
Seutloali, K.E. et al. (2018). Developments in the remote sensing of soil erosion in the 

perspective of sub-Saharan Africa. Implications on future food security and biodiversity. 

Remote Sensing Applications: Society and Environment, 9: 100–106. 

http://dx.doi.org/10.1016/j.rsase.2017.12.002       
  

 

University of the Western Cape Research Repository                                                                 seutloalikhoboso@gmail.com      
 

Developments in the remote sensing of soil erosion in the 

perspective of sub-Saharan Africa. Implications on future food 

security and biodiversity 
 

Khoboso E. Seutloali, Timothy Dube and Mbulisi Sibanda 

 

Abstract 

The remote sensing of soil erosion has gained substantial consideration, with considerable 

scientific research work having been conducted in the past, due to technological 

improvements that have resulted in the release of robust, cheap and high resolution 

datasets with a global foot-print. This paper reviews developments in the application of 

remote sensing technologies in sub-Saharan Africa with a explicit emphasis on soil erosion 

monitoring. Soil loss due to soil erosion by water has been identified by African 

geomorphologists, environmentalists and governments, as the primary threat to agriculture, 

biodiversity and food security across the continent. The article offers a detailed review of 

the progress in the remote sensing as it summarises research work that have been 

conducted, using various remote sensing sensors and platforms and further evaluates the 

significance of variations in sensor resolutions and data availability for sub-Saharan Africa. 

Explicit application examples are used to highlight and outline this progress. Although some 

progress has been made, this review has revealed the necessity for further remote sensing 

work to provide time-series soil erosion modelling and its implications on future food 

security and biodiversity in the face of changing climate and food insecurity. Overall, this 

review have shown the immediate need for a drastical move towards the use of new 

generation sensors with a plausible spatial, temporal characteristics and more importantly 

a global foot-print. 

 

1. Introduction 

Soil erosion is a critical environmental degradation problem globally (Ananda and Herath, 

2003; Gobin et al., 2004; Pimentel, 2006; Yang et al., 2003; Ma et al., 2014; Schönbrodt-

Stitt et al., 2013; Seutloali and Beckedahl, 2015a). This is due to its adverse impacts on 

agricultural production, water quality, soil resources and hydrological systems which pose a 

problem to human sustainability (Chen et al., 2011). Soil erosion is predominantly high in 

Africa, Asia and South America, with an average soil loss of 30–40 t ha−1 year−1 (Ananda 

and Herath, 2003). For instance, each year, about 5 Mg ha−1 of productive topsoil is removed 

in Africa, due to this environmental scourge (Angima et al., 2003). In sub-Saharan africa, 

approximately 360 Mha of land is currently experiencing serious soil erosion risk (Vågen et al., 
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2005), and this has far reaching environmental, social, political and economic implications, 

which results either onsite or offsite damages (Chen et al., 2011; Dabral et al., 2008). For 

instance, severe soil erosion that has been documented in the sub-Saharan Africa has resulted 

in declining soil fertility, ultimately affecting poverty and food security (Cohen et al., 2006). 

Mapping and monitoring the magnitude and spatial distribution of soil erosion is therefore 

an important technical task if sustainable land management is to be achieved (Alejandro and 

Omasa, 2007; Jain and Das, 2010; Le Roux et al., 2007). It is therefore crucial to have up to-date 

spatial information about the magnitude and extent of soil erosion for soil conservation 

planning and land rehabilitation programme (Aydda et al., 2014; Baban and Yusof, 2001; Lo 

Curzio and Magliulo, 2010), particularly in regions, such as the sub-Saharan Africa where 

livelihoods depend on soil quality for agricultural production. 

