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Abstract 4 

In Iran, desertification is usually caused by both nature and humans̓  greedy behaviors such that, 5 

more than 75% of the country's area is dominated by arid zones, and most of the ecosystems are 6 

being destroyed due to human activities currently known as the main environmental hazard in 7 

Taybad-Bakharz region located in northeastern Iran. Thus, the present study was conducted to 8 

evaluate the effects of these measures on the desertification phenomenon generated from climate, 9 

soil, vegetation, socio-economic, erosion, and groundwater factors in the Taybad-Bakharz region 10 

over the past 40 years (1977-2016). Besides mechanical actions e.g., the establishment of water-11 

saving structures, gabions, and check-dams, a wide array of biological action plans was set out 12 

across the prone-regions over the last few years such as vegetation restoration plans utilizing 13 

resistant species like Haloxylon persicum and Tamarix spp. Results indicated an ascending trend in 14 

desertification hazard (from 2.17 to 2.25) despite the supports devoted to environmental protection 15 

and management of desertification. Despite partially stabilized dunes and decreased Aeolian 16 

activities, the lack of attention to the anthropogenic activities such as agricultural practices, mining, 17 

over-pumping the groundwater resources, overgrazing, etc., either directly or indirectly related to 18 

people’s livelihood has led to a rise in desertification hazard.  19 

Keywords: Action Programs, Combating the Desertification, Monitoring, Land -Use Change, Iran. 20 

 21 

1. Introduction 22 

For a long time, desertification has been mostly recognized as one of the major environmental 23 

hazards worldwide. This phenomenon influences arid, semi-arid, and dry sub-humid regions 24 

greatly, even though its consequences cover other regions as well. Iran, located on the arid belt 25 
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of the world possessing more than 75% of arid and semi-arid areas is bounded by deserts from 26 

the west to the east. According to the formal statistics, desertification has threatened Iranians' 27 

livelihood since a long time ago; however, civilization, science, and the culture of the Persian 28 

people have been based on adaptation to both desert and semi-desert circumstances. In recent 29 

decades, Iran's ecosystem status has been changed due to the development of technology, 30 

overexploitation, overpopulation, and wrong environmental policies qua the civilization 31 

collapse is predictable due to the ecosystem death across the arid zones of the country. Water 32 

scarcity, dry lakes, land subsidence, dust storms, sand intrusion, flood, air pollution etc., are 33 

considered as the major negative consequences of desertification processes. During the last 34 

decade, a global alliance has been formed to combat desertification, but desertification 35 

processes seem to be stronger in terms of power and speed than what the policy-makers 36 

imagine. Tombolini et al., (2016) have investigated spatial convergence in Land Vulnerability to 37 

Degradation (LVD) using the Environmental Sensitive Areas Index (ESAI) across 773 agro-38 

forest districts in Italy. They showed that the average ESAI score increased in half of the 39 

districts between 1960 and 2010. Convergence has occurred in the flat and highly accessible 40 

rural districts over northern Italy (1960-1990) and seemed to be even higher in the broader 41 

districts, whereas being moderate over the southern and central Italy during the 1990s - 2000s. 42 

Yang et al., (2007) have monitored the desertification process in northern China during the last 43 

three decades. They showed an ascending trend regarding grazing intensity during 1960 - 1970. 44 

They claimed that climatic fluctuations have played a key role in initiating desertification after 45 

the 1970s. Yan et al., (2009) have assessed the desertification trends considering Aeolian 46 

parameters during 1975-2005 in a watershed located in the Longyangxia reservoir in the upper 47 

reaches of China's Yellow River. They indicated an accelerating trend of Aeolian desertification 48 

between 1975 and 1989. The ratio of desertification has decreased following an increasing trend 49 

in rainfall in the 1990s. Therefore, the role of climate factors got bolded as driving forces for 50 

Aeolian desertification in the Yellow River. In China, desertification control projects mainly 51 
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focus on the environmental factors compared to climatic factors such as projects of afforestation 52 

and development of the rocky surfaces (Qi et al., 2012; Zhang et al., 2016). Wang et al., (2010; 53 

2017) have evaluated the effects of reclamation programs on combating the desertification and 54 

controlling dust storms in China. They showed that restoration programs did not tangibly 55 

prevent desertification progress and the dust storms. Wijitkosum (2016) in a study conducted in 56 

southern Thailand presented similar results. Xue et al., (2013) have investigated Aeolian 57 

desertification changes in the northwestern Shanxi Plateau during 1975-2010. They indicated 58 

that the Aeolian desertification process essentially comes from both the natural factors (as 59 

prerequisite factors) and human activities (as primary and direct driving forces). Similarly, 60 

