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Abstract The main aim of this study was the
quantitative assessment of desertification process in
the case study area of the Fidoye–Garmosht plain
(Southern Iran). Based on the MEDALUS approach
and the characteristics of study area a regional model
developed using GIS. Six main factors or indicators of
desertification including: soil, climate, erosion, plant
cover, groundwater and management were considered
for evaluation. Then several sub-indicators affecting
the quality of each main indicator were identified.
Based on the MEDALUS approach, each sub-indicator
was quantified according to its quality and given a
weighting of between 1.0 and 2.0. ArcGIS 9 was used
to analyze and prepare the layers of quality maps using
the geometric mean to integrate the individual sub-
indicator maps.. In turn the geometric mean of all six
quality maps was used to generate a single desertifica-
tion status map. Results showed that 12% of the area is

classified as very severe, 81% as severe and 7% as
moderately affected by desertification. In addition the
plant cover and groundwater indicators were the most
important factors affecting desertification process in
the study area. The model developed may be used to
assess desertification process and distinguish the areas
sensitive to desertification in the study region and in
regions with the similar characteristics.
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Introduction

The United Nations Environmental Programme
(UNEP) estimated 69% of the world’s dry lands,
excluding the hyper-arid deserts, were already mod-
erately to severely degraded by 1992 (Dregne 1991).
The definition of desertification has had a progressive
evolution over time since it was first used by
Aubreville (1949). UNEP continuously rewrote the
concept of desertification over the past 20 years. In
the early 1990s it was defined as ‘land degradation in
arid, semi-arid and dry sub-humid areas resulting
from various factors, including climatic variations and
human activities’ (UNEP (United Nations Environ-
mental Program) 1992). Desertification Sensitivity
can be defined, in this context, as the response of the
environment, or part of it, to a change in one or more
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external factors. Desertification is nothing new in
Iran. It is a natural process in most parts of this wide
country. Dry land ecosystems cover more than 85%
Iran’s land, of which desertified and desert lands
account for 34 million ha (FRW (Forest, Range, and
Watershed Management Organization) 2004). Differ-
ent methods for evaluating the desertification process
such as mathematical models, parametric equations,
remote sensing, direct observation and measurement
have been developed. Recently, several models of
desertification and land degradation have been pre-
sented. The methods from FAO/UNEP (1984) and
Turkmenistan Academy of Science (Babaev 1985)
assess the main parameters affecting desertification
processes. These models mainly calculate desertifica-
tion hazards based on the scores considered for
parameters affecting desertification. For example, the
FAO/UNEP (1984) method was summarized by a
matrix. Its rows consist of quantitative and qualitative
variables of vegetation and soil and its columns
represent the degree of desertification. The elements
of the matrix represent the range of values of each
variable corresponding to each degree of desertifica-
tion status. The elements of the matrix were then
integrated in a single index that summarized the
desertification status in one of four classes: slight,
moderate, severe, and very severe. The most well-
known result produced by this approach was the
estimate that 70% of all dry lands were affected by
desertification (UNEP (United Nations Environmental
Program) 1992).

Ekhtesasi and Mohajeri (1995) developed the ICD
(Iranian Classification Deserts) model for the classi-
fication of Iranian deserts. One of the advantages of
the ICD model is its capability to identify the type of
desert environment such as natural and anthropogenic
deserts. ICD was developed in four steps: separation
of deserts types using plant types and land use maps,
determination of desertification causes including the
major and minor causes, classification of desertifica-
tion and desertification mapping. This method classi-
fies the severity of desertification to five classes:
slight, low, moderate, severe and very severe. The
most well-known result produced by this approach
was the estimate that 75% of studied area was
affected by anthropogenic factors of desertification.

Kharin et al. (2000) prepared the desertification
map of West Asia by presenting several methods for
desertification assessment.

The MEDALUS method (Kosmas et al. 1999)
identifies regions that are environmentally sensitive
areas (ESAs). In this model, different types of ESAs
to desertification can be analyzed in terms of various
parameters such as landforms, soil, geology, vegeta-
tion, climate, and human actions. Each of these
parameters is grouped into various uniform classes
and a weighting factor is assigned to each class. Then
four layers are evaluated: soil quality, climate quality,
vegetation quality, and management quality. After
determining indices for each layer, the ESAs to
desertification are defined by combining the four
quality layers. All the data defining the four main
layers are introduced in a regional geographical
information system (GIS), and overlain in accordance
with the developed algorithm which takes the geo-
metric mean to compile maps of ESAs to desertifica-
tion.

The main aim of this study was to develop a
desertification assessment model for arid and semi-
arid areas. The specific objective was the assessment
of the most important factors affecting desertification
in the study area by modifying the MEDALUS
method.

