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Abstract: Desertification is the reduction of ecologic and biologic on the earth surface, which might 
happen naturally or unnaturally (human). In this research, the TM and ETM+ images were used to study 
changes occurred in sand dunes during last 11 years and for determining the type of clay minerals. For 
evaluation of changes, maximum likelihood image classification and LMM, methods are carried out. 
According to results of change detection, area of active sand dunes has decreases from 9335 Hectare to 
7330 Hectare. For determination of mineral type and their distribution map, XRD method was used in 
conjunction with band rationing of 2/5 and 6/4. It shows that for determination of clay minerals, ratio 2/5 
and separation of Kaolinit from Illite, ratio 6/4 is very useful. Using desertification (ESAs methods) and 
Geographical Information System (GIS), desertification map of study area is prepared. For ESAs method 
four criteria; vegetation cover, soil, climate and management are used. Parameters for each criterion 
evaluated according to their effects on desertification process and a weight was given ranging from one to 
two. Weight one (1) is the best weight and weight 2 is the worst one. The results indicated that 56% of the 
area belongs to critical class of c2-type and 26% in c3-type of desertification class and the rest goes to other 
less affected category.
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INTRODUCTION

More than 1/3 of earth has arid regions and
desertification phenomenon has increased in last
decades.   According   to   evaluation   of  United 
Nation Conference of Desertification (UNCOD),
desertification phenomenon threats the future of 785 
million people who lived in arid areas which consists 
17.7 percent of world's population [1]. Desert and 
coastal dunes cover about 10% of the land area between 
latitudes 30°N and 30°S [2]. Iran is such a country that 
faces problems of desertification in some parts of its 
territory. The Khozestan province in the SW witnesses 
the sand dunes hazards. Its aerial coverage is 6.4 M.ha. 
out which about 1.27 M.ha., covered by active dunes
(Fig. 1). Because satellite images have update ability 
and register spectral reflections of earth materials, they 
contain valuable information for studying minerals in 
sands and appraisal of changes in a time span. Remote 
sensing has an important role in recognition and
showing earth coverings. Recognizing the kind of sand 
minerals helps more to acquaintance the source of
taking. The ETM+ images collection was used for
identifying morphology and the kind of minerals in east 

part of United Arab Emirates [3]. They concluded that 
ratioing 5/7 and 6/4 are very useful for determining 
areas with high mafic combination and Quartz and 
Carbonate combinations respectively. The spectral
characteristic of Illite for hydrothermal and sedimentary 
environments was determined to be 2.2 micron events
absorption in spectral limit [4].

Desertification is the consequence of important 
processes, which is active in arid and semi-arid
ecosystems, where water is the original limiting factor 
in execution of land application [5]. In fact,
desertification is the reduction of ecologic and biologic 
processes on the earth surface, which might happen 
naturally, or by man made activities. This process
influences arid and semi-arid and humid border areas 
[6]. Desertification is dependent on humidity in region. 
Its intensity in arid area accelerated and can create a 
hazardous environment [7]. For assessment of
desertification  processes  various  model have
proposed. Medallus is the latest model, which later in 
1999 named as environmentally sensitive areas (ESAs) 
by [8]. The use of MEDALUS model based on ESAs 
index [9] was carried out for determining the situation 
and  tendency  of  desert  in  Sicily,  Italy.  They  divide
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Fig. 1: Location of study area

relevant parameters into 4 classes that 3 parameters are
as natural interferences and forth parameter is result of 
human interferences. These four parameters are: soil, 
climate, vegetation cover and management acts.

Study area: The area pertains to 48°42? to 49°29?and
31°6? to 31°46? longitude and latitude respectively. It 
covers about 1363/4Km2 and is located in distance
30Km away from Ahvaz city, the capital of the
Khozestan province (Fig. 1). The land cover and land 
use consists of Zagros foothills in the north, scattered 
surface waters, sand dunes and agriculture lands.
Geologically, in the northern foothills the Aghajari
sandstone with its Lahbari member, Bakhtiyari
conglomerate and Quaternary formations crops out. The 
Aghajari sandstone contains various sedimentary,
igneous and metamorphic grains with carbonate
cementing materials [10]. The average elevation is
Between 13 to 153 msl. The dunes normally have
10Km length and 3 Km width. Average annual rainfall 
is 234.9 mm. 

