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Abstract— China has a very large area but most of the 

population in China is living in the Northern Area because 

south area has mountains and hill and Northern Area has plan 

land. But from very slow process china is facing 

desertification in China and for find the desertification 

Landsat images study and Spectral Mixture analysis. We use 

a new approach to for this study Decision-Tree Method. In 

Past 4 year’s desertification is increasing very fast and we are 

using Yanchi County, China as a study area. The analyse area 

were covered by free could Landsat MSS, TM, ETM+. The 

series of images will analyse by the Landsat TM/ETM+. On 

the basis of the result grading system will construct and then 

we will use spectral mixture and then decision free method 

will use to interpret the images. By the methods RMS errors 

computed. By direct detection firstly find out the fraction 

change in images and then we apply change vector analysis 

to find out the land covert change. To find out the soil erosion 

and for mapping index we use EMI (Eolen Mapping Index), 

statistical measurement will analyse by ANOVA. 
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I. INTRODUCTION 

The definition of desertification in the modern time is given 

by UNCED a summit which was held in United States in 

Earth Summit in Rio De Janeiro in 1992. The desertification 

mainly known by land degradation which means, fertile soil 

become non fertile or the soil losing its fertility. It becomes 

drier and humid and converting into desert.  

 
Fig. 1.1: Side Effects when the Demand for and Cash Crops 

are Increased due to An Increased Population Pressure and 

Policy Changes in Semi-Arid Areas 

 Northern China becomes become more drier due its 

location, population, atmosphere changes, and has very low 

rain fall nearly about 400 mm and its 30% of population lives 

in this area. This area mostly has mountains and has very long 

distance from the sea. Over a decade Northern China become 

more dry due to some strong and dry wind which facilitate 

erosion of wind that is why northern China become more arid 

in this past decade. Due to human activities and change in 

climate the temperature of the Earth has increased, nearly 

around 1 degree centigrade so that evaporation is increased. 

 As we know china is one of the biggest countries in 

the World and has the highest population. Due to this China 

has more vehicles as compared to some very big countries in 

the world. Pollution is one of the biggest problems China is 

facing. Some major cities in China has very high pollution 

rate. Animals, Birds and humans are facing some saviour 

deceases in this area. Vehicles leaving smoke in and this 

smoke contains CO2 (carbon di-oxide) and some more 

harmful gases. These harmful gases are major factor in 

increasing the temperature of Earth 

 In order to achieve the objectives of the study, 

spectral mixture analysis (SMA) In order to identify changes 

in different land cover in the study area change statistical 

analyses such as correlations, dynamics of change and on way 

analysis of variance (ANOVA) were also used. The 

combination of both statistical analysis and spectral change 

detection technique was applied. 

II. LITERATURE SURVEY 

In the starting of 21st Century human interact with nature and 

this interaction is most intensive and complicated happened 

than ever before. Nearly around 2 decade before United 

Nation of America done a survey and told the world that 

almost 35 million kilometre square land has affected by 

desertification all over the world and this amount of land is 

nearly about 35% of total land present on earth. Based on the 

research 100 publisher has published definition on 

desertification. Some publisher told us that it is a natural 

process and we cannot do anything for that. Some of them 

told us that it is due to human activities. Some of than told us 

that climate change and human activity bold involved in this 

process. But most recent publisher published that the 

relationship between the human and the climate in humid and 

dry land is desertification. If the relation is good then 

desertification process is very slow but if the relation is bad 

then desertification is very fast. 

 In some places of China the relationship is good so 

that part of China is green and desertification process is very 

slow in this area but in the northern region the relationship is 

bad so the northern area become more dry and humid. 

Desertification is very dangerous for the world because due 

to the desertification the soil become infertile, reduce fresh 

water and rivers. It also affect the ground water level. There 

are some method by which you can find the desertification 

process for a particular area and you can do some useful 

things to stop desertification. 

Proposed Approach 
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Fig. 1.2: Proposed Method 

 
Fig. 1.3: Flow Chart 

III. LANDSAT IMAGES 

In remote sensing digital image processing historically is 

important due to two principle areas task of digital image 

processing revolves around increasing spectral separability of 

the object the Spectral Mixture Analysis the conversion of 

digital number (DN) into reflectance radiance The conversion 

process to transform reflectance spectra of materials from 

reflectance into relative radiance firstly requires a conversion 

of the DN to quantitative physical values such reflectance 

radiance.  

 For each of the six bands the at-satellite radiances L 

[W m-2 sr-1 μm-1] were calculated using the equations (1), 

(2) and (3) for MSS, TM and ETM+ respectively. 

Lλ = GAIN. DNλ + BIASλ 

Lλ = LMAXλ – LMINλ . QCAL – QCALMIN – LMIN 

QCALMAX – QCALMI 

Where: 

λ = ETM + /TM band number 

L = spectral radiance at the sensor aperture in watts 

GAIN = rescaled gain (contained in the product header) 

BIAS = rescaled bias (contained in the product header) 

QCAL = the quantized calibrated pixel value in DN 

LMIN = the spectral radiance that is scaled to QCALMIN 

LMAX = the spectral radiance that is quantized to 

QCALMAX 

QCALMIN = the minimum quantized calibrated pixel value 

QCALMAX = the maximum quantized calibrated pixel value 

At –satellite reflectance is given by equation (3): 

ρλ = π . Lλ. d2 (3) 

ESUNλ . sin (θ) 

Where: 

Ρ = unitless at- satellite reflectance 

D = earth- sun distance in astronomical units 

ESUN = mean solar exoatmspheric irradiances (band 

specific) in W m μm 

θ = solar zenith angle in degrees 

Lλ = spectral radiance in W m μm 

For image interpretation, it is required to work with 

reflectance values instead of DN values. 