 

The recognition of soil erosion by water as a serious environmental problem worldwide 

including the sub-Saharan Africa, has resulted in the development of several soil erosion 

assessment methods. The first approach includes field measurements of soil erosion rates, such 

as the use of erosion plots based on natural or simulated rainfall (Boix‐Fayos et al., 2007; 

Cerdan et al., 2010; Nearing et al., 1999). However, these methods are limited to specific 

erosion factor assessment, model development and validation (Vrieling, 2006). Moreover, 

these models do not account for the spatial distribution of erosion activities, as they are limited 

to small spatial extents. The second approach includes field survey techniques that involve 

the identification and qualitative or quantitative evaluation of erosion features (Beckedahl 

and De Villiers, 2000; Sidle et al., 2011). This approach however, allows a small spatial scale 

mapping of erosion features, such as small catchments making it difficult to map larger 

areas, besides being labour intensive, costly, time-consuming and sometimes inapplicable, 

due to poor accessibility of eroded sites (Niemiec, 2009). Similarly, Le Roux et al. (2007) 

further indicate that these conventional methods provide data limited to local conditions 

and do not provide broad input datasets for soil erosion monitoring at regional scale. The 

third approach is the estimation of soil loss, through the use of soil erosion prediction 

models. This method is a quantitative process for soil loss estimation,through the integration 

of spatial data on erosion factors (Niemiec, 2009). The soil erosion prediction models 

however, require a series of detailed datasets on input parameters, such as soil, slope, 

vegetation and rainfall amongst others (Seutloali and Beckedahl, 2015b). 

 

Although the above mentioned approaches provide necessary information for soil erosion 

assessment and accounting, they however, depend on  expensive, time  consuming and 

labour intensive onsite sampling and data collection and this makes them limited in 

temporal and spatial scales to address soil erosion at larger scales (i.e. regional or national 

scales). In resource-scarce regions, such as the sub-Saharan Africa, distribution of already 

strained financial resources for conservation and rehabilitation purposes, as well as the 

development of policies and regulations; necessitates soil erosion assessment at a regional 

scale in order to divert resources on limited areas (Vrieling et al., 2006). However, good 

quality spatial data on soil erosion remains a challenge, especially the sub-Saharan Africa 

(Vrieling, 2006). For instance, Le Roux et al. (2007) indicates that the derived data from 

soil erosion observations around South Africa is limited to local conditions and that it does 
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not provide adequate input datasets for soil loss monitoring at regional scales. Meanwhile, 

remote sensing offers a practical and economical means to evaluate and monitor soil 

erosion at a regional scale and can make field sampling more focused and efficient (King et 

al., 2005; Lo Curzio and Magliulo, 2010; Lu et al., 2004; Wang et al., 2003). Its high 

temporal coverage offers archive data for assessing the dynamics of soil erosion change over 

time and space (Vrieling, 2006), and its digital data can be easily integrated into 

Geographic Information System (GIS) for further analysis (Saini et al., 2015). In the light of 

these advantages, researchers have used remote sensing techniques to identify soil erosion 

features, discriminate eroded areas and assess soil erosion intensity based on empirical 

relations between erosion sites and remotely sensed data (Vrieling, 2006). 

 

The rapid increase in the number of studies that have used remote sensing in studying soil 

erosion worldwide makes it imperative to provide an overview of the extent to which the 

technology has been used in an African context. This information is useful for land 

management, crafting robust land rehabilitation measures and in identifying optimal and 

cheap satellite data that can derive accurate information on various levels of soil erosion 

at regional scale. The prevalent levels of land degradation and the economic situation in most 

countries of sub-Saharan Africa necessitates cost effective and accurate methods for rapid, 

accurate and efficient soil erosion evaluation at regional scales. This article therefore seeks 

to review the status of the application of remote sensing in soil erosion assessment and 

monitoring in sub-Saharan Africa with special focus on: (i) methods used to assess and 

monitor erosion using remotely sensed data; (ii) overview of the most applied remote 

sensing datasets in sub-Saharan Africa and the highlighted reasons for the choice of the 

datasets; and (iii) highlighting the major capabilities and challenges of using remotely 

sensed data to evaluate soil erosion in sub-Saharan Africa. 