MATERIALS AND METHOS

Two separate goals followed in this study. In first 
stage, remote sensing techniques and X-Ray diffraction 
(XRD) used in evaluation of surface changes,
determination the type of minerals and probable sands 
source. In next stage, area evaluated for sensitivity to

desertification by using desertification method (ESAs) 
and GIS tools (Fig. 2).

Satellite data and the software: Two images of
landsat satellite TM and ETM+ pertaining to 165-38
path and row acquired for a period of 11 years (1991-
2002). For processing the satellite data and other
needed information various software such as, ENVI4, 
ArcGIS9, etc. used. 

Image processing: The processing included several
manipulation techniques to provide the best results for 
visual interpretation and multispectral land
classification [11-15]. The image processing techniques 
used  in  this  study  are  image  enhancement, band 
ratio and spectral classification. These two images 
became geo-referenced geometrically by RMSE less 
than 0.17. Then image checked for assessing
atmosphere effects. There is less interest for using DN 
values of images in studies on spectral properties of 
earth surface coverings. Much attention is on using 
radiance and reflectance values which shows the
amount of reflected energy of substance and sensor
receiving [16-18]. Conversion of DN to reflectance
value has two stages: DN to radiance value and
radiance value to reflectance. 

Images classification: The supervised classification 
used  in the present study to assign an unknown pixel to 
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Fig. 2: Flowchart showing the steps of the study

Fig. 3: Classified land cover map (1991)

one of a number of classes in maximum likelihood 
decision rules [14, 15, 19].

The classified map consists of six classes of
agriculture land use, active sand dunes, bare lands, 
water   body,   stabilized   sand  dunes  and  pasture 
(Fig. 3 and 4). Table 1 shows measure of each
application, which occupied during two different years. 

Estimation of changes using LMM model: LMM
model is a simple and effective method for reviewing
land use changes of an area to others in different times. 
Here, the class code number assigned to each class in 

the classification stage used with following equation to 
estimate probable changes in each class [20].

1 2LMM CT *10 CT= +

Where, LMM: Land use Multiplication Matrix, CT1:
Classified image of first date, CT2: classified image of 
second date. 

The changes detected by LMM model was
determine for the study area in general and specific for 
sand dunes and its interchanging status with other 
classes (e.g. 2 to 5 or 5 to 2) (Table 2).
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Table 1: Relative land cover resulted from maximum likelihood classification

Class code Class of land use 1991(Ha) Area (percent) 2002(Ha) Area (percent)

1 Agriculture land 58299 42.70 65988 48.40
2 Active sand dunes 9335 6.85 7330 5.37
3 Bare land 20161 14.80 25502 18.70
4 Water body 7870 5.75 1125 0.83
5 Non active sand dunes 8034 5.90 8782 6.45
6 Pasture land 32644 24.00 27616 20.25
Total area 136340 100.00 136340 100.00

Table 2: Calculated aerial and percent of changes in dominate class.

Class Code No. Interchanging land use/land cover type Area of changes (ha) Percent of changes (%)

21 Active sand dune to agriculture 1426.80 1.05
25 Active sand dune to Stabilized sand dune 597.60 0.44
15 Agriculture to Stabilized sand dune 319.15 0.23
56 Stabilized sand dune to pasture land 243.10 0.18
32 Bare land to active sand dune 185.00 0.13
26 Active sand dune to pasture land 167.70 0.12
35 Bare land to Stabilized sand dune 59.90 0.044
45 Water body to Stabilized sand dune 11.70 0.008
24 Active sand dune to Water body 0.00 0.00

Fig. 4: Classified land cover map (2002)
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Fig. 5: Band rationing of ETM+ image (2/5)

Fig. 6: Band rationing of ETM+ image (6/4)
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Table 3: Percent of clay minerals in samples