Materials and methods

Study area

The study area, (Fidoye–Garmosht plain) is located in
the Larestan, Southern Iran (52°37′58″–52°59′55″ E
and 27°56′02″–28°08′49″ N), has a maximum altitude
of 1,092 m and comprises two geomorphologic main
units: a mountain unit and a plain unit with 27
facieses (Fig. 1). The annual range of rainfall is 150–
300 mm with a high inter-annual variability. In this
desert environment, the hottest month is July and the
coldest is January, with mean monthly maximum and
minimum temperatures of 46 and 4°C, respectively.
The wind is dry and generally cold and strong,
blowing at great velocity sometimes reaching more
than 108 km/h (typical land uses are rangelands and
dry farming).

Methodology

Desertification involves a complex set of factors,
interacting in space and time leading to a decrease in
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land productivity. It is closely related to many
environmental factors such as climate, soil, vegetation
cover, and morphology the character and intensity of
which contribute to the evolution and characterization
of different degradation levels. Desertification is also
strongly linked to socio-economic factors, since man’s
behavior and his social and economic actions can
greatly influence the evolution of numerous environ-
mental characteristics. The following three main
criteria were considered in the selection of the infor-
mation layers in this study: (1) The relationship with
desertification phenomena or environmentally critical
situations; (2) The extent of data coverage; (3) The ease
of updating the data quickly and economically.

The main indicators selected and used in the GIS to
assess desertification intensity are presented in Table 1.
A quantitative classification scheme with values
ranging from 1 to 2 has been applied throughout the
model for individual indices as well as the final
classification of Desertification Sensitive Areas
(DSAs). The value “1” was assigned to areas of least
sensitivity, and the value “2” was assigned to areas
with the most. Values between 1 and 2 reflect relative

vulnerability. The individual factors and their indica-
tors are described in Tables 2, 3, 4, 5, 6, 7, and 8.

The geomorphological facieses were considered as
study units and were identified through field operations
using topographic maps (1: 25,000), aerial photographs
(1: 55,000) and Land sat satellite images (ETM+ 2002
with color composite of 4-3-2 for evaluation of plant
cover and 5-4-3 for evaluation of geology). Morphol-
ogy and study unit maps were prepared by integrating
hypsometric, gradient and geological maps. They were
used as a base for distinguishing the type and intensity
of desertification. Based on the morphological, topo-
graphical and lithological studies, a total of 27 facieses
were identified in the study area, within the two main
mountain and glacis areas. The mountain area com-
prises seven facieses and glacis area comprises 20. Each
facieses was treated as a separate study unit and the
assessment of desertification was made in all of them.

Information on soil, climate, plant cover, erosion
and other factors was collected according to the study
area map. The next task was to develop a system
which would function irrespective of the number and
type of information layers at its most primitive level.

Fig. 1 The position of
study area

Main indicators
(Indices)

Sub-indicators (Layers)

Climate Precipitation, evapotranspiration and aridity index
Soil Soil texture, Electrical conductivity( EC), Organic matter(OM), Soil Depth,

Slope gradient, Stone fragment, Soil drainage
Vegetation Fire risk, Erosion protection, Drought resistance, Land cover percentage
Demographic
pressure

Population density, Land use, grazing intensity

Erosion Water erosion, Wind erosion
Ground water Water table, EC, Sodium Adsorption Ratio(SAR), Chloride(Cl)

Table 1 Factors affecting
desertification process in the
study area
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This was achieved by adopting an approach as
illustrated in Fig. 2. In the first stage, the six quality
indices (climate, soil, plant cover, management,
erosion and groundwater) were determined from the
sub-indicator layers and in the second stage the six
quality layers were combined to give a single

desertification sensitivity layer. The quality indices
were calculated for each study unit using Eq. 1.

Indexx ¼ Layer1ð Þ � Layer2ð Þ � Layer3ð Þ � . . . Layernð Þ½ �1=n

ð1Þ

Classes and corresponding weights

Texture
Class Description Texture weight
1 Good L, SCL, SL, LS, CL 1
2 Moderate SC, SiL, SiCL 1.2
3 Poor Si, C, SiC 1.6
4 Very poor S 2

Slope
Class Description Slope (%) weight
1 Very gentle to flat < 6 1
2 Gentle 6–18 1.2
3 Steep 18–35 1.5
4 Very steep > 35 2

Rock fragments
Class Description RF cover (%) weight
1 Very stony > 60 1
2 Stony 20–60 1.3
3 Bare to slightly stony < 20 2