 

2. Remote sensing applications in soil erosion monitoring 

Soil erosion mapping using remotely sensed data has been historically based on the visual 

interpretation of aerial photography (e.g. Morgan et al., 1980; Nachtergaele and Poesen, 

1999; Morgan et al., 1978; Thomas et al., 1986). These studies concluded that aerial 

photographs are a viable alternative data source, providing detailed soil erosion 

information. This is because of the provision of high quality data that was deemed to be in 

agreement with data obtained from other erosion prediction methods. However, it is not 

feasible to utilise aerial photographs for continous mapping and monitoring of soil erosion at 

a landscape scales. This is because aerial photographs are costly and time consuming to 

process. Satellite remote sensing has therefore increased the ability to map and monitor soil 

erosion up to regional scales i.e. national scale (Le Roux et al., 2007; Pan and Wen, 2014; 

Panagos et al., 2015). Various satellite remote sensing techniques have been employed for 

mapping and monitoring soil erosion at different levels. When using remotely sensed data, 

erosion can be detected based on the correlation between erosion and spectral reflectance 

values (Le Roux et al., 2007; Vrieling, 2006). For instance, Haboudane et al. (2002) 

successfully mapped the spatial distribution of regional patterns of soil erosion in the 

Guadalentin basin, south eastern Spain, using specteral mixture analysis and a set of 

indices. They stressed that the soil surface optical properties can be utilised as indicators 
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of erosion in semi-arid environments. They also noted that indices incorporating 

shortwave infrared bands are effective in identifying pedogenetic indicators and erosion in 

sparsely vegetated areas. 

 

Besides the direct correlation between soil erosion and varying spectral reflectances, 

automatic extraction including supervised and unsupervised classification using 

techniques, such as the maximum likelihood and principle component techniques has also 

successfully been utilised in soil erosion detection and mapping (Le Roux et al., 2007). 

Alatorre and Beguería (2009) applied a supervised classification method using the 

maximum likelihood algorithm to identify eroded areas in a badlands landscape on marls in 

the central Spanish Pyrenees. This method enabled the discrimination of heavily eroded 

lands from sparse and densely vegetated areas, based on the spectral signature of bare soil 

on marls. Similarly, Vrieling et al. (2007) accurately identified erosion gullies in the 

Brazilian Cerrados from ASTER imagery, using a maximum likelihood classification. They 

concluded that a similar methodology may be applied to images obtained by different 

satellites, such as SPOT-5 and Landsat TM and ETM+ amongst others. 

 

Detection of offsite effects of soil erosion, such as sediment deposition and dissolved 

sediments in waterbodies can also supply information on soil erosion intensity (Jain and 

Das, 2010; Jain et al., 2002). Jain et al. (2002) assessed sediment deposition in the 

Bhakra reservoir situated along Satluj River in the foothills of the Himalayas using satellite 

datasets (IRS-IB, LISS II) and found that the results obtained from this approach were 

comparable to those obtained from the hydrographic survey. Similarly Miller and McKee 

(2004) utilised MODIS 250 m data to map the concentration of Total Suspended 

Sediments of coastal waters in the Northern Gulf of Mexico to determine transport and fate 

of eroded material. A short revisit period (i.e. near-daily) of MODIS instrument allowed an 

analysis of a significant short-term changes in the horizontal sediment trail. Moreover, a 

linear relationship was found between MODIS (250 m) Band 1 (620–670 nm) data and 

field measurements of Total Suspended Sediments. Goel et al. (2002) successfully assessed 

sediment deposition rate in Bargi Reservoir in India, using the IRS-1C multispectral satellite 

data, LLIS-III sensor and concluded that remote sensing techniques provide a timely, cost 

effective and convenient approach to estimate reservoir sedimentation as a proxy for soil 

erosion activities. 

 

Repeat-pass Synthetic aperture radar (SAR) interferometry enables detection of the change 

in soil erosion (Vrieling, 2006). SAR interferometry allows high-resolution measurements 

of topography, as well as surface deformation (Massonnet and Feigl, 1998). Smith et al. 

(2000) utilised SAR interferometry data to assess the distribution of erosion and 

deposition volume on the Skeidararsandur, Iceland following a flood event. In this study, 

disturbed and preserved surfaces were identified by their effect on interferometric phase 

correlation and the net topographic change was estimated by correcting and differencing 

interferometric topography before and after the flood. 
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Eroded surfaces can be mapped through on screen visual interpretation techniques of 

satellite images, based on differing spectral properties (Le Roux et al., 2007). For example, 

Dwivedi et al. (1997b) successfully interpreted Landsat MSS, TM and Indian Remote Sensing 