%
-----------------------------------------------------------------

Sample No. Illite Montmorilonite Chlorite Kaolinit

SA-1 68.75 31.25 0.00 0.00
SA-4 67.39 32.61 0.00 0.00
SA-9 51.34 25.13 7.49 16.04
SA-11 44.63 29.22 13.92 12.22
SA-14 45.03 28.80 26.18 0.00
SA-17 34.07 31.97 33.96 0.00
SA-21 47.80 22.70 29.50 0.00
SA-22 42.10 24.60 15.80 17.50
SA-23 54.00 35.20 10.80 0.00
SA-5 43.43 28.60 12.61 15.36
SA-7 47.59 19.25 0.00 33.16
SA-15 66.13 33.87 0.00 0.00
Aghajari Fm 42.80 26.10 31.11 0.00

Mineralogy: For identification of minerals in sand
dunes, field sampling was carried out. The samples 
were treated and analyzed by x-ray diffraction (XRD) 
method [21] for clay minerals. Table 3 illustrates the 
percentage of different clay minerals.

Comparison of Table 3 data with that of
surrounding sedimentary rocks [10] and river’s sands 
shows two groups of sand soils. First, those with illite 
of over 50% that may have come from river sands and 
other with less than 50% illite and lesser amount of 
other minerals which may have its source in the
Aghajari sandstone. 

Band rationing: Use of TM/ ETM band ratioing
technique for mineral identification is widely accepted 
for regional studies [22, 23]. The gray-scale ratios 
images of bands 6/4 and 5/7 revealed the most
information for the mineralogy of sand dunes, also 
those ratios successfully for rock type identification of 
the Arabian-Nubian shield in an arid climate [22, 24]. 
The percentage of iron oxides in sand dunes may 
indicate their age, source materials and transport paths, 
as demonstrated for both desert dunes [25, 26] or
coastal dunes [27] in which the sand becomes more 
yellow or red with distance from the coastline.

For the present study, combine XRD result and 2/5 
and 6/4 ratio images used. It is seen that in 2/5 image 
the clay minerals exhibit darker tone (Fig. 5) whereas, 
the Kaolinit richer sands show lighter tone in ratio 
image 6/4 (Fig. 6). 

Desertification layer in GIS: In the absence of a
comprehensible desertification model to study the
desert in Iran, many models were tested and the

Medallus model was accepted to be in harmony with 
Iran’s environmental conditions. In this order [28] by 
using groundwater quality, land use and soil quality as 
three affective variables could prepare the
desertification sensitivity map of the Varamin plain,
east of Tehran, the capital of Iran. For the Kashan 
region of central Iran [29] seven variables used in 
Medallus model for conducting desertification
mapping. For his studies, groundwater, vegetation
cover, soil, water erosion, wind erosion, climate and 
management acts were utilized. Also [30] used ESAs 
method in reviewing desertification of desert areas in 
east of Ahvaz city, SW Iran and consider vegetation 
cover, climate, soil and management as four effectual 
GIS layer in the area.

In this study, ESAs method, used in terms of
desertification for determining the condition of the area. 
Here, special attention is paid to management priority. 
The index includes vegetation cover, climate, soil
quality and management. Each index layer has been 
prepared in GIS and given the weight between “1-2” on 
the basis of its role on desertification. As value 1 is the 
best and value 2 the worst weight. In this method, zero 
value has been given to areas like water pools, wetland 
and settlement areas. The following lines describe the 
needed layer prepared in GIS environment.

Vegetation index: The Vegetation Quality Index (VQI) 
with its four variables such as erosion protection, fire 
risk, plant cover and resistance to drought is calculated 
by the following formula.

VQI: (erosion protection*fire risk*plant cover* 
resistance to drought)1/4

Each of these variables was given a weight based 
on standard tables as proposed by [5]. For extraction of 
percentage of area’s plant covering, the NDVI was
applied on ETM satellite image. Finally, the Vegetation 
Quality Index map is prepared (Fig. 7). 