Drainage
Class Description weight
1 Well drained 1
2 Imperfectly drained 1.2
3 Poorly drained 2

Organic Matter (OM)
Class Description O.M (%) weight
1 Very good > 3 1
2 Good 2–3 1.2
3 Moderate 1–2 1.5
4 Poor 0.5–1 1.7
5 Very poor < 1 2

Electrical Conductivity (EC)
Class Description EC (mmhos/cm) weight
1 Very low < 4 1
2 Low 4–8 1.2
3 Moderate 8–16 1.4
4 Almost high 16–32 1.6
5 High 32–64 1.8
6 Very high > 64 2

SOIL DEPTH
Class Description Depth (cm) weight
1 Deep > 75 1
2 Moderate 30–75 1.2
3 Shallow 15–30 1.6
4 Very shallow < 15 2

Table 2 Classes and the
corresponding weight
assigned for the calculation
of the soil quality index

SQI=(Texture * Slope *
Rock fragments * Drainage
* OM * EC* Soil Depth)1/7 .

SQI Soil Quality Index.
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X represents the six quality indices. n represents
the number of sub-indicators (layers) used to calcu-
late each quality index. Tables 2, 3, 4, 5, 6, 7, and
8 show the classes and weights assigned to each of
the sub-indicators.

Climate quality is calculated from indicators that
influence water availability to plants such as amount of
rainfall, evaporation and aridity. Annual precipitation is
classified in three classes considering that annual

precipitation of 300 mm is a critical threshold for soil
erosion and plant growth. The most effective measure of
soil water availability (precipitation minus evapotrans-
piration and run-off) requires a relatively large amount
of data such as soil moisture retention characteristics
and vegetation growth characteristics.Therefore, the
simple FAO aridity index was used here. The aridity
index is the ratio of the yearly precipitation divided by
the yearly potential evapotranspiration (P/ETP).

Classes and corresponding weights

Fire risk
Class Description Type of vegetation Index
1 Low Bare land 1
2 Moderate Annual agricultural crops, cereals and annual grasslands 1.5
3 High Gardens and orchards, evergreen rangelands 2

Erosion protection
Class Description Type of vegetation Index
1 High Gardens and orchards, evergreen rangelands 1
2 Moderate Permanent grasslands and rangelands 1.3
3 Low Annual agricultural crops, cereals and annual grasslands 1.6
4 Very low Bare land 2

Drought resistance
Class Description Type of vegetation Index
1 High Gardens and orchards, evergreen rangelands 1
2 Moderate Permanent grasslands and rangelands 1.3
3 Low Annual agricultural crops, cereals and annual grasslands 1.6
4 Very low Bare land 2

Plant cover
Class Description Plant cover (%) Index
1 High > 35% 1
2 Low 10–35% 1.5
3 Very low < 10% 2

Table 3 Classes, and the
corresponding weight
assigned for the calculation
of the vegetation quality
index

VQI=(Fire risk * Erosion
protection * Drought resis-
tance * Plant cover)1/4 .

VQI Vegetation Quality
Index.

Classes and corresponding weights

Rainfall
Class Rainfall (mm) Index
1 > 300 1
2 150–300 1.5
3 < 150 2

Evapotranspiration
Class Evapotranspiration (mm) Index
1 < 1500 1
2 1,500–2,000 1.5
3 > 2,000 2

Aridity index
Class Aridity index (P/ETp) Index
1 AI >=1 1
2 0.1 < AI < 1 1.5
3 AI=< 0.1 2

Table 4 Classes and the
corresponding weight
assigned for the calculation
of the climate quality index

CQI=(Rainfall * Evapo-
transpiration * Aridity
index)1/3 .

CQI Climate Quality Index

Environ Monit Assess



Classes and corresponding weights

Land use
Class Land use Weight
1 Agricultural lands 1
2 Rangelands 1.3
3 Poor and degraded

rangelands
1.6

4 Bare lands 2
Grazing intensity
Class Animal Unit Month (AUM)* Weight
1 < 1 1
2 1–2.5 1.5
3 > 2.5 2

Population pressure
Class Population pressure

(Number/area)
Weight

1 < 0.5 1
2 0.5–1 1.3
3 1–1.5 1.6
4 > 1.5 2

Policy and management
Class Description Degree of enforcement Weight
1 High Complete: > 75% of the area under

protection
1

2 Moderate Partial: 25–75% of the area under protection 1.5
3 Low Incomplete: < 25% of the area under

protection
2

Table 5 Classes, and the
corresponding weight
assigned for the calculation
of the management and de-
mographic quality index

DQI=(Land Use * Grazing
intensity * Population pres-
sure * Policy)1/4 .

