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ABSTRACT: The detection and monitoring of changes is in many environmental studies a very important 
task. Especially the change in land-use and vegetation pattern are of major interest for e.g. landscape panning 
or climatologic studies. LANDSAT data as available since 1972 are for environmental studies in combination
with recent data from the same satellite program excellent for analysing environmental changes. In this case
study the change in vegetation in a river catchment at the southern slopes of the High Atlas mountains in Mo-
rocco is investigated. LANDSAT images from 1974, 1987 and 1999 are used in this study to monitor the
vegetation changes in the river oasis of the Drâa valley. The traditional land use in a Palmerai is that below 
the huge palm trees of Phoenix dactylifera fruit trees and vegetables are planted by the use of irrigation water, 
if possible. Beside other factors led population growth recently to the construction of wells in the former No-
mad pastureland areas for agricultural settlements.  

The LANDSAT sensors changed their characteristics from the MultiSpectral Scanner to the Thematic
Mapper. To overcome the problem that the data from the different sensors are not directly comparable a linear
spectral unmixing approach was chosen. Within this approach four endmember spectra in each image were 
identified to describe the surface. The vegetation abundance information of each pixel was used to identify the
areas of agricultural activity. Pixels with a vegetation abundance threshold of more than 30% were classified
as Palmerai/agriculture. Additionally the abundance information is used to visualize the change in vegetation
density.

The applied method is independent of (inter-scene) radiometric normalisation. The class vegetation corre-
sponds well with ground truth data and visual inspection of the images. The abundance values can be inter-
preted as intensity values. Interpretations of this method show, that the drought during the early 1980’s lead to 
a reduced plant vitality as less irrigation water was available. In 1974 16.7 % of the observed area was cov-
ered with Palmerai/agriculture, in 1987 it was 11.6 % and in 1999 after two successful agricultural years 18.8
%. During the drought only in areas with deep wells and motor pumps production was possible. 

1 INTRODUCTION

LANDSAT represents a very successful satellite re-
mote sensing program as being in operation for more 
than 3 decades by now. The multispectral data ob-
tained represent a dataset very useful for monitoring 
land-cover, land-use and their changes. As starting 
with the MultiSpectral Scanner (MSS) data were re-
corded in 4 spectral bands with a spatial pixel resolu-
tion of 79m x 56m. From 1984 on the Thematic 
Mapper (TM) sensor took images in 7 spectral bands 
with a spatial resolution of 28.5 m

2
 (Richards, 1999). 

The characteristics for the multispectral bands of the 
Enhanced Thematic Mapper (ETM), as operating 
since 1999, are the same as for TM.

In order to compare ETM and TM data relative 
radiometric normalisation techniques are an effec-
tive method (e.g. Schott et al., 1988). The case of 
MSS to TM/ETM comparison results by the change 
of the spectral characteristics in difficulties. The 
spectral bands and thus also the ratios of the bands 
or common indices like the Normalized Differenced 
Vegetation Index (NDVI) are not direct comparable. 
Solutions to these problems are usually atmospheric 
corrections and post classification change detection 
methods (Singh, 1989). Often information about his-
toric atmospheric conditions and about land use at 
the time of the image acquisition is hard or even im-
possible to obtain. 
In order to overcome these problems a method is 
proposed that uses a Linear Spectral Unmixing 
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(LSU) approach by categorising the surface in tem-
porally invariant features as image derived end-
member spectra.  

The theory of LSU explains that in most of the 
cases within the satellite’s Instantaneous Field Of 
View (IFOV) is a mixture of “pure” spectra. These 
spectra compose together the spectrum which is re-
corded from the sensor (figure 1). The pure spectra 
are called endmembers (Adams et al., 1995, Roberts 
et al., 1998).

Figure 1. Satellite IFOV as a composition of different end-
members 

LSU assumes that the scattering at the surface 
components is linear, otherwise a non-linear unmix-
ing would be necessary (Roberts et al. 1998). A 
mixed spectrum P of a pixel is thus modelled by the 
sum of the fractions f of the n endmembers E in the 
IFOV:
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were  represents the wavelength and  the residual 
term. Thus can for a given set of endmembers their 
fractions within a pixel be modelled. The model fit 
is expressed either as error in the fractions f or at
each wavelength or across all bands (Roberts et al. 
1998):
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were m is the number of bands. In this approach is 
an analysis based on four image derived endmem-
bers applied. 