Khormali et al., (2009) have assessed the role of deforestation and cultivation on soil quality 61 

attributes of loess-derived soils in Golestan province, Iran. They showed significant 62 

deterioration in soils' physical, chemical, biological, and micromorphological indicators. 63 

Besides, Soil quality indicators had significant correlations with land use type, land use change, 64 

intrinsic soil properties  and pasture degradation in semiarid region of western Iran (Ayoubi et 65 

al, 2014; Ayoubi et al, 2018). Many action measures have been taken for combating 66 

desertification around the world so far.  However, few studies have analyzed the effectiveness 67 

of these measures on the desertification trend distinctively. Taybad-Bakharz region, located in 68 

northeastern Iran is severely exposed to desertification processes. Hence, various action 69 

programs for combating desertification have been utilized to rebate the consequences during the 70 

last few years.  Therefore, the present study was carried out to evaluate the effects of action 71 

programs for combating desertification in the study region by monitoring and assessing the 72 

phenomenon for two-time phases during 1977-2016.  The main question is whether these 73 

projects have led to positive outcomes regarding desertification reduction.  74 

2. Materials and Methods 75 

2.1. Study Region  76 
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This study was carried out in Taybad-Bakharz region located in an arid and semi-arid zone in 77 

Khorasan Razavi province, northeastern Iran with an area of 4800 km2 (Fig. 1) and a population 78 

of approximately 160,000  people in which over 70% of the rural people’s livelihood is based 79 

on livestock and the occupation of the rest of them is farming. The annual precipitation varies 80 

between 100 - 250 mm. The average annual temperature is about 16 ̊C, with an average of 42 ̊C 81 

in summer. Furthermore, the annual actual evapotranspiration ranges from 800 to 2100 mm.  82 

Additionally, wind velocity has been reported in a range of 5.3 - 6.8 m/s, with a maximum peak 83 

in May. Moreover, the 120 –day wind phenomenon occurs annually in the region. The Kavir 84 

areas (salty-clay pans and Sabkha) are the smallest zones, and low-level pediment fan and 85 

valley terrace deposits mostly cover the studied region. Furthermore, most geomorphology 86 

facies involve badlands and pediment deposit surfaces concentrated on the east and northwest of 87 

the region, where land-use is mainly agriculture and cultivated areas (Sarparast et al, 2018). 88 

 89 

Fig1. Location of the study region 90 
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 91 

 92 

2.2. Methodology 93 

This study is based on the ESAs1 project (Kosmas, 1999) mainly defining the factors and the 94 

combination of indicators forming the framework of the involved algorithm for assessing the 95 

desertification processes. The methodology is composed of 5 steps including investigation of the 96 

plans involved in combating the desertification in the study region, defining and assessing the 97 

factors involved in desertification severity, analysis of desertification trend regarding action 98 

programs, identifying the reciprocal effect of land-use changes on the plans for combating the 99 

desertification (positive and negative effects on desertification hazard), calculating desertification 100 

hazard indices and finally, identifying the main criteria influencing desertification hazard regarding 101 

conditional inference trees.  Data processing, calculations, and mapping were carried out using R 102 

software, gstat (Pebesma, 2004), rgdal, rgeos, (Bivand, 2017), sp (Bivand et al., 2014), RSAGA 103 

(Brenning, 2008), map (Tennekes, 2017), map tools (Bivand and LewinKoh, 2017), spatstat 104 

(Baddeley, 2013), raster (Hijmans, 2017), rasterVis (Perpinan and Hijmans, 2017), LSRS 105 

(Sarparast, 2017), xts (Ryan and Ulrich, 2017), changepoint (Killick and Eckley, 2014), and deldir 106 

(Turner, 2017) packages. 107 

2.2.1. Measures for Combating the Desertification 108 

Anti-desertification programs in the study region involved biological, physical, and management 109 

actions concerning the vegetation growth, ecological restoration, and mechanical plans considering 110 

watershed management measures. In this research, measures for combating the desertification were 111 

categorized into three measures under two-time phases; firstly between 1977 and 2000 termed here 112 

as FP2 and secondly between2000 and 2016 termed as SP3. The details of the measures are 113 

described in Table 1.  114 

                                                             
1
 - Environmental Sensitive Areas 

2 First Phase 
3 Second Phase 
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 115 

 116 

T able 1. Measures for combating the desertification  117 

project type mechanical  

(case-number) 

biological 

 (area-ha) 

management 

(conservation, ha) time phases 

1977-2000 (FP) 32 8000 2000 

2000-2016 (SP) 37 1500 21000 

total 69 9500 23000 

 118 

Anti-desertification actions included mechanical and biological measures such as the establishment 119 

of water-saving structures, gabions, and check-dams, improvement of Qanat and water-wells, 120 

vegetation establishment, seeding, and biological shelterbelts (Fig. 1). Management action involved 121 

conservation practices including all the sustainable aspects of the ecosystem as well as every other 122 

human manipulation implemented in the region.  123 

2.2.2 Desertification Assessment  124 

Regarding the desertification assessment, based on expert’s opinions, statistical methods (Sarparast 125 

et al, 2018), and the present status of desertification process, seven factors influenced the 126 

desertification in the region were considered each with some minor indicators representing the 127 

quality of the factor and its capability to be monitored during time courses (Table 2).  128 

