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Abstract Desertification generally refers to land degradation
in arid, semiarid, and dry semi-humid climatic zones. It in-
volves five principal processes: vegetation degradation, water
erosion, wind erosion, salinization and waterlogging, and soil
crusting and compaction. The aim of this study is assessing
desertification using soil criteria. For this purpose, nine indi-
ces including sodium absorption ratio (SAR), soil gypsum
percentage, soil texture, the content of HCO3

−, the percentage
of the organic matter, electrical conductivity (EC), pH, the
content of the soil sodium, and chloride were used. The soil
samples were taken in the north of Zayandeh-Rood River in
Isfahan province of Iran, using soil data randomly sampled in
a depth of 0–20 cm. After assessing the normality of the sam-
ples using Kolmogorov-Smirnov test, indices were imported
into GIS environment and interpolated with IDW and normal
and discrete kriging methods for delineating soil characteris-
tics maps based onMEDALUS model. In this model, the data
were firstly changed from 100 to 200. Thus 100 and 200 are
estimated as the best and worst quality, respectively. Then the

final map of soil criteria has been created by geometric mean
of its indicators. The results showed that the maximum area is
related to the medium class of desertification and is equal to
44,746 ha. The areas of severe and very severe classes of
desertification are equal to 30,949 and 351 ha, respectively.
The results also revealed that the indices of the organic matter
and soil gypsum percentage are the most influential indices
which affect desertification phenomenon.
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Introduction

Desertification is generally understood to refer to land degra-
dation in arid, semiarid, and dry semi-humid climatic zones
(UNEP 1992). It involves five principal processes: vegetation
degradation, water erosion, wind erosion, salinization and
waterlogging, and soil crusting and compaction (Dregne
1998). Among these, soil degradation means displacement
of soil material driven by water and wind erosion, and internal
deterioration caused by physical and chemical processes, such
as salinization and nutrient loss (Takar et al. 1990; Zobeck
1991). Desertification is not a new issue in Iran. It is a natural
process in most parts of the 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]. The
Mediterranean Desertification and Land Use (MEDALUS;
European Commission 1999) (Kosmas et al. 1999) methodol-
ogy identifies regions that are environmentally sensitive areas
(ESAs). In this model, different types of ESAs to desertifica-
tion can be analyzed in terms of various parameters such as
landforms, soil, geology, vegetation, climate, and human ac-
tions. Each of these parameters is grouped into various
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uniform classes and a weighting factor is assigned to each
class. Then four layers are evaluated including: soil quality,
climate quality, vegetation quality, and management quality.
Determining indices for each layer, the ESAs to desertification
can be defined using combination of four quality layers. The
data which describe the four main layers is introduced in a
regional geographical information system (GIS) and overlaid
due to the developed algorithm, which takes the geometric
mean to compile maps of ESAs to desertification (Basso
et al. 1999). Several studies have been conducted to evaluate
the effect of soil conditions on desertification phenomenon
using MEDALUS model referred to various cases. In assess-
ment of desertification in southern part of Italy, Ladisa et al.
(2002) used six major criterion including soil, climate, vege-
tation, land use, management, and human pressure criterion.
They concluded that climate is the most important criterion in
area desertification. Castellano and Valone (2007) examined
the pressure effect, the infiltration rate of the soil, and soil
characteristic changes on desertification phenomenon in
Arizona. They concluded that soil characteristic variation,
the most important factor affecting the desertification, would
be highly intensified toward changing the physical and
chemical properties such as soil salinity, soil structure
col lapse, and loss of organic matter, increasing
desertification. As a result, soil characteristics are most
affected by desertification in arid and semiarid areas. Sepehr
et al. (2007) measured the effect of soil indices in Larestan
desertification in Fars using MEDALUS model, such indices
as the gravel cover, soil texture, soil depth, soil organic matter,

drainage, and electrical conductivity were used. The results
showed that approximately 66.2% is in average level and
33.4% is in low level in terms of soil quality. Albaladejo
et al. (1988), Yong Zhong et al. (2004), Amezketa (2006),
Castellano and Valone (2007), and Lian Zhou et al. (2008)
investigated the effect of soil properties and other factors on
the phenomenon of desertification, such as vegetation, water
pressure, and water content in the distribution and intensity of
desertification phenomenon. They concluded that soil charac-
teristics have the greatest effect on this phenomenon. The
main purpose of this study was to determine the most impor-
tant soil indices on desertification intensity in arid and semi-
arid areas.

