
 
 

 

 

Abstract—International Convention to Combat 

Desertification (CCD) defines desertification as “land 

degradation in arid, semi-arid and dry sub-humid areas 

resulting from various factors, including climate variations and 

human activities”. Desertification is a self-accelerating process, 

with exponentially rising rehabilitation costs. Biophysical, 

climatological and socio-economical parameters need to be 

integrated for analysis. Remote sensing is an effective 

monitoring technique due to temporal and synoptic data.  

Current work aims at integrating various parameters 

influencing desertification process for estimation of qualitative 

desertification severity using GIS. Proposed method uses 

satellite data as basic input along with climatic, terrain and 

demographic data. Weightage-driven approach is used for 

evaluating desertification severity map using regression 

analysis using field data. Remote sensing based indicators have 

high weightages as compared to ancillary data. The areas under 

medium to high severity classes are stressing the need of 

continuous monitoring and mitigation measures. 

 
Index Terms—Desertification, regression analysis, remote 

sensing and GIS, severity index, weightage driven approach.  

 

I. NEED OF DESERTIFICATION MAPPING 

International Convention to Combat Desertification 

(CCD) adopted by United Nations [1], defines 

desertification as “land degradation in arid, semi-arid and dry 

sub-humid areas resulting from various factors, including 

climate variations and human activities”. The anthropologic 

processes like unplanned developments, human and livestock 

population pressure, industrialisation, urbanisation and 

mining may speed up the desertification process. Around 

90% of two billion people dependent on ecosystems in dry 

lands live in developing countries. Overpopulation causes 

overexploitation of land resources in dry lands [2]. Human 

population pressure is most crucial indicator for 

desertification in a country like India [3]. In India 32.75 

percent of the total geographical area is affected by various 

forms and degree of desertification [4], [5]. The adversely 

changing rainfall pattern and rising trends in temperature are 

making this desertification scenario more severe. 

Agriculture is the backbone of Indian economy which in 

turn is mainly dependant on monsoon. The variation and the 
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distribution of rainfall is not uniform throughout India. The 

country passed through a severe drought phase during 

mid-nineties; the effects of which were extended till early 

millennial years. This phase affected almost 12 states of India 

- especially Maharashtra, Gujarat, Rajasthan, Madhya 

Pradesh and Andhra Pradesh - close to 100 million people 

and 3.4 million cattle were caught in the grip of drought [4]. 

Eastern and central Maharashtra State, India is a severely 

drought prone area [6]. Identification of these susceptible 

areas at district / sub-district level and their severity on 

regular basis is necessary for curbing effects of 

desertification and efficient planning. 

Desertification is a self-accelerating process, feeding on 

itself and rehabilitation costs rise drastically. Preventive and 

rehabilitation measures needs to be taken urgently before the 

cost for rehabilitation increases beyond feasible resources or 

before the opportunity to act is lost forever [7]. 

Desertification is considered to be a consequence of a 

complex mix of hidden and apparent reasons out of which 

drought is considered as most complex and least understood 

cause [8], [9]. Being an assembled process of associated 

activities, desertification brings variations in a particular 

ecosystem and increases the susceptibility of marginally dry 

land [10]. Dry lands are under severe pressure from both 

human activities and severe climatic conditions and need 

better management practices for conservation of ecosystem 

[11]. The process of desertification may aggravate 

temporally due to drought, climate variability, climate 

change, soil erosion, salinity, water logging, population 

pressure, human fallibility and resources exploitation [12]. 

Vulnerability of land towards desertification depends on the 

interactions of natural and human-derived factors [13]. 

Desertification describes circumstances of land degradation 

in arid, semi-arid and dry sub-humid ecosystems resulting 

from the climatic and human activities [14]. 

 

II. REMOTE SENSING AS TOOL FOR DESERTIFICATION 

ANALYSIS 

Satellite remote sensing is one of the best techniques for 

monitoring desertification due to synoptic coverage and 

temporal nature. The Ottichilo report on “Use of space 

technology in disaster risk assessment and monitoring” [15] 

emphasises that the mitigation of the effects of disasters 

requires relevant information regarding the disaster in real 

time. Disasters like desertification cause huge social and 

economic disruptions and normally affect large areas or 

territories. Direct economic losses are reductions in income 
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obtained as a result of the lower productivity [16]. These 

'on-site' costs are experienced either by the land user who 

degraded the land or another user who uses the site 

subsequently. They are linked to global change and it is not 

possible to effectively collect continuous data on them using 

conventional methods. Monitoring and assessment involves 

acquisition of information through field surveys, available 

records, and remote sensing [17], [18].The space technology 

or remote sensing tools offer excellent possibilities of 

collecting this vital data. This is because the technology has 

capability of collecting data at global and regional scales 

rapidly and repetitively and the data is collected in digital 

form.  