Soil index: Soil is an effectual factor in arid, semi-arid
and semi-humid arid ecosystems areas, specially, with 
its effect on biomass production [5]. The qualitative 
index of soil consists of parent materials, soil texture, 
soil depth, slope, rock fragment and drainage
conditions. Weight of soil qualitative index computes 
by using formula:

SQI: (parent material*texture*depth*rock fragment* 
slope*drainage)1/4

The prepared map of soil qualitative index shows 
two qualitative classes of low to moderate (Fig. 8).
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Fig. 7: Map of vegetation quality

Fig. 8: Map of soil quality
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Fig. 9: Map of climate quality

Fig. 10: Map of management quality
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Fig. 11: Desertification map of the study area 

Table 4: Frequency distribution of decertification conditions in study 
area (ESAs Table)

Range of Area Percent
Class type Subtype ESA index (ha) of area

Non Classified N.C - 14023 10.3
Not Affected N.A <1.17 0 0.0
Potential P 1.17-1.22 0 0.0
Fragile F1 1.23-1.26 0 0.0
Fragile F2 1.27-1.32 0 0.0
Fragile F3 1.33-1.37 2217.8 1.7
Critical C1 1.38-1.41 7414 5.5
Critical C2 1.42-1.53 77272 56.5
Critical C3 >1.53 35315 26.0

Climate index: The climate index (Fig. 9) was
calculated using rainfall, aridity and aspect variables by 
the following formula:

CQI = (rainfall * aridity * aspect)1/3

The Fig. 8 exhibits two climatic classes of high and 
very high in terms of effectiveness. 

Management index: The management index used for 
this study was based on some of the management 

activities such as fixation by mulch etc. (Fig. 10). This 
figure shows different regions with varying degrees of 
management activities.

Desertification map: After preparing index map for
each above said parameters, final desertification map of 
the area created by using following formula of [5]. 

( )1 / 4DM VQI SQI CQI MQI= ∗ ∗ ∗

Where, DM: Disertification Map, VQI: Vegetation
Quality Index, SQI: Soil Quality Index, CQI: Climate
Quality Index and MQI: Management Quality Index.

Based on the Fig. 11 the study area can be seen to 
have different classes of sensitivity such as critical, 
fragile, potential to desertification and not affected.
Table 4 exhibits aerial coverage of each sensitivity 
classes in the study area.

RESULT AND DISCUSSION

Estimation of change detection in sand dunes: The 
result of LMM method with 81% accuracy for 1991-
2002 land use change detection reveals that due to sand 
stabilization processes the active sand dunes has
decrease from 9335 to 7330 ha. The active sand dune to 
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Fig. 12: Mean weighted of each parameter

Table 5: Pecrcentage of illite and kaolinite minerals in ESAs classes

Type of ESAs class Illite (%) Kaolinite (%)

C3 12.8 5.26

C2 2.97 9.94
C1 0.78 9.60

agriculture and stabilized sand dune are 1426 and 598 
ha respectively. The largest changes belong to wetland 
to barren land with 4882 and minimum goes to wetland 
to pastures with 4.3 ha.

Mineralogy and finding the resource of sand dunes:
The mineralogenic population of sand grains was
studied for understanding the probable sources of
sediment coming into dunes depositional site. The mean 
grain size is about 0.14 mm which is comparable to that 
of Lahbari member of Aghajari formation (([10] with 
0.18mm. The standard deviation points moderate to 
well sorting for all samples of Lahbari member and 
dunes sands, but differs for river sediments. Further 
observations show presence of quartz, chert and
anhydrite grains. The XRD study exhibits some
similarity of sand dunes grains with that of Lahbari 
member of Aghajari formation which may emphasis on 
above statement. One of the interesting features of this 
study is the presence of the sea shell (bivalve) in the 
eastern portion of the study area. This may show some 
of the sediment (eastern part) has come from the coastal 
zone of the Persian Gulf in the south and SE of the 
study area by the easterly winds. In order to see the 
regional distribution of the minerals identified by
sampling and XRD, the band rationing technique used 
on satellite images and different zones were delineated. 