Material and methods

The study area

The study area is the Segzi Plain located in north of the
Zayandeh-Rood River in Isfahan Province, Iran (52° 15′ 43′′
−52° 53′ 43′′ E and 32° 27′ 24′′−32° 41′ 21′′N) and covers an
area of about 112,167 ha. Figure 1 shows the study area on a
map of Iran. Furthermore, due to hydrological assumptions,
there is a big river in south of area and 38 wells. According to
FAO (1988), the main soil orders of the plain are Fluvisols,
Regosols, Cambisols, Gypsisols, and Solonchaks. Given soil
taxonomy (2010), there are Entisols and Aridisols (USDA
2010). The region has a semiarid climate with an average

Fig. 1 Location of the study area in Iran and Isfahan
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annual rainfall of 125.5 mm and an average annual tempera-
ture of 15 °C. The average annual evaporation was estimated
as 2920 mm with Thornthwaite method. Agriculture land,
salty, rural and industrial land, and sand mine are land uses
in the study area.

The data was firstly plotted on topographic and geomor-
phology maps. Soil samples were sampled in physiographic
units (Fig. 2). A total of 50 soil samples were collected from
five physiographic units and seven land units (Table 1) (each
sample is from a point, not composite points). These samples

were taken from a depth of 0–20 cm in order to have a random
sampling. After drying in air, soil samples were passed
through a 2-mm sieve. Markers were determined by soil tex-
ture (percentage of sand, silt, and clay) using gauging method
(Jacob and Clarke 2002), the amount of gypsum was obtained
by using drying methods (w.t), the bicarbonate was measured
through titration method, and electrical conductivity of satu-
ration extracts was obtained by ECmeter model 3310. The pH
was calculated using pH meter model 744 metrohm, the or-
ganic matter was measured by wet oxidation of the method

Fig. 2 Map of the physiologic
units in the study area

Table 1 Characteristics of the physiographic units in the study area (Karimzadeh 2002)

Characteristics Name No. Number of sample
in each unit

Area (ha)

Physiographic units are old (they belong to Quaternary Period), they have
been worn by the process of water erosion and their remnant are appeared
as topographic relief rougher and heterogeneous.

High plateaus and terraces 3 3 1819

Flat plains have been created by accumulation of fine sediments, which
have been transported from the foot of the mountains

Piedmont- alluvial plains 4 3 2580

River creates this unit during overflows and this unit is near the river River alluvial plains 5.1 13 35,584

River creates this unit during overflows and this unit is away from the river River alluvial plains 5.2 9 12,024

They are located with low or concave slope in the center of the intermountain
plains with runoff from surrounding lands

Lowlands 6.1 13 8309

They are located with low or concave slope in the center of the intermountain
plains with high groundwater level and drainage problems

Lowlands 6.2 6 10,966

Foothill slopes are at hillsides, in which coarse and fine sediments are transferred
into them using streams from the catchment area.

Gravelly alluvial fans 8.1 3 4761
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Walcott St. Furthermore, amount of sodium was estimated
using the flame photometry and chloride with titration method
using silver nitrate in the soil, and the sodium adsorption ratio
was finally measured (Sparks et al. 1996).

We first calculated the primary statistical data including
mean, minimum, maximum, mean standard error, median,
mode, variance, skewness, and elongation of data to prepare
the soil map by using geostatistics method (Table 2). The
Kolmogorov-Smirnov method was used to investigate the
normality of data. Due to data normalization, there is no con-
version operation here. The change view patterns were subse-
quently drawn for soil parameter using GS+ software and then
the best change view pattern was chosen. In this study,

interpolation was performed using one of the three kriging
methods based on the spatial structure including ordinary,
simple, and universal kriging. The best method was selected
based upon such parameters as ME, RMSE, ASE, and MSE.