DQI Demographic Quality
Index

Classes and corresponding weights

Wind erosion
Class Description Index
1 Very low 1
2 Low 1.2
3 Moderate 1.5
4 High 1.7
5 Very high 2

Water erosion
Class Description Index
1 Very low 1
2 Low 1.2
3 Moderate 1.5
4 High 1.7
5 Very high 2

Table 6 Classes, and the
corresponding weight
assigned for the calculation
of the erosion quality index

EQI=(Wind erosion * Water
Erosion)1/2 .

EQI Erosion Quality Index
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An obvious consequence of overgrazing is the
increase in soil erosion. AUM1 index is the number of
animal units per unit grazing area (ha) per month.
When the required forage for AUM is less than the
production of dry forage of one unit area (ha), the
overgrazing is occurred. In this research, AUM was
calculated according to area of facies occupied by
animals.

Wind erosion status was investigated using the
IRIFR2 method (Ekhtesasi and Ahmadi 1995). In this
method, nine parameters affecting wind erosion
process including: lithology, morphology and relief,
wind velocity, soil characteristics, type and plant
cover percentage, wind erosion features, soil mois-
ture, type and distribution of sandy dune, land use and
land management were considered. Ultimately, wind
erosion index was classified in five classes as shown
in Table 6.

For the evaluation of water erosion, the PSIAC3

(1968) method was used in which several parameters
such as lithology, soil, climate, runoff, morphology,
vegetation cover, land use are considered. In this
study, water erosion index was also classified in five
classes.

According to their value, each of the six quality
indices were classified as high, moderate or low as
shown in Table 8. Finally all six were combined to
calculate a single index of desertification severity
using Eq. 2.

DS ¼ SQI� VQI� CQI� DQI� EQI� GWQIð Þ1=6
ð2Þ

DS: Desertification Severity.
Severity of desertification was classified as high

severe, severe, moderate or low severe according to
the ranges of values in Table 9.

1Animal Unit Month
2Iran Research Institute of Forest and Rangelands

Classes and corresponding weights

Electrical Conductivity (EC)
Class EC (μmohs/cm) Index
1 < 250 1
2 250–750 1.2
3 750–2250 1.5
4 2,250–5,000 1.7
5 > 5,000 2

Chloride (Cl)
Class CL (mg/lit) Index
1 < 250 1
2 250–500 1.2
3 500–1,500 1.5
4 1,500–3,000 1.7
5 > 3,000 2

Sodium Adsorption Ratio (SAR)
Class SAR Index
1 < 10 1
2 10–18 1.3
3 18–26 1.6
4 > 26 2

Water table
Class Water table (cm) Index
1 > 315 1
2 285–315 1.5
3 < 285 2

Table 7 Classes, and the
corresponding weight
assigned for the calculation
of the groundwater quality
index

GWQI=(EC * Cl * SAR *
Water Table)1/4 .

GWQI Groundwater Quality
Index

3Pacific South-West Inter-Agency Committee
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The process of proposed method is shown in
Fig. 2. Using the final results, a desertification map
showing the present status of desertification of the
study area was developed as shown in Fig. 3.

Results and discussions

The results obtained showed that 12% of the Fidoye–
Garmosht plain in Southern Iran can be classified as
very severely, 81% as severely, and 7% as moderately
affected by desertification. In other words, almost 93%
of total study area was sensitive to desertification
(critical). Results also showed that plant cover and
groundwater quality were the most important indica-
tors affecting desertification process. This undesirable
state has been caused by overgrazing and over exploi-
tation of groundwater. This shows that the human
activities play an important role in accelerating desert-
ification process. The developed model may be used to
determine the desertification process and distinguish the
areas affected by desertification in the study region and
the regions with the similar characteristics.

The developed model attempts to assess and
identify the factors affecting desertification. It gives
an overall picture of the study area, but there is scope
for minor improvements whenever more recent data is
available. The results also reveal that although in
areas classed as moderately affected the severity of
desertification is low, good management of them is
essential. These areas are generally used for rangeland
and agricultural activities that may be affected by
mismanagement and hence they are susceptible to
degradation. Figure 4 shows one such area that has
been highly eroded and degraded due to mismanage-
ment. The rate of spread of desertification should be
restrained using effective management and policies to
combat desertification (Fig. 5).