Table 2.The main factors influencing desertification processes and their representative indicators  129 

 130 

 131 

 132 

 133 

 134 

 135 

 136 

Factors Indicators  
Climate (CQI) 
 
Soil (SQI) 
 
Geology (GQI) 
 
Vegetation (VQI) 
  
Erosion (EQI) 
 
Groundwater (GWQI) 
 
 
Social-Economic (S-EQI) 

Aridity index ( precipitation, evapotranspiration) 
 
Topsoil Grain Size Index (TGSI) 
 
geology 
 
Normalized Difference Vegetation Index (NDVI),  
Modified Soil-Adjusted Vegetation Index (MSAVI) 
wind erosion, water erosion 
 
Electrical Conductivity (EC), Sodium Adsorption Ratio 
(SAR) 
Groundwater Depletion (GWD) 
livelihood ( yearly income related to livestock and farming) 
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 137 

 138 

The quality layers were classified into four quantitative and qualitative classes (Table 3). As the 139 

quality layers were allocated for every seven factors, the hazard index for desertification status was 140 

calculated using the geometric mean of the quality layers (Equation (1)). 141 

    
1
7( * * * *( )* * )DH CQI SQI GQI VQI S EQI EQI GWQI= −           (1)  142 

where DH is the desertification hazard value. A Land Unit Map (LUM) was provided to investigate 143 

the quality of each criterion and desertification status based on geomorphological facies (Sarparast 144 

et al., 2018). 145 

Table 3. Quantitative and qualitative classes for the factors influencing the desertification and desertification 146 

hazard status 147 

Class Interval score Sensitive degree to desertification Desertification Hazard 

1 0-1.5 Low Low 

2 1.6-2.5 Medium Moderate 

3 2.6-3.5 High High 

4 3.6-4 Very high Severe 

 148 

Precipitation and evapotranspiration were considered to calculate the aridity index based on The 149 

United Nations Environmental Program (UNEP) (1993) (Equation (2)).  150 

                                                                                                                                (2) 151 

where, P and PET are the annual precipitation and potential evapotranspiration (mm), respectively. 152 

All the obtained values of less than 1.0 show an annual moisture deficit in moderate climatic 153 

conditions (Table 5). Precipitation gradients were calculated for each of 32 considered stations over 154 

the region based on Equation (3):  155 

                                                                                  (3) 156 

P
AI

PET
=

*0.1411 41.7P E= +
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where, P and E are precipitation and elevation, respectively. 157 

Potential Evapotranspiration (PET) was also calculated using the Thornthwaite (1948) method 158 

(Equation (4)). 159 

                                                                (4) 160 

where, PET is the potential evapotranspiration (mm/month), N, d, t and I represent the theoretical 161 

sunshine hours, the number of days for each month, the mean monthly temperature and the annual 162 

heat index, respectively. I was calculated based on Equation (5). 163 

                                                                                                  (5) 164 

Ultimately, α is an exponent ranging from 0 to 4.25 described by the following expression. 165 

  166 

All the processes were run using the Standardized Precipitation-Evapotranspiration Index (SPEI) ( 167 

Thornthwaite Function) package (Beguería and Vicente-Serrano, 2017) in the R software 168 

environment. In this study, peoples' livelihood status was also regarded as a desertification index. 169 

Livelihood index indicates the percentage of the rural and urban populations earning their annual 170 

income from livestock products or farming activities. The classes of livelihood index were 171 

determined based on the correlations between peoples' annual income and desertification hazard 172 

classes (Table 5) using the ESAs method (Sarparast et al., 2018). 173 

RUSLE (Revised Universal Soil Loss Equation) (Renard et al., 1997) was applied to calculate the 174 

water erosion intensity (Equation (6)): 175 

                                                                                     (6) 176 

where A is the annual soil loss for rill/sheet erosion (t/ (ha*year)), R is the rain erosivity factor 177 

(MJ.mm.ha-1.h-1.y-1) (Wischmeier and Smith, 1978), K is the soil erodibility factor (T.h / 178 

MJ.mm), LS is the combined topographic slope-length and slope steepness factor (dimensionless), 179 