Methods

The main soil indices were selected and used in the GIS en-
vironment to assess desertification intensity. Indices classifi-
cation are also presented in Tables 3 and 4. A quantitative
classification scheme was used to evaluate individual indices
values ranging from 100 to 200 throughout the model as well

Table 2 The statistical
characteristics of soil indices Index Number Minimum Maximum Average C. V. Skewness Elongation

pH 50 7.4 8.9 8.0 0.3 0.5 −0.5
OM (%) (organic

matter)
50 0.0 1.6 0.5 0.4 0.7 0.7

EC (ds/m) 50 2.5 174.7 62.6 53.7 0.5 −1.0
Cl (mg/l) (chloride) 50 17.5 2766.0 956.2 877.9 0.5 −1.1
Gypsum (%) 50 1.2 16.5 9.9 4.4 −0.2 −1.1
HCO3

− (meq/l) 50 5.0 30.0 17.5 5.3 −0.5 0.3

Na (ppm) 50 4 10,945.5 3017.5 3114.2 0.9 −0.4
SAR 50 0.3 2688.2 652.8 783.6 1.1 −0.07
Texture 50 108.0 167.0 124.9 19.1 1.4 0.4

Table 3 Classes of Soil indices
(Basso et al. 1999) Index Class Explain Score Index Class Explain Score

Na (mg/l) 1

2

3

4

< 1000

1000–5000

5000–8000

> 8000

100–124

125–149

150–174

175–200

HCO3−(meq/l) 1

2

3

4

< 15

15–20

20–25

> 25

100–124

125–149

150–174

175–200

EC (ds/m) 1

2

3

4

5

<10

10–50

50–100

100–150

>150

100–119

120–139

140–159

160–179

180–200

Cl (meq/l) 1

2

3

4

5

<100

100–1000

1000–2000

2000–2500

>2500

100–119

120–139

140–159

160–179

180–200

Texture 1

2

3

4

Loam, silt

Clay, fine sand

Fine and coarse sand

Very coarse sand

100–124

125–149

150–174

175–200

Gypsum (%) 1

2

3

4

0–5

5–10

10–15

>15

100–124

125–149

150–174

175–200

SAR 1

2

3

4

5

<50

50–500

500–1000

1000–1500

>1500

100–119

120–139

140–159

160–179

180–200

O.M (%) 1

2

3

4

5

1.5–2

1–1.5

0.5–1

0.2–0.5

<0.2

100–119

120–139

140–159

160–179

180–200

pH 1

2

3

7<

7.5–8.3

8.3>
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as the final classification of desertification sensitive areas
(ESAs). The value B100^ was assigned to areas of least sen-
sitivity, and the value B200^ was assigned to areas with the
most sensitivity to desertification. Values between 100 and
200 reflect relative vulnerability (Basso et al. 1999;
Khanamani 2011).

In succeeding, each of the layers was scored based on
MEDALUS model, and the final characteristic maps were
then generated using soil geometric mean indices. The pro-
posed formula of preparing soil conditions is as follows
(Basso et al. 1999):

Ws ¼ WEC
*WSAR

*WT
*WCl

*WNa
*WG

*WO:M
*WpH

*WH
� �1=9

ð1Þ

where Ws is soil criterion and WEC, WSAR, WT, WCl, WNa,
WG,WO.M,WpH, andWH are defined as soil electrical conduc-
tivity (EC), sodium absorption ratio (SAR), texture index, the
sodium content, the chloride content, gypsum percentage, the
organic matter percentage, pH, and the content of HCO3−,
respectively.

Soil indices criterion and soil criterion classification are
showed in Tables 2 and 3.

Geostatistical analysis

According to the simplest definition, geostatistic is, in fact, an
interpolation method in which the criteria used for interpola-
tion or estimation is the minimization of the variance estima-
tion (Hohn 1988). Interpolation is the estimation of the un-
known continuous variable based on the known samples in the
region (Lu and Wong 2008). Geostatistical estimation is one
of the most accurate methods of estimation, because it ana-
lyzes many factors such as the distance between points, an-
isotropy, and spatial variability. But this method has a high
volume of calculations causing the increase of calculation
time in large operations (Hirsche et al. 1998). Geostatistical
analysis investigates the variable phenomena in space and
time. The sample analysis was collected from different loca-
tions in order to produce a steady level (Johnston et al. 2001).
Geostatistical analysis is looking for a way to describe the
spatial coherence and collecting statistical and definitive tools
and modeling of these changes. The basic assumption of
spatial-statistical analysis is that close observation requires

greater statistical correlation than far away observation. It
should be noted that, access to accurate and efficient results
through these analyzes develops when the data were normally
distributed and as it is possible to be fixed and their mean and
variances do not vary in space (Bohling 2005).