2 SITE DESCRIPTION 

The catchment of the river Drâa as one test area of 
the IMPETUS project (Thamm et al, 2000) is lo-
cated in the arid environment on the southern slopes 
of the High Atlas mountains in Morocco (figure 1). 

Figure 2: NOAA-16 image of Morocco (23.03.2001), R/G/B 
colour composite channels 1/2/3 - with a superpositioning of 
the Drâa catchment 

The hydrological system of the river Drâa oasis at 
the fringes of the desert Sahara depends to a high ex-
tent on water runoff from the High Atlas mountain 
chain as well as on the highly variable local precipi-
tation (figure 3). 

Figure 3: Average annual precipitation (Station Ouarzazate)

Agricultural production in this arid environment 
with an average precipitation of 70 mm/a and poten-
tial evaporation of 2000 mm/a is to high degree de-
pendent on the availability of freshwater. The classi-
cal production methods in the areas of the river 
oasis, a Palmerai, include the use of different agri-
cultural levels (Müller-Hohenstein, 1997): the Palm 
trees (Phoenix dactylifera) protect the lower vegeta-
tion, fruit trees and wheat or vegetables from the di-
rect sunbeams, reducing the evaporation (photo 1). 
Water is taken from either the river as distributed 
with a complicated system of irrigation water chan-
nels or from the groundwater with wells and pumps 
(Müller-Hohenstein, 1997). 
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Photo 1: Palmerai in the Drâa valley (Foto: M. Schmidt, 2001) 

3 METHODS AND DATA 

The three images were chosen from a similar time of 
the year to have similar vegetation growth states and 
illumination conditions. Data spanning over three 
decades of the LANDSAT program, MSS1, TM5 
and ETM+ were registered to the best available to-
pographic map of the area on scale 1:100.000. The 
LANDSAT MSS image was resampled to the same 
spatial resolution of 28.5 meters as TM and ETM+ 
data. The three scenes were registered with an RMS 
error of each less than 0.5 pixels. Ground truth data 
as located with a Garmin 3+ GPS served for training 
and validation points.

In order to monitor the changes in land-use/land-
cover in first instance a post classification approach 
was chosen. A linear spectral unmixing classifica-
tion was applied to the three images by the use of 4 
image-derived endmember spectra (Hill, 1998; Rob-
erts et al., 1998). The spectra were chosen to repre-
sent the surface characteristics such, that every pixel 
is represented as a linear combination of those spec-
tra; the endmembers are in this case more proxies to 
describe the ground variability, therefore that 4 spec-
tra are in this region inadequate to describe the full 
variability of materials on the surface (Adams et al., 
1995). Features were selected that could well be 
identified in all the images: rocks, (salt-) clay, 
fixed/mobile sand and vegetation (figure 5). The 
endmember ‘vegetation’ was taken from parts of 
dense vegetated Palmerai’s with high NDVI values 
(photo 1) in each image. The variations of the other 
three endmembers was assumed to be low in time 
and were once chosen taken from the same location 
in the other images. Figure 4 shows the spectra of 
the 4 image derived endmembers of the LANDSAT 
TM scene. 

Figure 5: Endmember spectra of the LANDSAT TM scene  

The LSU was performed within the software 
ENVI with the ‘sum to unity constraint’, which 
means that the endmember fractions of each pixel 
sum to 1. The process of the LSU creates for each 
endmember a so called abundance channel (e.g. Hill,  
1999) containing the endmember fraction. 

The class Palmerai/agriculture was derived by 
thresholding the vegetation abundance channel with 
the same threshold in every image. Pixels with more 
than 30 % of vegetation abundance were classified 
as Palmerai/agricultural areas (figure 6).  

Additionally the abundance information was used 
as density information of the class to describe the 
inner-class changes. 