C (exp (2.5NDVI/1-NDVI)) (Knijff et al., 1999) is the vegetation cover factor (cover management 180 

factor) (dimensionless), P is a factor related to the practices for erosion reduction (support practice 181 

10
16

12 30

N d t
PET

I

α
   =    
   

1.51412

1 5i

t
I

=

 =  
 

∑

( ) ( ) ( )9 3 7 2 5675*10 * 771*10 * 1792*10 * 0.49239I I Iα − − −= − + +

  * * * *A R K LS C P=
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factor) (dimensionless) (Santini et al., 2010). Finally, the severity of water erosion was classified 182 

into four classes (Table 5). 183 

The effectiveness of nine major factors influencing wind erosion was evaluated based on IRIFR1 184 

(Sepehr et al., 2007) to calculate wind erosion intensity (Table 4).  185 

Table 4. Effective factors on wind erosion 186 

Factor Ranking value 

Lithology 0-10 

Landform and topography 0-10 

Speed and wind conditions 0-20 

Soil surface covering -5-15 

Vegetation cover density -5-15 

Soil surface erosion manifestations 0-20 

Soil moisture 0-10 

Type and distribution of wind deposits 0-10 

Management and land use -5-15 

 187 

The severity of soil erosion and sediment yield is a function of nine factors influencing the wind 188 

erosion classified into four classes (Equation (7) and Table 5). 189 

                                                                            (7) 190 

where, Qs and R represent annual sediment yield (ton/ha*year) and degree of sediment (Total 191 

Scores of nine effective factors), respectively. Considering the quality of soil layers, the Topsoil 192 

Grain Size Index (TGSI) was calculated using the method proposed by Xiao et al., (2006) (Equation 193 

(8)). A high value for TGSI indicates a high content of fine sand particles on the topsoil with low 194 

content of clay-silt grains.  195 

                                                                (8) 196 

 197 

                                                             
1
 Iran Research Institute of Forest and Rangelands 

( )Qs=41* 0.05EXP R  

 
 

Red Blue
TGSI

Red Blue Green

−=
+ +
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where, Red, Blue, and Green are known as the red, blue, and green spectral bands of satellite 198 

images, respectively. TGSI is an index applied to identify the texture of the topsoil layer and/or 199 

analyzing different sizes of the soil particles. 200 

Negative marks or those close to 0 for TGSI indicate zones with vegetation cover or water bodies. 201 

Furthermore, the scores almost close to 0.20 show the high substance of fine sand. TGSI map was 202 

acquired from Landsat (5 and 8) satellite images for two-time phases and was processed using the 203 

Land Surface Remote Sensing (LSRS) package.  204 

 Normalized Difference Vegetation Index (NDVI) (Knijff et al., 1999) (Equation (9)) and Modified 205 

Soil-Adjusted Vegetation Index (MSAVI) (Qi et al., 1994) (Equation (10)) were considered to 206 

calculate the vegetation cover quality. MSAVI is usually calculated to decrease the NDVI 207 

limitations in the regions with a high portion of bare soil surfaces. 208 

                                                                                        (9) 209 

           (10) 210 

where, L is the soil brightness correction factor, calculated by Equation (11).  211 

                                                   (11)    212 

where S is the slope of the soil line from a plot of red versus near-infrared brightness values. 213 

Finally, vegetation cover and soil quality index were classified based on Table 5.  214 

NDVI and MSAVI maps were acquired from Landsat (5 and 8) satellite images for two time 215 

periods and were processed using the LSRS package. Electrical Conductivity (EC) and Sodium 216 

Adsorption Ratio (SAR) were the main parameters to determine the groundwater quality based on 217 

the U.S. Geological Survey (USGS) (2016). The Inverse Distance Weighted (IDW) index was used 218 

to interpolate the involved parameters. Groundwater depletion was estimated and classified based 219 

on the water levels over 34 monitoring wells for 10 years (Tables 4 and 5). Data processing was 220 

carried out in the R software environment using the gstat and sp packages. Details of the main 221 

factors and their indicators as well as desertification status are listed in Table 5. 222 

 223 

 224 

 225 

NIR Red
NDVI

NIR Red

−=
+

( )
( ) ( ) * 1                                                  

NIR Red
MSAVI L

NIR Red L

−
= +

+ +

( ) ( )
( )

2* * * *  
 

S NIR Red NIR S Red
L

NIR Red

− −
=

+
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Table 5. Qualitative and quantitative classes for the main factors and their representative indicators 226 

 227 

 228 

2.2.3 Land -Use Change Detection 229 

To identify the positive effects of the projects for combating desertification, in this section, it was 230 

attempted to find out whether the usual land-use changes would influence the measures for 231 

combating desertification. Landsat satellite imageries were downloaded from the following website 232 