Variogram

Variogram is one of the most important concepts of the
geostatistics field, in which, all definitions and concepts are
often explained based on the concept. Variogram is used to
determine the spatial correlation of a variable in the sampling
intervals as well as extraction of the necessary parameters at
the interpolation steps (Shabani et al. 2011). Variogram is the
first step in modeling the spatial structure used in the kriging.
The main purpose of establishing the semi-variogaram is to
identify variability of variables in relation to terms of the spa-
tial distance. Variogram is calculated by the following equa-
tion (Webster and Oliver 2000).

γ hð Þ ¼ 1

2n hð Þ ∑
n hð Þ

i¼1
z xið Þ−z xiþhð Þ½ �2

Where:

γ (h) is the value of the semi-variogram of the two points
located with the distance of h from each other.

n is the number of two points, where they are located
with the distance of h from each other.

z(xi) is the observed value of the variable at the point x.
z(xi +
h)

The observed value of the variable that is located with
the distance of h from x.

The increase in distance of (h) increases the value of γ (h)
in the variogram curve. It means that the situation continues
till a certain distance obtained, where its amount remains
fixed. In this study, inverse distance weights (IDW) and
kriging methods are used to investigate the soil indices.

Statistical analyzes

Normal distribution of the parameters is the first condition in
using ordinary kriging to mapping (Sepehr et al. 2007).
Statistical analysis was performed using SPSS 21.0 (IBM
Corp. 2012). The normal distribution of the data was mea-
sured through Kolmogorov-Smirnov test. Finally, the correla-
tion between indignant (Pearson and Spearman) was deter-
mined (P value >0.05). All of the indicators except soil texture
are normally distributed at α = 0.01 level. Thus, the inverse
distance weighting method was used for soil texture map, but
ordinary kriging and inverse distance weighted were used for
other indices.

In this study, the variogrammodel was used to illustrate the
spatial correlation between different data of the soil criteria

Table 4 Classification of indices (Basso et al. 1999)

Class Range Class Range

Low 100–125 Severe (B) 140–145

Moderate (A) 125–130 Very severe (A) 145–150

Moderate (B) 130–135 Very severe (B) >150

Severe (A) 135–140
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(Table 5). A variogram was used to fit the data of each param-
eter representing the spatial correlation among those which are
more favorable than other variograms. For this purpose, the
ratio between the nugget effect and sill variogram was calcu-
lated. If the ratio of nugget effect on the sill variogram is less
than 0.25, there is a strong spatial correlation among the data
(Tuominen et al. 2003; Zahedi Amiri 1998). If the ratio is in
between 0.25 and 0.75, the spatial correlation is in average and
if it is more than 0.75%, there is a low or no spatial correlation
(Co/Co + C) in between the data (Tuominen et al. 2003;
Zahedi Amiri 1998). Therefore, the ratio was used to select
the best model of variograms. Due to the parameters obtained
for the fitted variograms of soil criteria, Gaussian variogram
with 0.90 R2 has modeled the best correlation among the data
and it was, then after, used for the interpolation. Linear, spher-
ical, Linear to sill, and exponential variograms had the ratio of
0.85, 0.87, 0.85, and 0.86, respectively. Figure 3 shows the
Gaussian variogram used to fit the data.

Maps of the indicators were developed using geostatistical
methods in Arc-GIS 9.3 software (Sepehr et al. 2007).

Results and discussion

According to the results, soil conditions were classified as mod-
erate, severe, and very severe classes in the area of Segzi in
terms of severity of desertification. At the maximum level,
44,746 ha are in moderate class, 30,949 ha in severe, and
351 ha is classified in very severe class of desertification.
According to the soil map of the study area (Fig. 4), degradation
conditions are high in the land units 6.1 (playa landform) due to
the accumulation of salts in the soil, wind erosion severity, and
groundwater decreasing; it was located in very severe class of

desertification. Plant cover has formed rough surface in soil
surface. However, because the 6.1 unit has vegetation less than
2%, the rough surface is not occurring at the soil surface and the
wind directly hits the soil surface and dries soil rapidly. The
regional average wind speed (8 m/s), is much higher than the
threshold velocity of wind erosion (4.5 m/s), and severity of
wind erosion is considerably high in this area.

Soil organic matter percentage, gypsum percentage, soil
salinity, and sodium adsorption ratio of the soil had the highest
effect among the indices used to measure the soil parameters
on Segzi Plain desertification. Data on soil surface properties
are shown in Table 6. Since each unit has a different texture
classes, the predominant soil texture data are listed in this
table.