Costantini et al. [19] have studied the risk of 

desertification in Italy at continental, national and regional 

level. This study was aimed at creating a new atlas of risk of 

desertification in Italy. The methodology was based on the 

use of indicators.  They combined different climatic, 

vegetation, soil attributes with socio-economic attributes to 

estimate pressure on land and state of soil and vegetation 

multiplicatively. 

Desertification is a global environmental problem [20], 

[21]. Accurate assessment of the changes in status and trend 

of desertification will be instrumental in developing global 

actions to prevent and eradicate the problem [22]. 

 

III. PARAMETERS CONSIDERED FOR DESERTIFICATION 

ANALYSIS 

Various parameters considered in this study are enlisted in 

Table I: 

 
TABLE I: PARAMETERS CONSIDERED 

Biophysical 

parameters 

Land use / land cover (LU/LC) changes 

Various vegetation indices 

Erosion due to rainfall and wind 

Albedo changes 

Socio-economic 

parameters 

Population pressure index 

Livestock pressure index 

Climatic parameters Meteorological drought 

Aridity index 

Surface & Ground 

water Parameters 

Surface & ground water depletion 

Surface & ground water quality changes 

 

IV. STUDY AREA 

Aurangabad is a district in central India. Spatial extent of 

Aurangabad district is ranging from latitude 74035‟E to 

75055‟E and longitude 19020‟N to 20040‟N, the location of 

the district is given in Fig. 1. 

It lies in semiarid zone as per the Agro-climatic Atlas of 

India. The area has extreme summers with temperatures 

reaching up to 45-470C. Average annual rainfall measures in 

the range of 900-1000 mm, 80% of it is during the monsoon. 

In recent times, due to climatic changes, the rainfall has 

become aberrant and the monsoon is not uniformly 

distributed in this area. December is the coldest month and 

May is the hottest month. The relative humidity varies 

between 65% and 75% during wet season and between 30 % 

and 40% during the rest of the year. The climate of the area is 

normally dry throughout the year, except a very short spell of 

wet South-West monsoon between July and September. The 

annual average sunshine hour is more than 8 hours/day.  In 

April it stretches up to 10 hours. In monsoon days it reduces 

to 3-4 hours. The seasonal variation in soil temperature is 

170C to 450C at 5 cm. depth. The rate of evaporation is high 

over the area. Annual rate of evaporation is 300-350 cm [23], 

[24].  

 

 
Fig. 1. Location of study area in India (source: Census of India, 2011). 

 

The major part of Aurangabad is covered with basaltic 

rock. The massive basalt is a dark grey to black rock having 

fine to medium fine texture. It has resulted in the present 

landscape of very large stony wastes in the south with lots of 

intermittent rock outcrops. In the north at some locations 

laterite ridges are followed by huge traps. The overall slope 

of terrain is North-West to South-East. The terrain is steeply 

sloped in North-West whereas gently sloped in South-East. 

The study area has an elevation range between 300-900 m 

from mean sea level [25].  

 

V. DESERTIFICATION ANALYSIS 

Satellite data used for this study is Indian Remote Sensing 

data of pre-monsoon season for years 1989 and 2010 for 

which census data of year 1991 and 2001 is available from 

Census of India. For elevation information Shuttle Radar 

Topography Mission (SRTM) data and Advanced 

Spaceborne Thermal Emission and Reflection Radiometer 

(ASTER) Global Digital Elevation Model (GDEM) is used. 

Details of satellite data are provided in Table II. The soil 

related data used is collected from National Bureau of Soil 

Survey and Land Use Planning (NBSS-LUP). Rainfall and 

temperature data is collected as high resolution gridded data 

from Indian Meteorological Department (IMD), Pune. Due to 

unavailability of livestock data for the current work this 

parameter has not been used. The LU/LC maps are generated 

using IRS imagery. The images are classified using 

supervised classification. The flow chart for methodology 

used for current work is given in Fig. 2. 
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Fig. 2. Flow chart of the methodology used. 

 
TABLE II: DETAILS OF SATELLITE DATA USED 

IRS data LISS I1 72.5 m resolution 3rd March 1989 

AWiFS2 56 m resolution 5th February 2010 

Elevation data SRTM data 90 m resolution February 2000 

ASTER GDEM 30 m resolution October 2011 

 

A. Vegetation Index  

Normalised Differential Vegetation Index (NDVI) is 

calculated as a ratio between measured reflectivity in the red 

and near infrared (NIR) portions of the electromagnetic 

spectrum (Eq. (1)). These two spectral bands are chosen 

because they are most affected by the absorption of 

chlorophyll in leafy green vegetation and by the density of 

green vegetation on the surface. The contrast for vegetation is 

maximum in red and NIR bands [26].  

