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ABSTRACT 
Soil degradation implies a decline in the capacity of the soil to perform environmental regulatory 
functions and yield agricultural goods. Soils are affected by regressive and/or degradative evolu-
tion processes as a result of natural causes as well as anthropogenic influences in semi-arid re-
gions such as Central Spain. The main aim of this work is to evaluate the capacity of hyperspectral 
HyMap data to identify soil degradation stages applying field and imaging spectroscopy data from 
selected test plots with soils under semi-arid conditions applying a GIS support. This work has in-
cluded data from hyperspectral airborne data, field spectrometry, soil analyses, cartographic and 
ancillary data. The methodology adopted in this work was to determine degradation stages by 
identifying selected soil types as endmembers from HyMap data. Spectral field data together with 
soil analyses was used to identify and verify the endmembers. The Spectral Angle Mapper proce-
dure was used to determine the distribution of the selected soils within the hyperspectral data.  
A GIS analyses was implemented to derive terrain properties related to soil degradation stages. 
The spatial distributions of the individual soil surface conditions were verified according to field and 
cartographic surveys. Results have shown that the spectral variations of the soil surface features 
were satisfactorily related to differences in the spectral characteristics that were influenced by the 
mineralogical composition as well as physical and chemical soil properties. The identification and 
spatial distribution of semi-arid soils within the study area was successfully carried out with the 
HyMap data. The further incorporation of soil and landscape characteristics permitted to differenti-
ate soil degradation stages. 

INTRODUCTION 
Agricultural pressure is the driving force responsible for an intense land use causing severe soil 
degradation within semi-arid Mediterranean environments. Soil degradation leads to the loss of 
actual or potential productivity and utility. This implies a decline in the capacity of the soil to per-
form environmental regulatory functions and yield agricultural goods (i). A timely identification of 
soil degradation forms an important basis for sustainable land use and land conservation. The ef-
fects of an irregular precipitation regime, the reduction of an extensive vegetation cover, as well as 
the changes in land use have caused major damage to the ecosystems of semi-arid Mediterranean 
environments, such as Central Spain in the Southeast of the Autonomous Community of Madrid. 
Remote sensing applications have proven to be an important approach to identify soil degradation 
features (ii, iii, iv, v). 

Soils affected by regressive or degradative evolution processes, mainly Regosols, Cambisols and 
Luvisols are very sensitive to soil degradation processes. As a result of truncation, these soils ex-
pose the underlying materials of soil horizons (cambic, argillic) or soil layers (gypsum, marls) at the 
surface and form a land cover mosaic of significant characteristics related to soil materials. In this 
work, these soil surface materials are related to the sensitivity of soil degradation processes (ero-
sion) and are referred to as soil degradation stages. The soil degradation stages, as a result of 
regressive or degradative soil evolution processes, can often be recognised through typical soil 
composition and colour changes, which are due to anthropogenic or natural removal of the top soil 
by erosion processes (iv). The objective of this work is to evaluate the capacity of hyperspectral 
HyMap data to identify and to determine the spatial distribution of soil degradation stages applying 
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field and imaging spectroscopy data from selected test plots of soils under semi-arid conditions 
and with a GIS support. 

The study area (Figure 1) is located in the centre of Spain in the Southeast of the Autonomous 
Community of Madrid bordering with the Autonomous Community of Castilla La Mancha. This area 
is in a region, which has a Mediterranean semi-arid climate with a mean annual temperature of 
13.8º, an annual precipitation 454 mm and a potential evaporation of 767 mm according to the me-
teorological station at Ocaña in the province of Toledo (vi). The topography is ondulating with agri-
cultural influenced plateau areas, known as paramo, with a maximum height of 780 m above sea 
level (asl) and divided by the Tajo river basin which lies at 520 m asl with steep escarpments. The 
lithology is mainly composed of Quaternary and Tertiary sediments with marls, gypsum and clay. 
The main soil types found within the area are Regosol, Cambisol, Luvisol and Calcisol (vii) with a 
frequent surface exposure of underlying horizons (argic, cambic, calcic, petrocalcic, gypsic or salic) 
or rocks (limestone, marls or gypsum). These characteristics determine an increase of clay, iron 
oxides, carbonates, gypsum or soluble salt content; and a decrease of the organic matter content 
on the soil surface. There is a scarce natural vegetation cover consisting of calcicole and gyp-
sophile flora. The land use is mainly vineyards, olive groves and pastureland. The area within the 
Tajo river basin is almost entirely taken up by irrigated cultivation and within the last few years the 
irrigation has expanded to the neighbouring more elevated areas. 