According to Table 6, physiographic units 6 have the worst
situation of soil degradation. That is because of the high sa-
linity and alkalinity of soils in this unit. The soil gypsum
percentage is high in this unit, which can be sometimes more
than 70%. Therefore, these soils are susceptible to erosion.
Salt accumulation led to eliminate ecosystem and crop pro-
ductivity since elevated salt concentrations can inhibit plant
establishment and growth. To maintain water uptake from a
saline soil, plants must be osmotically adjusted, which is ac-
complished by either taking up salts and compartmentalizing
them within plant tissues or synthesizing organic solutes
(D’Odorico et al. 2013). Given the importance of soil criterion
as well as inappropriate landform soil conditions of desertifi-
cation, vegetation growth is also inappropriate. Thus, this will
be further influenced on the soil conditions, which is named as
the indirect and increasing effect. Different soil conditions
have also affected the amount of water and wind erosion.
Thus, if the soil structure is not coherent, soil will be suscep-
tible to erosion, sodium and salinity (EC) is high, organic
matter content is low, and gypsum content is high, and etc.,
leading to soil structure collapse. Soil will, therefore, be sus-
ceptible to wind erosion; thus the erosion rate rises sharply
(Basso et al. 1999). The organic matter varies from 0.042 to
2.52% in soil. The minimum amount of organic matter is
estimated as 0.042 percentage in the 6.1 unit. Since there is
no vegetation cover in this area, the soil organic carbon will be
low. The highest O.M is 2.52% located in the agricultural land
that results from the return of crop residues to the soil and
manure of livestock that are used here. Lian Zhou et al.
(2008) analyzed reciprocal effects of desertification, soil

Table 5 Nugget effect and sill
variogram parameters for fitted
variogram of EC

Model Nugget Co Sill Co + C Proportion Co/Co + C Range parameter Ao R2

Spherical 22.8 256.3 0.91 22,700.0 0.87

Gaussian 52.8 260.7 0.79 11,320.0 0.90

Linear 47.5 275.6 0.82 21,295.1 0.85

Exponential 23.0 356.9 0.93 17,610.0 0.86

Linear to sill 48.1 348.9 0.86 28,180.0 0.85

0

66

131

197

263

0.00 6406.67 12813.34 19220.01 25626.68

S
e
m

iv
a
ri

a
n
c
e

Separation Distance

Isotropic Variogram

Fig. 3 Fitted variogram of the EC by Gaussian method
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organic matter, and nitrogen on northern part of China; they
concluded that the plant growth was reduced due to lack of
organic matter of the soil, and thus influence the desertifica-
tion phenomenon. According to their results, agricultural
lands and pastures with adequate coverage have the highest
content of regional organic matter. Soil salinity and gypsum
content of the soil are the most important factors influencing

the desertification phenomenon (Basso et al. 1999). Soil gyp-
sum with high salt, which is added to the soil surface, causes
the soil surface to become very light (Fig. 4). Thus, high soil
erodibility in late winter to early summer is due to the peak of
the dry surface soil. Furthermore, it coincides with the maxi-
mum amount of wind erosion as we observed that wind ero-
sion is extremely high in the area in these months. In

Fig. 4 Soil map Classification (where a is soil texture, b chloride, c electrical conductivity (EC), d soil gypsum percentage, e content of HCO3
−, f

content of the soil sodium, g percentage of the organic matter, h pH, j sodium absorption ratio (SAR), and k is final soil map)
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evaluation of desertification in the Zarin-dasht in Fars prov-
ince by MEDALUS model, Farajzadeh and Nik Egbal (2007)
concluded that among soil indicators, soil salinity index (EC)
has the greatest effect on desertification area. Also, high soil
salinity decreases osmotic potential in soil and due to lack of
sufficient moisture in the soil, reduces the available water to
be absorbed by plant roots and while more than half of the area
is devoid of vegetation, the wind can easily contact with soil

causing soil erosion. High percentage of gypsum in the region
(average percent 57.16) also causes loss of soil structure and
soil surface density become light (Ahmadi 2011), due to the
increase of soil erosion. Albaladejo et al. (1988) studied effec-
tive criterion on desertification phenomenon and concluded
that soil is the most important criterion influencing desertifi-
cation. The highest salinity is observed at 5.2 units, which
include agriculture abandonment. In this unit, the use of poor