Figure 4:  
a) 25.01.1974 – LANDSAT 
MSS R/G/B – channel 4/2/1 
colour composite,  
b) 09.02.1987 – LANDSAT 
TM5 R/G/B – channel 4/3/2 
colour composite 
c) 19.12.1999 – LANDSAT 
ETM R/G/B – channel 4/3/2 
colour composite  
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4 RESULTS 

For the class Palmerai/agriculture were several pix-
els identified in advance in order to compile the end-
member spectrum for the LSU and additionally ref-
erence pixel for class validation. The validation 
results are shown in table 1. 

Table 1: Classification accuracies for the class Palmerai / agri-
culture 

In 1974 16.7 % of the observed area was covered 
with Palmerai/agriculture, in 1987 11.6 % and in 
1999 after two successful agricultural years 18.8 % 
(figure 6). During the drought in the 80ies (figure 3) 
only in areas with deep wells and motor pumps pro-
duction was possible (Abellaoi, pers. comm.). 

Extensions of the traditional Palmerais started as 
working emigrants returned from Europe with 
enough money for motor pumps and wells (area in 
figure 6 b),c). In the early 1970’s began a sedenti-
sarisation process of nomads due to population 
growth and social changes (Ait Hamza, 1997). For-

mer pastureland became farm land, e.g. marked area 
in figure 6b. Especially in this area appear in 1987 
many new farms. Figure 6c displays a negative trend 
in the same region compared to 1999. This is, as dis-
cussions with local authorities revealed, the result of 
the lowering ground-water level mainly due to inten-
sive irrigation by the use of motor-pumps. Hence 
many farms had to be given up again after a couple 
of years.

For more detailed interpretations were the abun-
dance values of the class Palmerai/agriculture used 
to indicate the intensity or density of the class and 
thus the production. Figure 7a shows some represen-
tative abundance values for parts of a dense 
Palmerai where the vegetation density was always 
high through the 3 time steps, but where also a de-
pression in 1987 is visible. Figure 7b shows some 
abundance values of the indicated area in figure 6b, 
where the above mentioned processes can be shown: 
recently founded farms usually work with motor 
pumps on former pastureland, were no big Palm 
trees exist. The irrigation results often in salinisation 
effects and after a couple of years this leads to an 
additional effect in areas of bad drainage to the 
negative change comparing 1987 to 1999. 

Figure 7. Representative vegetation abundance values of the 3 
time steps of investigation a) for the region marked in figure 
6a, b) for the region marked in figure 6b, c) for the region 
marked in figure 6c 

image 1999 1987 1974

overall acurracy [%] 99.2 100 100

Nr. of training pixel 111 39 74

Nr. of reference pixel 152 71 412

Figure 6: Binary classifica-
tion of three LANDSAT 
sensors 

a) 25.01.1974 – 
LANDSAT MSS 

b) 09.02.1987 – 
LANDSAT TM5  

c) 19.12.1999 – 
LANDSAT  

1972  1987   1999

1972  1987   1999

1972  1987   1999
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The corresponding abundances to the area marked in 
figure 6c are displayed in figure 7c, where in 1972 
no vegetation existed and during the following 3 
decades a large area of irrigation extension was cre-
ated (photo 2). 

Photo 2: Irrigation area (figure 6c, 7c) near the town of Zagora 
(Photo: M. Schmidt, 2000 – view: NE) 

5 CONCLUSION AND DISCUSSION 

The applied change detection method is independent 
of inter-scene radiometric normalisation and abso-
lute calibration. The class Palmerai/agriculture cor-
responds well with ground truth data, visual inter-
pretation and discussions with local authorities. The 
classification accuracies for this class are very high 
as shown in table 1. So, results of the applied 
method are promising. The conditions of this arid 
region are suitable for this approach due to the clear 
separability of the class Palmerai/agriculture and the 
other surface components as expressed with the 4 
endmembers. This rather simple endmember model 
was not expected to fit for all surface components, 
but it fits well for the vegetated areas. 

It could be stated that this analysis of LANDSAT 
data, recorded by the three different sensors MSS, 
TM and ETM, is suitable to describe changes in the 
land-cover/land-use pattern during three decades. 
Additional data e.g. changes in the groundwater ta-
ble or the surface salinity would be very useful to 
further explain, verify and model changes in this en-
vironment. 

The method will be further investigated to quan-
tify the magnitude of changes within the class 
Palmerai/agriculture area and in order to extent the 
region of investigation to a larger scale. 
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