 
Figure 1. Study area represented by a digital terrain model and HyMap flight lines A and B (false 
colour composition RGB of bands at 2.082, 0.895 and 0.462 μm) and two corresponding topog-
raphic profiles taken along the flight lines. 
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METHODS 
Data was acquired from various sources at different spatial scales. This included high definition 
spectral data obtained with a field spectroradiometer ASD FieldSpec Pro VNIR-SWIR. A field cam-
paign was carried out during the final week of June 2003, where georeferenced spectral data was 
obtained for selected surface cover types (soil, vegetation and rock outcrops) and within test plots 
representing a specific soil type. Furthermore, surface cover samples (soil and vegetation) were 
taken at the corresponding point after a spectral measurement was completed. The spectral infor-
mation was complimented with field observation, physical, chemical and mineralogical characteri-
sation of the soil surface samples and the classification of the soils and vegetation. Hyperspectral 
data was acquired with a flight campaign, which was jointly organised by the German Aerospace 
Centre (DLR) and HYVISTA Corporation, within the HyEurope programme in 2003. Data was ob-
tained with the HyMap airborne hyperspectral sensor covering an area of 110 Km2 with two flight 
lines (A and B) with a spatial resolution of 7 m on the 12 July 2003. The pre-processing of the data 
included system, geometric and atmospheric corrections and was carried out by the HyVista Cor-
poration. A further fine geometric calibration was carried out using 20 ground control points and 
obtaining an RMS error of 7 and 10 pixels for flight lines A and B, respectively. An acceptable 
geometric correction has so far been difficult to achieve, as the original data was delivered with a 
significant spatial distortion. Digital cartographic data was implemented in the form of topographic 
maps at a scale of 1:25 000 (viii). Further ancillary data was used and included geology, vegeta-
tion, soil, land use and erosion maps, meterological data and bibliographical references. 

A methodological procedure (Figure 2), divided in separate parts (I, II and III) was implemented to 
determine the capacity of the HyMap data for the classification of soil degradation stages. 

 
Figure 2. Methodology implemented for determining soil degradation stages. 

In part I, field data was obtained with the field spectrometer representing spectral properties of 
selected surface covers. These surface covers were characterised by soil studies and analyses 
and the determination of the vegetation. A spectral library was created containing the different field 
data and creating key reference spectra for the further verification and identification of results ob-
tained in the work. 

Part II was the implementation of the HyMap data flight lines A and B. These flight lines were proc-
essed separately to obtain image-derived endmembers applying the ENVI image-processing pro-
gram (ix). A Minimum Noise Fraction (MNF) procedure (x) was used to reduce interband correla-
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tion and data redundancy, and the inherent dimensionality of the data was determined with the 
normalised eigenvalues whose magnitude exceeded 1. The selected number of MNF components 
(17 and 18 components for flight line A and B, respectively) were input to the Pixel Purity Index 
(PPI) procedure (xi) to select the most pure pixels. The MNF and PPI results were projected in an 
n-dimensional visualizer (xii) to determine the image-derived endmembers. The identification and 
labelling of the endmembers was carried out comparing key field spectra from the spectral library 
and verifying the location in the field. 

In part III, the selected image-derived endmembers corresponding to soil surface covers with soil 
degradation stages were introduced into the Spectral Angle Mapper (SAM) (xiii). The threshold 
was based on field knowledge and the spectral library database. The application of cartographic 
and ancillary data was introduced to further determine the distribution of the degradation stations. 
The topographic contour lines were spearated from the cartographic vector data using a GIS (xiv). 
An interpolation between the contour lines was carried out to create a Digital Terrain Model (DTM) 
using the Surface tool of the ERDAS IMAGINE program (xv) with a cell size corresponding to the 
spatial resolution of the HyMap data with 7 m. The slope was determined with the Slope function of 
ArcGis (xiv) creating an output slope raster as percent of slope. The corresponding slope classes 
are applied to further differentiate the degradation stages described below. 