(https://earthexplorer.usgs.gov) for different periods of 1977, 2001, and 2016 to detect land-use 233 

changes. Table 6 shows the characteristics of the downloaded imageries.   234 

 235 

 236 

Criterion indices representing 
quality 

Quantitative and qualitative classes Sensitive degree to 
desertification 

Climate  
 
 
 
 
 
 
Soil  
 
 
Geology 
 
Vegetation 
  
 
 
 
 
 
Erosion 
 
 
 
 
 
 
 
Ground water 
 
 
 
 
 
 
 
Social-Economic 

aridity index 
 
 
 
 
 
 
 TGSI 
 
 
 
 
 NDVI, MSAVI 
 
 
 
 
 wind erosion 
 
 
 
 
water erosion 
 
 
 
 EC  
SAR 
 
 
GWD 
 
 
 
 
Livelihood 

AI < 0.20 
0.20 < AI < 0.50 
0.50 < AI < 0.65 
AI > 0.65 
 
Clay and clay loam 
Fine loam 
Coarse loam 
Sandy and sandy loam 
 
Constant for  two periods 
<6% (.001-.1:C factor) 
6-25 (0.11-0.125) 
26-40 (.126-.134) 
>40 (.135-.15) 
 
<5 (ton/ha/year) 
5-20 
20-35 
>35 
 
<5(ton/ha/year) 
5-15 
15-25 
>25 
 
USGS classification 
USGS classification 
 
<20 cm per year 
20-60 
60-90 
>90 
 
Less than 10% of the population  
10 to 40 % of the population  
40 to 70 % of the population  
More than 70% of the population 

Very high 
high 
Medium 
Low 
 
Low 
Medium 
High 
Very high 
 
 
Low 
Medium 
High 
Very high 
 
Low 
Medium 
High 
Very high 
 
Low 
Medium 
High 
Very high 
 
 
 
 
Low 
Medium 
High 
Very high 
 
Low 
Medium 
High 
Very high 
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 237 

Table 6. Data type and technical properties of satellite images  238 

Year Produced  Satellite type Image Date Spatial Resolution 

 

sensor 

1977 Landsat2 13 May 60m MSS 

2001 Landsat5 13 May 30m TM 

2016 Landsat8 25 May 30m OLI  

 239 

Afterward, the quality of satellite images was investigated for the presence of geometric and 240 

radiometric errors, such as striping, atmospheric interference, skewing on the scan line, and 241 

projection distortion. The false-color composite (bands 7,4,and1) was prepared for each satellite 242 

image to truly identify the Earth's surface condition (Khoi and Murayama, 2010). Furthermore, the 243 

land -use map was prepared for three different time scales (1977, 2001, and 2016) to monitor the 244 

changes occurred in the land use/land cover over time. The supervised classification method was 245 

applied using the Maximum Likelihood algorithm (for all spectral bands except the 6th band) to 246 

prepare the final land -use maps. For this purpose, the topographic maps obtained from the National 247 

Cartographic Agency (NCA) (at the scale of l: 25000), as well as aerial photographs (at the scale of 248 

1:20000) and regional land -use maps were used. ENVI 4.8 and R (raster, sp, and rgdal packages) 249 

software packages were used to analyze the collected data and process the satellite imageries.  250 

2.2.4 Conditional Inference Trees 251 

Conditional inference trees estimate a regression relationship by binary recursive partitioning in a 252 

conditional inference framework. Regarding the implementation, a united framework is used for the 253 

conditional inference or permutation tests developed by Strasser and Weber (1999). Generally, the 254 

algorithm works as follows: Firstly, it tests the global null hypothesis for the independence between 255 

indicators and desertification hazard value. Then, it stops if the null hypothesis is not rejected. 256 

Otherwise, it selects the indicator with the strongest association (using p-value) with the 257 

desertification hazard value. Then, it implements a binary split for the selected indicator and finally, 258 

recursively repeats the previous steps. Conditional inference trees were depicted using the party kit 259 

package in the R software environment (Zeileis et al., 2008). 260 

The flowchart of the applied methodology is shown in Fig. 2. 261 
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 262 

 263 

 264 

 265 

 266 

 267 

 268 

 269 

 270 

 271 

 272 

 273 

Fig2. The general outline of the methodology used in the study 274 

 275 

3. Results  276 

3.1 Desertification Hazard  277 

Annual rainfall ranges from less than 150 mm to more than 260 mm in the study region. This varies 278 

between 800 - 2000 mm in terms of annual evapotranspiration (Fig. 3). Based on the calculated 279 

aridity indices, a majority of the Taybad-Bakharz region is located in the arid and semi-arid areas, 280 

hence, is extremely sensitive to desertification processes. Given the low climatic variability in the 281 

region, the aridity index was considered constant for both time phases. 282 

 283 

 284 

 285 

 286 

 287 

 288 
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 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

