3.1. Knowledge-based model of soil evolution 

 

In our study area, ferralsols derived from a granito-

gneissic basement are dominant. The soil evolution 

presents three main processes (Figure 2) [4]:  

1. Vertical lessivage of ferralsols with the lateral 

impoverishment of ferrum;  

2. Impoverishment and redistribution of ferrum 

with the blockage of B-Horizon by illuvial 

clay;  

3. Podzolisation hydromorphic: ferralsols is 

progressively degraded and disappear while 

clay minerals are attacked. 

The stages of soil evolution correspond to convex, 

convex-concave and concave interfluves, respectively. 

Ferralsols (red) are predominant in convex interfluves. 

Soils with a little development (Red-yellow) mainly 

occur in convex-concave interfluves. Hydromorphic 

soils mainly appear in concave interfluves.  

 

 
Figure 2: The knowledge-based model of soil 

evolution [4]. 

 

3.2. Soil typologies mapping 

 

The Shuttle Radar Topography Mission (SRTM) 30m 

DEM was used for identifying the curvature, flow 

direction and the outlet of each subwatershed. The 

flow direction data and outlets were used to compute a 

layer of subwatersheds, which was integrated with 

curvature layer using zonal statistic for determining 

the average curvature of each subwatershed. Finally, 

all subwatersheds were classified as convex, concave-

convex and concave, which the three soil types in the 

soil evolution model. The above data processing was 

performed using Arcmap 10.2.  



Water surfaces and artificial lands do not contain 

information relevant for soil typologies mapping [2]. 

Moreover, artificial lands accounts for a very small 

proportion in our study area. One ALOS PALSAR 

image dated August 7, 2010 with a spatial resolution 

of 12.5 m (radiometrically calibrated, with the speckle 

filtered and geometric correction) was used to perform 

a textural analysis (GLCM under Sentinel tool box). 

Then, a simple thresholding method on the entropy of 

SAR signal was used for creating a binary land cover 

map: water and non-water surfaces. The convex, 

concave-convex and concave were applied on the non-

water surface for implementing the specialization of 

soil typologies. The entire method is summarized in 

Figure 3.  

 

 

Figure 3: Summarized methodology for soil typology 

mapping using DEM and SAR data 

 
4. RESULTS AND DISCUSSION 

 

4.1. Results 

 

Figure 4a shows that the water and non-water surfaces 

are distinctly visible in PALSAR image. Water 

surfaces were detected using an appropriate threshold 

value of entropy (figure 4b).  

The subwatersheds were presented in figure 5. 

Three soil typologies located in the three different 

landscapes in term of curvature (figure 6).  

 

 
(a) 

 

(b) 

Figure 4: a) ALOS PALSAR imagery; b) the 

binary land cover (water and non-water surfaces) 

(subset of Saint-Georges city). 

 

 
Figure 5: Example of subwatersheds in our study 

area. 

 



 

Figure 6: Map of soil typologies related to soil 

evolution. 

 

4.2. Discussion 

 

In our study, the knowledge of tropical soil evolution 

is the cornerstone. The proposed method is suitable for 

our study area because of the predominance of the 

dense vegetation cover and the small amount of 

artificial lands. Other environmental factors or 

geomorphologic features may be integrated in this 

study. For example, the effect of vegetation as 

indicator of soil evolution may be relatively easy to 

characterize using remote sensing and should be 

considered in the future. High-resolution satellite 

imagery could be used to extract artificial lands in 

other study areas where artificial lands accounts for a 

larger proportion. The validation of soil classification 

could be performed, using the existing pedological 

maps, field data and expert knowledge. Moreover, 

using the proposed method, the DEM at a higher 

spatial resolution may be used to refine the map of soil 

typologies which could be used at a local scale.  

 

5. CONCLUSION ET PERSPECTIVES 

 

This study proposed a novel method of soil typologies 

mapping based on the knowledge of tropical soil 

evolution and the combining of DEM and SAR data. 

The approach enables the identification of 

geomorphologic features and the spatialization of soil 

types. The proposed approach may be used to access 

the breeding sites of malaria vectors and their water 

physical and chemical properties.  
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