The assessment of the degradation stages (Table 1) for selected soil types were considered using 
additional field and laboratory data as well as the determination of the Soil Survey erosion classes 
and USLE erosion type (xvi). A slope class of < 16% and ≥ 16% was considered as a first ap-
proximation in order to differentiate two soil degradation classes for each soil type. 

Table 1: Determination of soil degradation stages. 

Soil type 
Parent 
material 

Land use Soil Survey ero-
sion classes 

USLE erosion 
type Slope 

Soil degradation 
stages 

< 16% Medium Calcaric 
Cambisol ≥ 16% High 

< 16% Medium Rhodic 
Luvisol 

Limestone 
(paramo) 

Cereal/ 
fallow 

Class 3 Moderate (2) 

≥ 16% High 

< 16% High Calcaric 
Regosol 

Marls Strong (3) 
≥ 16% Very high 

< 16% High Gypsiric 
Regosol 

Marls and 
gypsum 

Sparse 
or no 
vegetation 

Class 4 

Very strong (4) 
≥ 16% Very high 

The Calcaric Cambisol and the Rhodic Luvisol are well-developed soils, mainly to be encountered 
within the paramo area with a limestone lithology. The Calcaric and Gypsiric Regosol are poorly 
developed soils, which are closely related to the lithology and found on slopes within the river ba-
sin. 
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RESULTS 
The soil degradation stages are separated according to the selected soil types and their corre-
sponding characteristics. The spectral characteristics are represented by endmembers of these 
different soil types obtained from the field spectroradiometer and the Hymap data (Figure 3). 

 
(a)      (b) 

 
(c)      (d) 

Figure 3. Spectral curves representing the field spectroradiometer (green), image-derived end-
member (red) and plot area (blue) for a) Calcaric Cambisol, (b) Rhodic Luvisol, (c) Calcaric Re-
gosol and (d) Gypsiric Regosol. 

The spectral curves represent the field spectroradiometer (green), the image-derived endmember 
(red) and the image plot area (blue). The image plot area is the mean value of a rectangle com-
prised of 16 pixels selected within the HyMap data corresponding to the area where the field spec-
tra were acquired. In all the cases, the corresponding spectral curves show a strong similarity for 
each soil type. Furthermore, the field spectral curve in each case is associated to the physical, 
chemical and mineralogical soil analyses shown below in Table 2. The mineralogical analyses are 
represented as abundance class (trace, common, abundant and very abundant) Spectral absorp-
tion characteristics are observed for the different soil types within 0.35 to 2.5 μm not including the 
regions affected by absorption in the atmosphere (1.34 to 1.47 μm, 1.78 to 1.97 μm and > 2.46 
μm). The Calcaric Cambisol (Figure 3a) shows absorption features of clay at 2.2 μm and calcite at 
2.34 μm. The analyses show that the sample has a sandy clay loam texture and a strong brown 
colour. The soil mineralogy indicates the common presence of calcite, feldspar, and clay minerals 
such as smectite, illite and kaolinite. The Rhodic Luvisol (Figure 3b) has a very significant absorp-
tion of iron oxide at 0.87 μm and clay minerals at 2.2 μm. These are well-developed ancient soils 
with a dark red colour and a clay loam texture. There is a common presence of clay minerals such 
as chlorite/vermiculite, smectite and illite. Furthermore, the common presence of hematite repre-
sents the reddish colour of iron oxide in the soil. The Calcaric Regosol (Figure 3c) shows absorp-
tion for clay minerals at 2.2 μm and calcite at 2.34 μm. This soil has a sandy clay texture and a 

147



© EARSeL and Warsaw University, Warsaw 2005. Proceedings of 4th EARSeL Workshop on Imaging Spectroscopy. New quality in environmental studies. 
Zagajewski B., Sobczak M., Wrzesień M., (eds)  

 

significant calcium carbonate content. This is further shown in the mineralogy by the abundant cal-
cite. There is also a common and abundant presence of secondary clay minerals. The Gypsiric 
Regosol (Figure 3d) has evident gypsum absorption values at 1.484, 1.530 and 1.746 μm. At 2.2 
μm both gypsum and clay mineral absorption features are present. The mineralogy indicates a very 
abundant presence of gypsum. The soil colour is white to light grey and has a sandy clay loam 
texture. 