Fig3. Distribution of A) precipitation B) evapotranspiration and C) aridity index 300 

The increased livelihood index in the second time phase indicated an increased human-induced 301 

pressure on the environment in the Second Phase (SP) additionally, it showed a higher dependence 302 

of local peoples' livelihood on natural resources as well. This, in fact, is relevant to the growth of 303 

agricultural activities resulting from the abandonment of groundwater discharge and technological 304 

developments. Its average growth rate is noteworthy in the second phase (from 2.56 to 3.1). If the 305 

trend continues, the desertification class relevant to peoples' livelihood status will surely tend to be 306 

very high. 307 

Water erosion occurs in the studied region due to the pressure caused by agricultural and livestock 308 

activities. This phenomenon is dominant in the northern half of the region. Water flows strongly 309 

influence the northern parts because the direction of the flows is southwards.  The maximum of soil 310 

loss belonged to the areas with either low or no vegetation cover. These areas mostly include 311 

badlands and damaged areas formed due to overgrazing. Erosion class has almost remained constant 312 

in the region for both periods. However, its distribution has changed in some parts of the region 313 

especially in areas where vegetation rehabilitation and preservation and conservational actions have 314 

been programmed (Fig. 4).  315 

A B C 
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 316 

 317 

 318 

 319 

 320 

 321 

 322 

  323 

Fig4. The rate of water erosion in Taybad-Bakharz region for two time periods (FP and SP) 324 

C factor values in the areas under conservation measures were calculated as 0.133 and 0.141 for the 325 

first and second-time phases, respectively. 326 

Wind erosion showed a complex condition in the Taybad-Bakharz region. This index is influenced 327 

by several parameters. It is the most important obstacle to sustainable development in the southern 328 

parts. Wind erosion rates range from 10 to 45 tons per hectare in different parts of the region with 329 

the maximum amount belonging to the southern parts in which adjacent desert territories are located 330 

(Fig. 5). A type of sand intrusion was observed in the southern parts of the region, which seems to 331 

be stabilized from the previous years. As a result, wind erosion reduced a bit in these parts. This 332 

decrement is primarily due to the rehabilitation of vegetation cover. Moreover, irrigated agriculture 333 

on the sandy lands depending on groundwater discharge has partly created the barriers against wind 334 

erosion. Nevertheless, the problem will become worse when the groundwater discharge stops, and 335 

sandy farms are exposed to wind power (Fig.5). 336 

 337 

 338 

 339 

 340 
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 341 

 342 

 343 

 344 

 345 

 346 

 347 

 348 

 349 

 350 

 351 

Fig5. The rate of wind erosion in Taybad-Bakharz region for two time periods A) first phase B) the second phase 352 

  353 

The average wind erosion was observed in highly sensitive areas. Although the changes were not 354 

substantial, they showed a slowly ascendant trend. TGSI values ranged from -0.4 to 0.6 with an 355 

average of 0.14 in the first phase. It also ranged from -0.2 to 0.6 with an average of 0.06 in the 356 

second phase, possibly attributing to the vegetation recovery on sandy lands over the past 40 years. 357 

Nevertheless, the vegetation density decreases in the rangelands. A change in the TGSI value was 358 

observed in the areas where the vegetation cover was either rehabilitated or destroyed due to 
359 

overgrazing. There were significant changes in the TGSI values for the rehabilitated areas in which 360 

the measures for combating the desertification have been programmed. The TGSI value was 361 

calculated for the first and second phases as 0.123 and 0.071, respectively. This change in the TGSI 362 

value reflected a soil texture alteration under the influence of vegetation recovery processes 363 

meaning that sandy loam soil textures have been converted into the finer textures (Fig. 6).  364 

 365 

 366 

A B 
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 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

Fig 6. Changes in the TGSI index in rehabilitated regions for two time periods A) first phase B) the second phase  376 

 On the one hand, NDVI values ranged from -0.4 to 0.6 with an average of 0.05 in the first phase, 377 

on the other hand, it ranged from -0.2 to 0.4 with an average of 0.083 in the second phase. This rise 378 

in the NDVI values may occur as a result of vegetation growth caused by the rehabilitation and 379 

agricultural actions on the sandy lands over the past 40 years.  The trends in the MSAVI calculated 380 

for areas with a high portion of bare soil surfaces were similar to those of the NDVI. The average 381 

values were calculated as 0.48 and 0.66 for the first and second phases, respectively.  382 

 Groundwater quality analysis revealed the following results.EC and SAR showed an ascending 383 

trend in the southern part of the region. This displacement tended towards areas with the highest 384 

water depletion. In the northern part, there were no changes in all the groundwater quality 385 

parameters because these areas are far from desert borders as well as fresh and saltwater boundaries. 386 