 

e

e






NIR R d
NDVI

NIR R d
                               (1) 

 

where  NIR          near infrared band  

Red           Red band 

B. Albedo 

Albedo is generally defined as the instantaneous ratio of 

surface-reflected radiation flux to incident radiation flux over 

the shortwave spectral domain. It is a dimensionless 

parameter [27]. 

Otterman [28] showed that overgrazing in desert regions 

can increase surface albedo by as much as 20%. Charney [29] 

estimated that such changes may suppress rainfall, which 

would enhance the process of desertification that is occurring 

in sub-Saharan Africa. Sagan et al. [30] proposed that 

extensive deforestation in tropical rainforests may 

significantly increase surface albedo and result in major 

climate changes. Fernández et al. used albedo as an important 

indicator for climatic and biophysical consequences [31]. 

Robinove et al. [32] and Tueller [33] described a 

methodology based on Landsat Albedo of earth surface in the 

wavelength range of 0.5 µm - 1.1 µm. 

C. Soil Erosion  

Soil erosion due to rainfall is calculated using USLE model 

 
1 Linear Imaging Self Scanning Sensor I 
2 Advanced Wide Field Sensor 

given by Wischmeier and Smith [34], [35]. This equation to 

estimated soil loss is given in Eq. (2) works with British 

units.  

 

U R K LS C P                             (2) 

 

Details of the parameters used in Eq. (2) are given below 

along with method followed for estimation of these 

parameters. 

1) Rainfall erosivity factor (R)  

R has been calculated using Fournier‟s index, p²/P, 

developed by Arnoldus [36], [37], which uses average 

monthly (p) and annual precipitation (P). The relationship (in 

metric units) (given in Eq. (3)):   

 
2

1.5 log 0.8188

1.735 10

p

P
R

 
   

 


                 (3) 

 

has been summed for each of the 12 months of each year. 

2) Soil erodibility factor (K) 

K factor defines the resistance of the soil to both 

detachment and transport. The spatial variation of the K 

factor is determined using charts and soil maps prepared by 

NBSS-LUP. 

3) Length slope (LS) factor  

LS factor is calculated using Wischmeier and Smith 

method given in Eq. (4) [34]:  

 

2
(65.41 sin 4.56 sin

22.1

0.065)

m

L
LS      



 
 
        (4) 

 

where  

L cumulative slope length (feet);  

 downhill slope angle;  

m is a slope contingent variable;  

0.5 if the slope is more than 2.86°,  

0.4 on slopes of 1.72° to 2.86°;  

0.3 on slopes of 0.57° to 1.72°;  

0.2 on slopes less than 0.57°  

4) Land cover management factor (C) 

As per Liu et al. land cover management factor can be 

defined as the ratio of soil losses of the same size soils under 

two different managements, that is one under some certain 

cover and management measures, the other under continuous 

clean tillage [38]. Van der Knijff et al. [39] gave equation for 

C based on NDVI given in Eq. (5). 

 
2.5

11

NDVI

NDVIC e

 
 

                               (5) 

 

5) Support practice factor (P) 

P varies from 0.5 to 1 depending on slope. As the values of 
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this parameter are not well defined and not known for entire 

area it is assumed to be uniform in the study area as one. 

For wind erosion (WE), due to lack of detailed wind 

related data, a qualitative approach is used based on prevalent 

wind speed and duration information in combination of slope 

aspect maps.  

D. Other Parameters 

Digital Terrain Model (DTM) is generated using SRTM 

and ASTER GDEM data. Further using this DTM, slope and 

aspect maps are generated.  

Rainfall and Temperature data is used for analysis of De 

Martonne‟s Aridity Index (DMAI) [40], [41] and 

meteorological drought (MD) recurrence index described by 

Tiwari et al. [42]. 

Population pressure on land resources is calculated based 

on Population Pressure Index as function of population 

density based on Eq. (6),  

 

(Pi - P)
PPI =

P
                                (6) 

 

where P is average population density  

Pi  is population density of final year. 

Various parameters mainly LU/LC, albedo and vegetation 

index can be used as indicators for desertification if mapped 

temporally. To understand these temporal variations 

temporal difference of these parameters, i.e. differential 

parameters are used. Later date parameter values are 

subtracted from prior date values to get these differential 

images.  The products derived using LISS I data of resolution 

72.5 m are re-sampled to resolution of AWiFS data, i.e. 56 m, 

using nearest neighbourhood method prior to calculation of  

differential layers. No correction is needed for season of 

satellite data as both images are of the pre-monsoon season 

with no climatic variability.  