Satellite (IRS-1A) Linear Imaging Self-scanning Sensor (LISS-II) to derive qualitative 

information on eroded lands in a rugged terrain. They concluded that the finer spatial remote 

sensing datasets allow mapping at larger scales due to provision of terrain features which can be 

utilised in conjunction with ancillary data and ground information to obtain information on 

eroded lands. Similarly, erosion risk can be determined from utilising vegetation and 

topographic characteristics, acquired from additional data sources (Jain and Das, 2010; 

Vrieling, 2006). For instance Seutloali et al. (2015) utilised slope gradient calculated from the 

free-and-readily available 30-m spatial resolution Advanced Spaceborne Thermal Emission 

and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) to find out 

whether they could explain the morphology of gullies. The study concluded that the use of 

ancillary data or satellite derivatives, such as digital elevation models, improves soil erosion 

assessment. 

 

Fine spatial resolution remotely sensed data from platforms such as unmanned aerial vehicles 

has also been utilised in effectively mapping soil erosion activities. Peter et al. (2014) used 

unmanned aerial vehicle (UAV) remote sensing data in conjunction with experimental rainfall 

simulations in mapping gullies in the Souss valley of South Morocco. Their quantification of 

soil erosion by UAV data illustrated that a gully in a levelled study site eroded about 720 m3 of 

soil within a single rain period. 

 

3. General overview of remote sensing application in soil erosion 

In the recent decades, soil erosion research community has shown an intense interest in soil 

erosion assessment and monitoring, particularly in sub-Saharan Africa. This is because land 

degradation is increasing at faster rates while removing the top soil required for food 

productivity. The main goal is to create mechanisms that could be used to detect, monitor 

erosion activities so as to come up with effective site-specific soil erosion control methods, as 

well as propose rehabilitation solutions for degraded lands. Several remote sensing datasets, 

ranging from coarse, medium and fine spatial and spectral resolution satellite data, as well as 

image-derived products such as Digital elevation models (DEM) have been utilised in the sub-

Saharan Africa to assess and monitor soil erosion. A sample of studies that have used these 

datasets together with the findings and conclusions of each study is given in Table 1. 

 

3.1 Coarse resolution sensors 

Coarse resolution has been defined by Xie et al. (2008) as pixels with ground sampling 

distance greater or equal to 30 m. Coarse resolution satellite data (e.g. Very High Resolution 

Radiometer (AVHRR) of the National Oceanic and Atmospheric Administration (NOAA) 

satellites, Medium Resolution Imaging Spectrometer (MERIS) and Moderate Resolution 

Imaging Spectroradiometer (MODIS)) have most frequently been utilised in soil erosion 

research in many parts of the world. These datasets have been primarily utilised to evaluate 

the spatial distribution of vegetation cover, estimated suing the normalised difference vegetation 
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index (NDVI) and the Leaf area Index (LAI), as proxies for assessing the spatial distribution 

of soil erosion. Le Roux et al. (2008) utilised MODIS datasets to determine NDVI for soil 

erosion prediction at a national scale in South Africa. In southern Africa however, the 

application of course resolution datasets has been widely used to monitor vegetation 

productivity to asssess land degradation (e.g. Wessels et al., 2004; Thiam, 2003; Wessels et 

al., 2008; Mbow et al., 2015; Diouf and Lambin, 2001; Davis et al., 2017; Ibrahim et al., 2015). 

Most studies utilising coarse resolution data have been conducted elsewhere. For instance, 

Garatuza-Payán et al. (2005) successfully estimated temporal variability in potential soil loss in 

Yaqui river basin, located in northwest of Mexico and southwest USA, using NDVI derived from 

NOAA-AVHRR data. In their study conducted for the European continent, Panagos et al. 

(2014) concluded that the free and readily-available MODIS datasets have a potential of being 

used in environmental models, such as those dealing with soil erosion. Moreover, they 

demonstrated that products derived from MODIS improve both the spatial and temporal 

monitoring of biophysical characteristics of vegetation across large geographical areas, such 

as continents. Panagos et al. (2012) successfully derived LAI from Medium resolution imaging 

spectrometer (MERIS) data to use in the development of an erosion model and its 

application in the Strymonas catchment area, located in the cross border between Greece and 

Bulgaria. Although coarse resolution datasets have a lower spatial resolution, when 

compared to other spatial resolutions, they offer near daily spatial data at a high temporal 

resolution, which is suitable for perpetual monitoring and management of soil erosion 

activities (Millington and Townshend, 1984; Wessels et al., 2004; Ibrahim et al., 2015). 