Table 2. Soil analyses for the selected soil types. 

Parameter 
Calcaric 
Cambisol 

Rhodic 
Luvisol 

Calcaric 
Regosol 

Gypsiric 
Regosol 

Textura Sand clay loam Clay loam Sandy loam Sand clay loam 
Colour (Dry) 7.5YR4/6 2.5YR3/6 10YR5/2.5 10YR8/1 
Colour (Wet) 7.5YR4/33.5 2.5YR3/4 10YR4/3 10YR7/2 
Organic material (%) 2.0 1.5 1.8 1.3 
PH (1:2.5 H2O) 8.1 8.0 7.8 7.7 
EC (dSm-1) 0.2 0.2 2.1 2.1 
CaCO3 (%) 3.7 2.7 33.2 8.0 
CEC (%) 26.4 22.6 17.5 5.8 
Calcite + + ++ + 
Gypsum   + +++ 
Quartz ++ ++ + Tr. 
Feldspar + Tr. + Tr. 
Chlorite/Vermiculite  +  + 
Smectite + + + + 
Illite + + ++ Tr. 
Kaolinite + Tr. Tr.  
Phylosillicate ++ ++ ++ + 
Hematite Tr. +   

 Tr. - trace; + - common; ++ - abundant, +++ - very abundant 

The distributions of the of the different soil types and their corresponding degradation stages ob-
tained with the SAM are presented for the flight lines A and B (Figures 4 and 5). 

The total area occupied by the Calcaric Cambisol (Figure 4a) is 568.3 ha with 97.0% and 3.0% 
percent of the area with a slope of <16% and ≥ 16%, respectively. The Rhodic Luvisol (Figure 4ba) 
occupies a total area of 14.8 ha, where 91.9% is found on slopes of < 16% and 8.1% is on slopes 
≥ 16%. These soil types are mainly found in the agricultural influenced plateau areas and are 
classed with a medium or high degradation stage. The Calcaric Cambisol soil is also identified 
within the escarpment areas between the plateau and the Tajo river basin. This is expected, as the 
parent material consists of marl and contains an elevated content of calcium carbonate. 

The Calcaric Regosol (Figure 5a) occupies a total area of 256.5 ha with 92.8% on slopes < 16% 
and 7.2 on slopes ≥ 16%. The Gypsiric Regosol (Figure 5b) extends over an area of 458 ha with a 
73.6% and 26.4% of this area on slopes of < 16% and ≥ 16%, respectively. These soils are within 
the escarpment areas and are closely associated to the parent material of marls and gypsum. This 
material is easily weathered and sensitive to erosion. Therefore, these soils are considered with a 
degradation stage of high to very high. 
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(a)      (b) 

Figure 4. Spatial distribution of a) Calcaric Cambisol and b) Rhodic Luvisol. 

 

  
a)      b) 

Figure 5. Spatial distribution of a) Calcaric Regosol and b) Gypsiric Regosol. 
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CONCLUSIONS 
The image-derived endmembers obtained from the hyperspectral HyMap data and their compari-
son with the characteristics of field spectra permitted the identification of different soil types as re-
lated to specific mineralogical composition. 

The spatial distribution of soil types associated to soil degradation stages in semi-arid environ-
ments was obtained satisfactorily by implementing the endmembers into the SAM procedure. The 
soils identified as Calcaric Cambisols and Rhodic Luvisol within the agricultural influenced plateau 
area was determined with a medium to high degradation stage. The Calcaric and Gypsiric Regosol 
within ondulating and escarpment areas were assigned a high to very high degradation stage.  

A successful identification and extraction of image-derived endmembers from the hyperspectral 
HyMap data will form the basis to implement selected endmembers in multispectral Landsat and 
ASTER data in order to increase the spatial and temporal coverage for the study area. A further 
step will be the extrapolation of endmembers to areas in similar semi-arid conditions.  
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