Furthermore, there are a few deep wells causing water depletion in these areas. In the southern 387 

parts, the salinity increased from 2000 µS /cm in FP to 4000 µS /cm in SP, as shown in Fig.7, when 388 

the pixels with high salinity values exhibit higher density. Hence, these changes in the groundwater 389 
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quality parameters may be ascribed directly or indirectly to depletion of groundwater tables and 390 

movement in fresh and saltwater boundaries. 391 

 392 

 393 

 394 

 395 

 396 

 397 

 398 

 399 

 400 

 401 

 402 

Fig7. Changes in the groundwater quality parameters in Taybad-Bakharz region for two time periods: A) first 403 

phase B) the second phase 404 

During the last 50 years, 344 deep and semi-deep wells have been drilled in the region, which along 405 

with mismanagement in groundwater discharge has led to the use of a large part of lands for 406 

cultivation activities. Conclusively, the average of GWD has been equal to -7.8 meter for the last 10 407 

years (Fig. 8). This depletion is essentially related to the excessive groundwater discharge near-408 

desert border with a low amount of precipitation. 409 

 410 

 411 
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 417 

 418 

 419 

  420 

Fig 8. Changes in the groundwater depletion in Taybad-Bakharz region for the last 10 years 421 

Finally, the average values were calculated for groundwater index as 1.68 and 2.02 for the first and 422 

second phases, respectively meaning an ascending trend for desertification hazard related to 423 

groundwater depletion that is classified into very high class. As expected, the first desertification 424 

symptoms (e.g., land subsidence and dust storms along with migrations) appeared on a short time 425 

scale expressing the beginning of an environmental crisis.  426 

Finally, the desertification status was measured based on Equation (1) for both time phases (Fig. 9). 427 

Results indicated an ascending trend for the desertification hazard value (from 2.17 to 2.25). 428 

 429 
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 449 

 450 

 451 

 452 

Fig 9. Changes in the desertification hazard class in Taybad-Bakharz region for two time periods A) first phase 453 

B) the second phase C) Changes of desertification hazard value in Taybad-Bakharz region for two time periods 454 

(FP and SP) 455 

The area of yellow and orange polygons (high and very high classes) increased in the second phase 456 

meaning that the desertification hazard has gradually become widespread throughout the region. 457 

Desertification hazard class has not changed dramatically in the polygons with rangeland land -use, 458 
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though, in some cases, there was a bit growth. A decrease in the desertification hazard class was 459 

observed for irrigated agricultural land uses attributing to the higher density of surface vegetation 460 

cover as biological barriers against wind erosion. The situation will be reversed if the groundwater 461 

crisis and movement in fresh and saltwater boundary goes on, and the reduction of surface 462 

vegetation cover continues. Moreover, cultivated surfaces provide the opportunity for wind 463 

erosions. The situation became worse in the southern parts of the region near the desert, except for 464 

the areas where the sand has been stabilized by vegetation recovery measures. The average of 465 

desertification hazard value was equal to 2.17 and 2.25 in the first and second phases, respectively. 466 

These values belonged to the medium class. The increase in the desertification hazard class 467 

indicated that the protection and management measures have insufficient efficiency to curb the 468 

desertification processes. Although sand intrusion was found to be restricted to some extent in 469 

urban areas, the situation became worse in the rural areas. Besides, all the areas have experienced 470 

dust storms in dry seasons. 471 

3.2. Land -Use Change 472 

Land -use maps in different time scales (1977, 2001, and 2016) were provided using the Landsat 473 

satellite images (Fig. 10). The region includes five types of land -use:  (1) residential areas, (2) 474 

cropland, (3) salty lands, (4) rangelands, and (5), and barren lands. Results showed that the barren 475 

lands and rangelands account for the highest portion of the study region covering 85.5% of the 476 

region in equal proportions in 1977. This percentage was found to be almost constant in 2001 with a 477 

10 -% reduction in the rangeland areas. However, there was no significant change in 2016. Also, 478 

most of the changes in the barren lands and rangelands have occurred during 1977-2001. The region 479 

of salty lands remained constant with a bit change in the second phase covering 6.5% of the study 480 

region. The proportion of irrigated and rain-fed agricultural lands increased in both time phases 481 

with 2 and 5% of growth during the first and the second phases, respectively. In fact, the percentage 482 

of agricultural areas experienced a steady rise from 7.8% in 1977 to 9.7% in 2001, and 14.3% in 483 

2016. Due to the continuous growth in the population from 50,000 people in 1977 to 160,000 484 
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people in 2016, the growth of the residential area growth was dynamic during two-time phases with 485 

a huge rise from 0.14to 0.4% (Fig.10). The portion of rangeland areas decreased steadily from 42.7 486 