Vrieling et al. (2008) suggested that the combination of these datasets with medium resolution 

data provides a potential for effective mapping of vegetation in regions where vegetation cover 

greatly varies spatially and temporally. Moreover, the use of coarse resolution datasets could 

possibly direct attention to regions where high resolution datasets are required (Wessels et 

al., 2004). 

 

3.2 Medium resolution sensors 

Medium resolution datasets provide multispectral surface information on a regional scale and 

can be used for a range of applications. For instance, these satellite datasets have been used 

particularly for change detection, due to their availability for approximately three decades 

(Kuenzer et al., 2011). Literature shows that medium resolution data-sets, such as Landsat TM 

and ETM, Systeme Pour l’Observation de la Terre (SPOT) and Advanced Spaceborne Thermal 

Emission and Reflection Radiometer (ASTER) have been used in soil erosion assessment and 

monitoring in the Sub-Saharan Africa region. Fadul et al. (1999) successfully utilised Landsat 

TM for mapping gully erosion across different land uses, topography and drainage patterns 

along the Atbara River in Sudan. In their study in the Monduli District, northern Tanzania, 

Kiunsi and Meadows (2006) indicated that the use of Landsat TM datasets allows soil erosion 

detection and mapping at a cheaper cost than other satellite datasets (e.g. SPOT 5) and at larger 

scale. However, other studies, such as that of Le Roux and Sumner (2012), who mapped gully 

erosion for a catchment located in the Eastern Cape Province, South Africa, using SPOT 5 

satellite data, indicated that panchromatic bands of SPOT 5 have the capability of detecting and 

mapping gullies at catchment scale with higher accuracy. The advantage of using Landsat 

datasets for soil erosion detection and mapping in sub-Saharan Africa, however, is the ability to 
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acquire these datasets at a cheaper or no cost, particularly in resource-scarce regions. Moreover, 

Landsat imagery was launched in the 1970s allowing soil erosion mapping over a long period of 

time which enables change detection of soil erosion development (Taruvinga, 2009). Hence, 

these datasets have been predominantly used across sub-Saharan Africa, for soil erosion studies 

(e.g. Fadul et al., 1999, Kiunsi and Meadows, 2006, Taruvinga, 2009, Vrieling et al., 2006). 

 

3.3 High resolution sensors 

Literature shows that high resolution datasets, such as QuikBird and IKONOS are available for 

soil erosion detection and monitoring. In addition to their ability to identify individual gullies, 

these datasets can provide subtle information on smaller erosion features, such as rills as well as 

signs of overland flow (Vrieling et al., 2008). Since, it is not yet possible to automatically 

retrieve individual erosion features, due to high spectral heterogeneity within a feature 

class, as well as the environment in general (Le Roux et al., 2007), high accuracy is 

attained through manual digitising. However, manual digitising is subjective particularly 

during on-screen interpretations, it is laborious and time consuming which makes the 

repetition of such a study cumbersome. Furthermore, the fine spatial images are expensive 

for soil erosion detection at large scale (Mararakanye and Nethengwe, 2012). Similarly, 

Vrieling et al. (2008), also stated that these datasets are very expensive to acquire, 

particularly for mapping gullies in large areas. Hence, high resolution datasets may not be 

affordable for developing countries, such as those in the sub-Sahara Africa, and their use for 

identifying erosion features has not yet been reported in the literature (Le Roux et al., 

2007). 
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3.4. Digital elevation models 

The use of ancillary data or satellite derivatives, such as digital elevation models has been 

shown to improve soil erosion assessment and monitoring. DEM are frequently being used 

in conjunction with geographic information system (GIS) tools for determining topographic 

variables in soil erosion studies in sub-Saharan Africa. For example, Mati et al. (2000) 

assessed soil erosion hazard in the Upper Ewaso Ng’iro North basin of Kenya based on 

Universal Soil Loss Equation and DEM data to topographic factor (LS). Similarly, Daba et al. 