Table 6 Average real soil indices data for each land unit in the study area

Land unit pH Na (ppm) OM (%) EC (ds/cm) HCO3 (meq/l) CL (meq/l) Gypsum (%) SAR Texture

3 7.9 1569 0.7 44.1 21.7 495 5.1 212 Sandy clay loam

4 7.9 3689 0.6 78.8 21.7 1257 10.6 936 Silt loam

5.1 7.9 1129 0.9 23.7 20.0 326 5.9 242 Clay loam

5.2 8.0 4150 0.6 78.9 15.2 1226 10.8 732 Clay loam

6.1 8.5 4503 0.2 91.3 15.8 1424 14.3 1097 Sandy clay loam

6.2 7.9 3813 0.3 83.2 15.5 1284 11.9 813 Clay loam

8.1 7.7 553 0.3 19.9 18.1 234 6.3 104 Sandy clay loam

Fig. 4 continued.
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water quality for irrigation of the farm land increases the soil
salinity. These abandoned lands and cultures of the surround-
ing lands usually evolve to a desert and rangelands are spread.

Summary and conclusion

Using GIS spatial interpolation data analysis has particular
importance, since many of the maps used in GIS operations
are being manufactured by interpolation. In fact, the smooth
and continuous production models of the spatial and temporal
distribution of data through interpolation is possible. In local
climate, soil criterion is the most significant factor affecting
vegetation condition. Furthermore, vegetation condition di-
rectly influences on the status and severity of the erosion (wa-
ter and wind). In this case, presence of vegetation, in addition
to windbreaker effect, leads to varied surface roughness layer
and prevented the incidence by the wind directly in the soil.
As a result of the high level of salt and gypsum in the soil, soil
structure collapses and surface materials become lightweight,
these are the factors causing an increase in soil erodibility,
consequently, erosion can be severe. It can also be concluded
that in the desert, toward the center of the plain, land degra-
dation is increasing. As a result, the soil criterion acts as the
main factor influencing the erosion and desertification condi-
tions. The desertification of the region can be studied with the
same conditions and can be evaluated by soil criterion. Soil
conditions can also be improved by performing operations
such as proper drainage, carminative construction, and plant-
ing salt tolerant crops.

References

Ahmadi H (2011) Applied geomorphology—wind erosion, volume II,
Tehran University Press. (In Persian)

Albaladejo J, Murcia G, Chisci P, Gabriels D, Gent JL, Rubio V, Stocking
MA (1988) Soil degradation and its impact on desertification: a
research design for Mediterranean environments. Soil Technol 1:
169–174

Amezketa E (2006) An integrated methodology for assessing soil salini-
zation, a pre-condition for land desertification. J Arid Environ 67(4):
594–606

Basso F, Belloti A, Fareta S, Ferara A, Marino G, Pisante M, Quaranta G,
Tabemer M (1999) The Agri Basin In: Basso et al, 1999.
Mediterranean desertification and land use. manual on key indica-
tors of desertification and mapping environmentally sensitive areas
to desertification, in: ftp://ftp.Fao.Org/agl

Bohling G (2005) Introduction to geostatistics and variogram analysis,
assistant scientist Kansas geological survey. Ferro V, Giordano G.
and Lovino M. (1991). Iso erosivity and erosion risk map for Sicily.
Hydrol Sci J 36(6):549–564

Castellano MJ, Valone TJ (2007) Livestock, soil compaction and water
infiltration rate: evaluating a potential desertification recoverymech-
anism. J Arid Environ 71:97–108

D’Odorico P, Bhattachan A, Davis KF, Ravi S, Runyan CW (2013)
Global desertification: drivers and feedbacks. Adv Water Resour
51:326–344

Dregne HE (1998) Desertification assessment. In: Lal R, Blum WH,
Valentine C, Stewart BA (eds) Method of assessment for soil deg-
radation. CRC Press, New York, pp 441–458

FAO (1988) Soil map of the world. Revised legend. Reprinted with cor-
rections. World Soil Resources Report 60. FAO, Rome

Farajzadeh M, Nik Egbal M (2007) Evaluation of MEDALUS model for
desertification hazard zonation using GIS; study area: Iyzad Khast
plain, Iran. Pak J Biol Sci 10:2622–2630

FRW (Forest, Range, and Watershed Management Organization) (2004)
National action program for combating desertification and mitiga-
tion of drought impacts. Iran