Desertification Map of study area: The result
obtained by ESAs method reveals that the study area 
comprises of four sensitivity classes such as critical, 
fragile and potential to desertification and not affected. 
It is seen that most of the area is under danger of fragile 

to  critical  condition  which  need  urgent  remedies 
(Fig. 10 and Table 4). 

Also the average weight of desertification indices 
show that three desertification factors for instance scale 
of raining, dryness coefficient and percentage of plant 
covering with values orderly 2,2 and 1.924 have the 
most effect and three indices, gradient index,
motherhood materials and kind of land use with values 
1.023, 1.14 and 1.215 have the least effect in
desertification (Fig. 12). 

Another  good  feature  of  this  study within GIS 
was to evaluate the relationship of desertification
sensitivity  with  type  of  clay  mineral present in the 
area. As shown in the Table 5, the most critical class 
has more of illite than kaolinite but it is reverse for 
lower sensitive areas.

REFRENCES

1. Mashkoh, M.A., 1997. Temporary method for
Assessment and Classification of desertification.
Institute of Researches for Forests and Ranges. 
Tehran, Iran.

2. Sarnthein, M., 1978. Sand deserts during glacial
maximum     and   climatic   optimum.   Nature, 
272: 43-46.

3. Howari, F.M., A. Baghdady and P.C. Goodell,
2007. Mineralogical and gemorphological
characterization  of  sand  dunes  in  the eastern part 
of United Arab Emirates using orbital remote
sensing integrated with field investigations.
Geomorphology, 83: 67-81.

4. Hauff, P., F. Kruse, R. Madrid, S. Fraster, J.
Huntingtone, M. Jones and S. Watters, 1991. Illite 
crystalinity: case histories using x-ray diffraction
and reflectance spectroscopy to define ore host 
environments, in Proceeding of the 8tb Thematic 
Conference on Geologic Remote Sensing, Volume 
1, Environmental Research Institute of Michigan, 
Ann Arbor, Mich., pp: 447-458.



Global J. Environ. Res., 2 (1): 42-52, 2008

52

5. Kosmas, C., S.T. Gerontidis, V. Detsis, T.H.
Zafiriou  and  M. Marathianou, 1999. Application
of  the  MEDALUS  methodology for defining 
ESAs in the Lesvos island. European Commision. 
Capri, Italy.

6. Jain, H.K., 1995. Desertification in the Escap
Region Land Degradation and Desertification in 
Asia and the Pacific Region, Scientific Publishers 
Jodhpur, India, pp: 1-7.

7. Babaev, G.A., 1999. Desert problems and
Desertification in Central Asia, the researches of 
the Desert insititute springer-velag berline,
Heidelberg Newyork.

8. Kosmas, C., A. Ferrara, H. Briassouli and A.
Imeson, 2000. Methodology For Mapping
Environmentally Sensitive Areas (ESAs) To
DesertifIcation. Agricultural University of Athens, 
Laboratory of Soils and Agricultural Chemistry.

9. Giordano‚ L.‚ F. Giordano‚ S. Grauso‚ M. Iannetta‚ 
M. Sciortino‚ L. Rossi and G. Bonati‚ 2002.
Identification  of  areas  sensitive to desertification 
in Sicily Region. ENEA (Ente per le Nuove
Tecnologie, l, Energia e l, Ambiente),
centeroRicerche casaccia, Via Anguillarese 301,
00060 Roma, Italy.

10. Rangzan, K., Iqbaluddin, 1998. Sedimentation As 
Guid to Tectonic Setting of Aghajari Formation, 
Zagros structural belt, SW IRAN. J. Indian
Association of Sedimentologists, 17 (1): 1-11.

11. Ramadan, T.M. and A. Kontny, 2004.
Mineralogical and structural characterization of
alteration zones detected by orbital remote sensing
at Shalatein District, SE Desert. Egypt. Journal of 
African Earth Sciences, 40 (1-2): 89-99.

12. Chavez, P.S., 1989. Radiometric calibration of
Landsat Thematic Mapper multispectral images.
Photogrametric Engineering and Remote Sensing, 
55 (11): 1285-1294.