(2003) successfully predicted hillslope areas that were vulnerable to gully erosion in 

eastern Ethiopia based on the topographic variables (contributing area and slope) derived 

from a DEM. Several satellite datasets are available for extraction of DEMs and these include 

the stereo optical imagery provided by ASTER and SPOT (Toutin and Gray, 2000). DEM 

provided by the ASTER Shuttle Radar Topography Mission (SRTM) are however, the mostly 

widely used DEMs. This is due to their high spatial resolution, as well as their free availability 

at limited costs (Toutin and Cheng, 2002) especially to resource scarce regions, such as the 

sub-Saharan Africa. For instance, Seutloali et al. (2016) used Advanced Spaceborne 

Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model 

(GDEM) to extract the hillslope gradient for determining the conditions for soil erosion 

development along major roads in the South eastern region of South Africa. They stressed 

the importance of these datasets in erosion studies, particularly in Africa where field 

methods are expensive. 

 

4. Capabilities and limitations of sensors currently utilised in mapping soil 

erosion 

There has been considerable progress in the application of remote sensing techniques in soil 

erosion research. Remote sensing techniques could play a vital role in detecting and 

mapping areas that have been affected by different forms and intensities of soil erosion. 

Hence, the use of remote sensing to detect and map soil erosion across sub-Saharan Africa 

has gained attention in the last decade. While several studies have successfully utilised 

remote sensed data in soil erosion research, there are still challenges that still need to be 

addressed. For instance soil erosion mapping has primarily been based on the use of 

vegetation indices derived from satellite imagery (e.g. Le Roux et al., 2008; Taruvinga, 

2009; Sun et al., 2014). The heterogeneity of erosion features, such as gullies, however, 

deems vegetation indices inappropriate for mapping gully erosion. 

 

A few satellite datasets can be applied for direct soil erosion detection and monitoring. For 

instance, there has been advances in developed regions for a direct soil erosion assessment 

using high resolution datasets. However, the sub-Saharan regions still face challenges in 

acquiring such datasets. Higher costs associated with high resolution datasets have limited 

their use in soil erosion assessment in the sub-Saharan Africa. For example, high resolution 

datasets, such as IKONOS and Quickbird are expensive and not readily accessible (Vrieling et 

al., 2008) and this is a challenge in resource-scarce  regions.  There is, therefore, a handful 

of studies that have used these datasets in the African context. In addition, it has been 

indicated by (Le Roux et al., 2007) that their use in soil erosion research has not yet been 

http://repository.uwc.ac.za



10 
 

reported in the literature. Moreover, where fine spatial resolution data are utilised, their 

applications are limited by their associated costs to small/local scales (Bouaziz et al., 

2009). This becomes a challenge, particularly in the sub-Saharan Africa context, where soil 

erosion information covering large spatial scales is urgently required for soil conservation, 

planning and land rehabilitation programmes. 

 

The Newly launched Sentinel 2 multispectral imager (MSI) could therefore be another 

alternative for the above mentioned fine spatial resolution sensors. Sentinel-2 MSI covers 

the red-edge spectral region and a relatively finer spatial resolutions ( i.e. 10, 20 and 60 m), 

which could be critical in detecting soil erosion activities directly and indirectly through 

vegetation cover and other proxies. Furthermore, Sentinel –MSI is freely available for 

applications such as assessing and monitoring soil erosion activities. This dataset has been 

successfully applied in vegetation related studies. For a example, the study by Sibanda et 

al. (2015) demonstrated that the Sentinel 2 MSI data is more robust in estimating grass 

biomass when compared to traditional multispectral data such as Landsat series data. These 

sample studies therefore provide an insight into the prospects of erosion modelling and 

mapping, using the newly launched, cheap and readily available multispectral data. 

 

Most studies that have been conducted to assess soil erosion in the sub-Saharan Africa have 

been based on medium resolution imagery, such as Landsat and ASTER (e.g. Bouaziz et al., 

2009; Haj Tahir et al., 2010; Igbokwe et al., 2008; Taruvinga, 2009; Vrieling et al., 2006). 

Literature has already indicated that these medium resolution datasets have the greatest 

potential for detecting and mapping soil erosion in the sub-Saharan Africa (Taruvinga, 2009), 

due to their affordability and the associated global-foot print. Landsat series data offers 

spatial data with a global foot-print dating back to the several years, it has a swath width of 

185 km suitable for regional to landscape scale erosion mapping applications. 