Hirsche K, Boerner S, Kalkomey C, Gastaldi C (1998) Avoiding pitfalls
in geostatistical reservoir characterization: a survival guide. Lead
Edge 17:493–504

HohnME (1988) Geostatistics and petroleum geology. Kluwer Academic
Publisher, Netherlands

IBM Corp. Released 2012. IBM SPSS statistics for windows, version
21.0. IBM Corp., Armonk

Jacob HD, Clarke GT (2002) Methods of soil analysis, physical methods
(part 4). Soil Science of America, Inc, Madison

Johnston K, Ver Hoef JM, Krivoruchko K, Lucas N (2001) Using
geostatistical analyst. Environmental Systems Research Institute,
Inc (ESRI)

Karimzadeh H R (2002) Development and evolution of various land-
forms and soils and Eroded sediments offspring in the East region
of Isfahan. Ph.D. Dissertation, College of Agriculture, Isfahan
University of Technology. (In Persian)

Khanamani A, (2011) Desertification Evaluation with MEDALUS
Models in East of Isfahan, Department of Natural Resources,
Isfahan University of Technology, Isfahan, Iran

Kosmas C, Poesen J, Briassouli H (1999) Key indicators of desertification
at the environmentally sensitive areas (ESA) scale. In: Kosmas C,
Kirkby M, Geeson N (eds), the Medalus Project: Mediterranean
Desertification and Land Use. Manual on Key Indicators of
Desertification and Mapping Environmentally Sensitive Areas to
Desertification. Project report. European Commission

Ladisa G, TodorovicM, Trisorio Liuzzi G (2002) Characterization of area
sensitive to desertification in southern Italy, Proc. of the 2nd Int.
Con., on new trend in water and environmental engineering for
safety and life

Lian Zhou R, Qiang Li Y, Lin Zhao H, Drake S (2008) Desertification
effects on C and N content of sandy soils under grassland in Horqin,
northern China. Geoderma 145:370–375

Lu GY,Wong DW (2008) An adaptive inverse-distance weighting spatial
interpolation technique. Comput Geosci 34:1044–1055

Sepehr A, Hassanali AM, Ekhtesasi MR, Jamali JB (2007) Quantitative
assessment of desertification in south of Iran using MEDALUS
method. Environ Monit Assess 134:243–254

Shabani A, Matinfar HR, Arekhi A, Rahimi Harabadi S (2011) Modeling
rainfall erosivity factor using geostatistic techniques (case study:
Ilam dam watershed). Journal of Applied RS & GIS Techniques in
Natural Resource Science 2(2):55–67 (in Persian)

Sparks DL, Page AL, Helmke PA, Leoppert RA, Soltanpour PN,
Tabatabai MA, Johnson CT, Sumner ME (1996) Methods of soil
analysis, chemical methods (part 3). Soil Science of America, Inc,
Madison

Takar A, Dobrowolski JP, Thurow TL (1990) Influence of grazing, veg-
etation life-form, and soil type on infiltration rates and interrill ero-
sion on a Somalian rangeland. J Range Manag 43:486–490

Tuominen S, Fish S, Poso S (2003) Combining remote sensing data from
earlier inventories and geostatistical interpolation in multi-source
forest inventory. Can J For Res 33:624–634

UNEP (1992) World atlas of desertification. Edward Arnold, London

Arab J Geosci (2017) 10: 287 Page 9 of 10 287

ftp://ftp.fao.org/agl


USDA (2010) Keys to soil taxonomy, by soil survey staff. 11 edition,
Michael L, Golden director, Soil Survey Division, Natural
Resources Conservation Service

Webster R, Oliver M A (2000) Geostatistics for environmental scientists,
Wiley press

Yong Zhong S, Lin Zhao H, Zhi Zhao W, Hui Zhang T (2004) Fractal
features of soil particle size distribution and the implication for in-
dicating desertification. Geoderma 122:43–49

Zahedi Amiri Gh (1998) Relation between ground vegetation and soil
characteristic in a mixed hardwood stand, Ph.D. thesis, university
of Gent, Belgium, academic press

Zobeck TM (1991) Soil properties affecting wind erosion. J Soil Water
Conserv 46:112–118

287 Page 10 of 10 Arab J Geosci (2017) 10: 287


	Assessing desertification by using soil indices
	Abstract
	Introduction
	Material and methods
	The study area

	Methods
	Geostatistical analysis
	Variogram
	Statistical analyzes

	Results and discussion
	Summary and conclusion
	References