13. Price, J.C., 1987. Radiometric calibration of
satellite sensore in the visible and near infrared: 
history and outlook. Remote Sensing of
Environment, 22: 3-9.

14. Lillesand, T.M. and R.W. Kiefer, 1994. Remote
Sensing and Image Interpretation. 3rd Edition. John 
Wiley and Sons, Inc., pp: 230.

15. Sabins, F.F., 1997. Remote Sensing: Principles and 
Interpretation. W.H. Freeman and Company, New 
York, pp: 549.

16. Lin, C., 1999. Study of seasonal change of spectral 
reflectance of forest vegetation. Taiwan Journal of 
Forest Science, 14 (3): 289-305.

17. Chander, G. and B. Markham, 2003. Revised
Landsat-5 TM Radiometric Calibration Procedures 
and Post calibration Dynamic Ranges. IEEE
Transactions on Geoscience and Remote Sensing, 
41: 2674-2677.

18. Markham, B.L. and J.L. Barker, 1986. Landsat
MSS and TM post calibration dynamic range,
exoatmospheric reflectancesand at-satellite
temperatures: EOSAT Technical Notes, 1: 3-8.

19. Richards, J.A., 2000. Remote Sensing Digital
Image Analysis. 3rd Edn. Springer-Verlag, Berlin, 
pp: 190.

20. Kohkan, R., 2003. Change Detection of urban land 
use for Mashhad City with Remote Sensing and 
GIS. M.Sc Thesis, University of Tehran, Iran (In 
Persian).

21. Tucker, M., 1989. Techniques in sedimentology,
Black Well Scientific. Publ., pp: 394.

22. Sultan, M., R.E. Arvidson, I.J. Duncan, R. Stern 
and B. El Kaliouby, 1986. Extension of the Najd 
Fault System from Saudi Arabia to the central
Eastern Desert of Egypt based on integrated field 
and Landsat observations. Tectonics, 7: 1291-1306.

23. Paisley, E.C.I., N. Lancaster, L.R. Gaddis and R. 
Greeley, 1991. Discrimination of active and
inactive sand from remote sensing: Kelso Dunes, 
Mojave Desert, California: Remote Sensing of the 
Environment, 37: 153-166.

24. Pease, P.P., G.D. Bierly, V.P. Tchakerian and N.W. 
Tindale, 1999. Mineralogical characterization and 
transport pathways of dune sand using Landsat TM 
data.Wahiba Sand Sea, Sultanate of Oman
Geomorphology, 29 (3-4): 235-249.

25. White, K., A. Goudie, A. Parker and A. Al-Farraj,
2001. Mapping the geochemistry of the Northern 
Rub' Al Khali using multispectral remote sensing 
techniques. Earth Surface Processes and
Landforms, 26: 735-748.

26. White, K., J. Walden, N. Drake, F. Eckardt and J. 
Settle, 1997.Mapping the iron oxide content of
dune sands, Namib Sand Sea, Namibia, using
Landsat Thematic Mapper data. Remote Sensing of 
Environment, 62: 30-39.

27. Ben-Dor, E., N. Levin, A. Singer, A. Karnieli, O. 
Braun  and  G.J. Kidron, 2006. Quantitative
mapping of the soil rubification process on sand 
dunes using an airborne CASI hyper spectral
sensor. Geoderma, 131: 1-21.

28. Rafiei Emam, A., 2002. Investigation of Varamin 
plain desertification with attention of soil and
water.  M.Sc  Thesis,  University  of  Tehran, Iran 
(In Persian).

29. Khosravi, H., 2003. Application of MEDALUS
model for Desertification study in Kashan region. 
M.Sc Thesis. University of Tehran, Iran (In
Persian).

30. Rangzan, K., A.R. Sarsangi, B. Soleimani and E. 
Abshirini, 2007. Determination of sensitivi degree 
for east of Ahvaz Desert with MEDALUS model 
and GIS. 14 conference of Geomatic. Tehran, Iran 
(In Persian).