A more comprehensive description on how the
environmental layers are linked to the degradation or
desertification phenomena is given in Kosmas et al.
(1999). One of the particular aspects of the proposed
system is that the desertification severity classes are not
absolute values of severity but are relative for a
particular area. The selection of the layers is an open
process, though only meaningful layers will produce

Indicators Sub indicators (layers) Range Class

Soil quality Soil texture < 1.13 S1 (High quality)
Stone fragment
Organic matter (%) 1.13–1.45 S2 (Moderate quality)
Soil depth
Electrical conductivity (EC)
Soil drainage > 1.46 S3 (Low quality)
Soil Slop

Climate quality Precipitation 1 C1 (Humid)
Evapotranspiration 1.1–1.5 C2 (Semi-arid)
Aridity index 1.6–2 C3 (Arid)

Vegetation quality Fire Risk < 1.13 V1 (High)
Erosion protection 1.13–1.38 V2 (Moderate)
Drought resistance > 1.38 V3 (Low)
Plant cover (%)

Erosion quality Wind erosion 1 E1 (Low)
1–1.4 E2 ( Moderate)

Water erosion 1.4–2 E3 ( High)
Groundwater quality Sodium Adsorption Ratio(SAR) 1 W1 (High)

Chloride(Cl) 1–1.4 W2 (Moderate)
EC > 1.4 W3 (Low)
Water table

Demographic quality Land use 1–1.3 D1 (High)
Population density 1.3–1.5 D2 (Moderate)
Grazing intensity > 1.5 D3 (Low)
Policy and management

Table 8 Quantitative scores
and qualitative classes of
considered indicators
(indices)
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meaningful results. The choice of the layers is not
critical: many other layers can be used and they can all
be subsequently redefined in the light of greater
knowledge. Different information layers can change
the emphasis of the analysis as other contexts are
introduced, for example pedological data, phytoclimatic
classifications, rain erosivity, biodiversity of the vegeta-
tion, land use sustainability, or the level of environmen-
tal protection could be added as extra layers to the
system.

It must be emphasized that the main reason for this
desertification assessment model was to define a
reference framework to be used in analyzing various
situations within the arid and semi-arid environment
under the following operational constraints.

(1) The system must be reasonably simple to estab-
lish, robust in operation, and widely applicable.

(2) The selection of the information layers is made,
not only on the basis of their actual information

Fig. 2 Flowchart showing the process of developed model

Table 9 Desertification severity classes

Type Desertification severe classes

Qualitative High severe Severe Moderate Low severe
Quantitative 1.54–2 1.38–1.53 1.23–1.37 1–1.22
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Fig. 3 Final map of desertification status with severity classes in study area
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content, but also as a function of our ability to
obtain and update the data with ease and economy.

(3) The system must be adaptable to the develop-
ment and refinement of the existing information
content and the addition of new information.

The emphasis of this study has been on a static
system; however, degradation, sensitivity, and man-
agement are all dynamic. Considerable attention is
currently being paid to develop a continuous moni-
toring system in which data can be updated and
compared over a range of time scales. To this extent,
some layers whose environmental parameters change

slowly (e.g., soil type) can be considered static, whilst
others are more dynamic (e.g., vegetation biomass).
In any event, the aim of such a monitoring system is
to define and predict trends and changes in the
desertification sensitivity of a defined environment
in order to promote an efficient and optimal manage-
ment system. Establishing systems for analysis using
information which is difficult or expensive to collect,
update, or upgrade, even if scientifically valid, will
have limited utility when used for continuous moni-
toring. With the proposed approach, layers can be
added or removed as necessary. It should be noted
that the final map developed in this research shows

Fig. 5 Typical photographs of
study area showing the plant
cover degradation (a, c, d), soil
salinity (c) and nature of
village with water scarcity (b)

Fig. 4 Areas highly eroded
and desertified under ad-
verse climatic conditions
and mismanagement
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the present status of desertification not the desertifi-
cation risk or desertification potential.

Summary and conclusion

Desertification as a process of degradation in arid
ecosystems is wide-spread in arid regions of the world.
In Iran more than 85% of the country’s 164.8
million ha is occupied by arid, semi-arid and hyper-
arid regions with 34 million ha of desert. So the most
part of this country is susceptible to desertification.
Although in the recent years the government had
planed to execute many projects to combat desertifi-
cation, it seems that due to the extensive arid area they
are not adequate and need much more attention
together with long-term effective national and interna-
tional cooperation. In this study, a regional model was
developed by modifying the MEDALUS method in
which desertification parameters were collected in the
study area using GIS. Six composite indices each
comprising several sub-indicators was analyzed.
Results showed that plant cover and groundwater were
the most important indicators for describing desertifi-
cation process in the study area. Based on the
developed desertification map, almost 93% of study
area was sensitive to and affected by desertification.
The developed model can assess the extent, intensity
and severity of desertification process in the target
area. However, there is scope for minor improvements
whenever more recent data is available.
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