Furthermore, the newly launched Landsat 8 operational land imager (OLI) offers even 

improved remotely sensed data characterised by high signal-to-noise ratios associated with 

its push broom scanner technology (Dube and Mutanga, 2015). 

 

Above all, Landsat data is freely available for utilisation in applications such estimating soil 

erosion activities, which commonly occurs at a regional scale. Moreover, although 

characterised by moderate spatial resolutions, these datasets have satisfactory spectral 

resolutions. Consequently, these dataset are often used in combination with higher spatial 

resolution, such as SPOT 5 to provide high accuracies in estimating erosion activities at 

larger scales (Taruvinga, 2009). Remote sensing technology has therefore remained useful 

in the sub-Saharan Africa, particularly for regional evaluation, and hence serve as a 

significant basis for detecting areas where soil conservation and rehabilitation should focus 

on. 

 

5. Implications of mapping soil erosion on biodiversity and future food security 

Literature indicates that about 10 million hectares of cropland is lost though soil erosion 

annually thereby drastically reducing the croplands that are critical for food production 

(Pimentel, 2006). Furthermore, the World Health Organization reported that above 3.7 
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billion people are malnourished in the world partly due to soil erosion of arable croplands and 

climate change related issues. Subsequently, up to-date spatially explicit information on the 

magnitude and extent of soil erosion is urgently required and it is critical for site-specific 

soil conservation planning and land rehabilitation programme (Aydda et al., 2014; Baban 

and Yusof, 2001; Lo Curzio and Magliulo, 2010). The lack of spatially explicit information 

on arable land soil erosion and malnourishment are more pronounced in regions such as the 

sub-Saharan Africa, where livelihoods depend on soil quality for agricultural production. 

Moreover, the loss of soils from arable land areas is 10–40 times faster than the rate of soil 

renewal endangering future human food security and environmental resources (Pimentel, 

2006). In that regard, spatial data is urgently required for supporting policy development 

and action for future food security as well as biodiversity conservation. Although improved 

spectral, spatial and temporal resolution data is not readily available in the sub-Saharan 

Africa, the recent developments in the use of these high resolution datasets could provide 

significant potential for effective soil erosion detection and mapping that could assist in 

ensuring food security. 

 

6. Conclusions 

This study sought to assess the status of remote sensing applications in soil erosion 

assessment and monitoring in sub-Saharan Africa. Literature indicates that soil erosion in 

the sub-Saharan Africa has resulted in a decline in the soil's functional capacity, which has 

cascaded to food production and insecurity regionally. Based on the findings of this review 

we conclude that: 

 

 remote sensing is an ideal method for a timely investigation of soil erosion over large 

areas where intensive field techniques continue to be a challenge. 

 traditional methods are not suitable for detecting and mapping soil erosion at larger 

spatial scales, due to limited resources, such as finances, skilled personnel and time 

medium resolution satellite data are the most utilised in detecting and mapping soil erosion 

in the sub-Saharan Africa environments. 

 Although high resolution datasets provide higher accuracies and are more reliable and 

robust for soil erosion assessment, they are still not operational in the sub-Saharan Africa 

environment, owing to the high acquisition cost. Due to financial constraints, in most of 

the countries in sub-Saharan Africa, medium resolution datasets are the only significant 

source of spatial information suitable for soil erosion assessment. 

 

There is, therefore, a need for more information on the spatial distribution, the magnitude, 

as well as intensity of soil erosion in sub-Saharan Africa for proper soil conservation and 

rehabilitation practices. In addition, there is a need for more robust methods that can be used 

to assess soil erosion at larger spatial scales in a timely manner and at a lower or no cost. 

It is therefore necessary for future studies to investigate the applicability of these datasets 

in detecting and mapping the intensity and magnitude of soil erosion, particularly at 

regional scales. Future studies need to evaluate the integration of high spatial resolution 

datasets with moderate to coarse resolutions, in oder to improve the accuracy of 

estimating and mapping the extent and occurrence of soil erosion. The utility of the newly 
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launched and the forthcoming sensors that are going to offer spatial data with limited 

costs and at high spectral resolutions, such as the HyspIRI and Hymapper have to be 

evaluated in mapping erosion activities in future. 
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