E. Defining Weightages Using Multiple Regression 

Values of weightages are estimated by multiple regression 

analysis of field data collected from the study area. For this 

purpose generalised least square multiple regression analysis 

is used for solving the equation for calculation of weightages 

using training data collected from study area. As some of the 

parameters used are not mutually exclusive and are correlated 

with each other; generalised least square regression method is 

used. All the parameters are used simultaneously for 

regression analysis, i.e., standard multiple regression model 

is used for identification weightages. Total 157 sample points 

are used for regression analysis. The sample to variable ratio 

is over 17:1. This is more than the minimum sample size of 

5:1 and within the range of commonly required acceptable 

sample size range of 15:1 to 20:1. This also satisfies the 

minimum sample size prescribed by Green [43] given by Eq. 

(7). 

 

50 8N k                                         (7) 

 

where,  

N minimum sample size  

k number of predictors  

F. Desertification Analysis 

The values of differential parameters (LU/LC, albedo and 

vegetation index) and other parameters (soil loss, 

meteorological drought, aridity index, population pressure 

index) are then further generalised by grouping into five 

severity classes based on their influence on desertification. 

These classes are given values from one to five as the 

increasing severity values, one being least severe to five 

being very severe. Finally these all parameters are integrated 

by weighted summation to calculate severity of 

desertification process based on Eq. (8).  

 

X XS = (W I )                                 (8) 

 

WX weightage for specific parameter X   

IX Rating for key parameter X 

The values calculated using Eq. (9) is then grouped in into 

5 classes. The classes are mainly based linear grouping of S 

(details given in Table III). 

 
TABLE III: TABLE FOR GROUPING S VALUES 

range of S Class 

100-150 No Desertification 

150-250 Mild Desertification 

250-350 Moderate Desertification 

350-450 Severe Desertification 

450-500 Very Severe Desertification 

 

VI. RESULTS AND DISCUSSIONS  

The multiple regression analysis for weightages gives 

following equation for desertification severity analysis. The 

R-square value (i.e. coefficient of determination) is 0.61. The 

coefficient of variation is 0.78, as per Noble [44] the 

coefficient of variation in the range of 0.6 to 0.9 is considered 

to be good and indicating strong relationship. The individual 

parameters calculated are integrated using weighted sum 

method (as per Eq. (9)). 

  

  

 17.5 16.2

13.7 13.5 10.5

 

9.1 6.2   

4.1

Desertification Severity NDVI

LULC Albedo USLE

Meteorological Drought + 9.2 Wind Erosion

DMAI Ground Water Depletion

PPI

   

     



   

 

    (9) 

 

The equation suggests that desertification phenomenon is 

more sensitive towards albedo change followed by LU/LC 

change and USLE; whereas population pressure has least 

contribution in current study.  

The Fig. 3 shows desertification severity map of the 

Aurangabad district based on Eq. (9). The south-western part 

of the study area is falling in lower severity values as 

compared to the north part of the area. This could be due to 

presence of rivers in south-western part of the study area. 
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Fig. 3. Desertification severity map for Aurangabad District. 

 

The area statistics given in Table IV indicate that this area 

shows mild to moderate desertification severity as a whole. 

 
TABLE IV: AREA UNDER VARIOUS SEVERITY CLASSES 

Severity Class Area % 

Very Severe Desertification 1.04 

Severe Desertification 21.21 

Moderate Desertification 32.14 

Mild Desertification 26.31 

No Desertification 19.3 

 

VII. CONCLUSIONS 

Weightages derived using regression analysis are in the 

same range as that of the previous studies done for 

Aurangabad District with an exception of population pressure 

index.. Population pressure index has got less weightage in 

the current analysis due to its lower spatial resolution (i.e. one 

value for one sub-district).  The parameters like NDVI, 

albedo and land use land cover dynamics has got higher 

weightages as anticipated from literature and prior studies. 

The desertification analysis of the Aurangabad District 

indicates that more than half of the area in the district is above 

mild desertification level. The rainfall patterns are changing 

in this area i.e., variations from the mean has increased since 

1970. Along with this erratic rainfall, increases in monthly 

lowest temperature are the parameters which will increase the 

severity of desertification. Hence, timely intervention and 

mitigation measures need to be taken for the study area, 

specially the severe and moderate desertified area.  

The methodology can be improved using higher resolution 

satellite remote sensing data. The coefficient of variation can 

further be improved with the help of uncertainty analysis of 

field data samples.  
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