(1977) to 32.2% (2001), and 29.3% (2016). 487 

 488 
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 504 

 505 

Fig10. Comparison of the land-use changes  506 

 507 

The areas under rehabilitation and conservational measures were cropped from the land -use maps 508 

to identify the actual land-use changes (Fig. 10). 509 

 510 

 511 
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 513 
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 515 

 516 

These areas included the agricultural land and rangelands accounting for 20,000 ha of the region. 517 

Therefore, approximately 1 and 3% of the proportion reduced for agricultural land -use and 518 

rangeland land -use areas, respectively. The dissociation of the effects of desertification projects 519 

from land-use changes showed that the change in land use has occurred over 40 years in the 520 

rangelands as well as agricultural and residential areas. Conversion of the rangelands into rain-fed 521 

areas in sloping hillsides has resulted in an increased severity in the region to desertification 522 

processes while the process of converting the rangelands located on lower slopes into irrigated 523 

agricultural lands has led to a decreased severity in the desertification processes through enhanced 524 

vegetation cover where the wind erosion decreases. The process of restoring vegetation cover has 525 

been matched with the growth of residential areas so that, the extensions in the residential areas 526 

have taken place in the vicinity of the rehabilitated areas. Possibly in the future, the extension of 527 

residential areas may lead to the reduction of the areas under rehabilitation measures. Hence, any 528 

change in the land -use types will surely reduce the effect of the projects for combating 529 

desertification. 530 

3.3. Conditional Inference Trees  531 

The analysis of conditional inference trees showed that the livelihood and vegetation indices are 532 

highly correlated with the desertification hazard value for both time phases (Fig. 11). Furthermore, 533 

the null hypothesis of the independence between all the indices and the desertification hazard was 534 

not accepted for both time phases (p values are equal to 0.032 and .0.018 for the first and second 535 

periods, respectively). 536 
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 547 

Fig11. Conditional inference trees for two time periods A) first phase B) the second phase  548 

 549 

4. Discussion 550 

The increase or decrease in the desertification process is influenced by different environmental and 551 

human factors occurring in different weather conditions. The capability of the environment to 552 

rebuild itself has a significant effect on its reversibility to the pre-degradation state. The activities 553 

are done for controlling and mitigation of the desertification process has not been taken into account 554 

comprehensively due to the complexity of this phenomenon. For example, despite the activities 555 

taken to control and mitigate the desertification process, results of the studies conducted by 556 

Tombolini et al., (2016), Yang et al., (2007), Yan et al., (2009), Wang et al., (2010; 2017), 557 

Wijitkosum (2016), Xue, et al., (2013) and Khormali et al., (2009) have shown an increasing trend 558 

for this phenomenon. In conclusion, desertification risk can be measured by considering all the 559 
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related criteria and indicators where the negative and positive effects of these parameters are 560 

modulated.   561 

 562 

5. Conclusion  563 

In recent decades, desertification has been intertwined with the Iranians' life along with dust storm, 564 

poverty, immigration, drought, water scarcity, social instabilities, and respiratory diseases. Taybad- 565 

Bakharz region, located in Khorasan-Razavi province is considered as a borderline point of 566 

northeastern Iran with desert zones and critical conditions making it obligatory to develop the anti-567 

desertification plans. Rehabilitation practices are mostly limited to the cultivation of Halophyte 568 

species in the region. After a sandstorm occurred towards Taybad city in the 1960s, Haloxylon 569 

plantation was regarded as a national strategy in the southern half of the region. Plantation of 570 

Haloxylon greatly inhibited the sand saltation. Besides, a lot of wells have been drilled in this 571 

decade, especially in the southern half parts. With the excessive depletion of groundwater, its 572 

hydraulic slope is slowly changing, and the border of salty water is progressing towards the 573 

northern half of the region. Hence, although restraining of the sands has been stopped, the 574 

phenomenon of desertification still occurs in a new form with a greater force. Finally, it is claimed 575 

that the projects of combating the desertification are ongoing in the region, with a focus on regions̓  576 

hard ecosystem and the lack of attention to the role of the human as an effective and soft system. 577 

Considering the role of human beings, as an effective or better saying the major factor influencing 578 

the planet's environment is among the main principles in designing the plans for combating 579 

desertification. Despite the continuity of these processes during the past 40 years, the increase in 580 

their severity and high hazard has not been as much evident but soon, the hazard class for 581 

desertification would increase because all the desertification stimulus proceedings are on the verge 582 

of a crisis, and in a short time, all the signs and consequences of the desertification malady will be 583 

soon revealed as a result of augmenting the growth factors related to the desertification process in 584 

the region. 585 
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