A. Spectral Mixture Analysis (SMA) 

This method involves images pre-processing, image 

endmembers selection, image fraction production, 

classification of SMA fractions and finally There is variety of 

methods used to determine endmembers either by using 

image endmember selection in the image or by spectral 

libraries derived from field measurement with field obtained 

easily and they represent spectra measured at the same scale 

as image data Thus the study relied exclusively upon image 

endmembers extracted independently The image 

endmembers were derived from the extreme of the image 

feature space 

Formula space: 

 
Where: 

DNi- relative radiance in band i for each pixel 

EMik- relative radiance in band i for each endmembers k 

Fik- fraction of each image endmembers k calculated band by 

band 

k- each of n endmembers 

εi- reminder between measured and modelled DN ( band 

residuals) 

 

 Endmembers for each pixel in image sums to 100 

percent. 

 Endmember fraction may be less than zero or greater 

than 100 percent per pixel. 

 Endmember fraction greater than 100 percent occurs the 

pixel has spectra similar to that of the endmember is 

unnecessary to model the reflectance of a particular 

pixel. 

 The endmember fraction by unconstrained analysis in 

range of fraction value between 0 and in fraction 

residuals or as the root mean square error (RMSE) across 

the bands. 
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 To estimate the accuracy of the computed endmember 

fraction an error image is computed using the below 

formula. 

 
 And/or fractions lower 0 or larger than 1 indicated 

an unmodelled compositional variability in the scene. 

1) Ratio Analysis 

Bands in Landsat images 2003, 2006 and 2011 by using ratios 

of bands to determine relative Common TM band ratios 

include: band5/band7 for the clay soil and carbonates are 

distinguished by magenta, sandy soils as green and 

vegetation. 

B. Principal Component Analysis (PCA) 

Principal Component Analysis (PCA) is applied to the three 

images MSS1976, TM1988 and The principal component 

rotation minimises the correlations among dimensions so that 

the resulting principal component bands (PCs) represent 

orthogonal components of dominated components can form 

the basis of estimated a n-dimensionality of the image ( 

feature space of the low order principal components therefore 

provides a spectral mixing projection of the mixing space 

because the PC rotation provides an ordering scheme with 

representation of the mixing space which contains the 

majority of image variance of spectral endmembers can 

usually be selected from scatter plots of PC1 and PC2. 

Process of selecting endmembers on based of principle 

component scatter plots illustrated in below figures. 

 
Fig. 1.4: Scatter Plot of PCI1 & PCI2 of ETM+ and TM 

 

 
Fig. 1.5: Spatial Distribution of Vegetation Covers in study 

area 

C. Eolain Mapping Index (EMI) 

EMI is a simple model which has been developed to generate 

an image that emphasized areas with low vegetation density 

and high soils reflectance. 

 imagery to generate a wind erosion vulnerability 

image (WEVI) that is directly related to the amount of 

vegetation cover/ density and general surface soil type) 

indicating levels of low vegetation density and high soils 

reflectance and serves as a guide to (R/NIR) spectral bands 

from the Landsat images to generate an image that 

emphasizes areas. 

1) Change Detection Analysis 

There are many well developed techniques for land cover 

change detection using digital detection analysis approaches 

can be broadly divided into either post -classification change 

endmembers fractions images, by providing a direct measure 

of changes of different land cover in the study area. 

D. Change Vector Analysis (CVA) 

Change Vector Analysis (CVA) is an effective approach for 

detecting and characterizing land change vector. 

 The length of the change vector indicates the 

magnitude of change, while its direction the pixel values of 

the fraction images for sand soil and vegetation cover 

respectively between the dates 1996/2003 and 2006/2011 .It 

is shown as follows: 
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Fig. 1.6: Graph of Sand Soil and Vegetation Cover 

 
 270 and 360 indicate a decrease of sand soil and 

increase of vegetation cover, this 90 and 180 to 270 indicate 

either increase or decrease in both of sand soil and vegetation 

cover. This change is represented as persistence, which is 

representative of either an increase or decrease in sand soil 

and vegetation in the study area. 

 
Fig 1.7: Detecting Change of Direction with Vector Change 

Analysis 

1) Statistical Analysis 

software was used to conduct a one way ANOVA table for 

measuring the level of significance The study conducted 

multiple comparison procedures to isolate the difference of 

multiple comparison procedures: firstly, all pair-wise 

comparisons, where every pair of years is compared and 

secondly multiple comparisons versus a control years are 

compared with a single control year. 

2) Field Observations 

Classification and RGB composite images of the study area 

was printed to indicate target areas different sites depending 

on the different soil types in the study area. 

The spatial data in a geographic information system (GIS) 

and image classification system. 

 Information concerning the history of different land 

cover and land use which can be Collection of information 

about previous covers concerning types, densities, Collection 

of information about the Wadis (local names, period and 

extent of floods and the general landscape such as names of 

rocks, sand dunes and other features of these areas. 

 In order to verify the selection of the pure land cover 

materials in the study area field Systematic selection of the 

sample plots was adopted for selected sample plots, which 

represented a pure land cover in fraction images. 

3) Ancillary Data 

Ancillary data were collected from different reports and 

departments in the study area. Climatic data such as annual 

rainfall from (2003-2011), wind speed direction from (2003-

2011) also were well adopted for the analysis. The study tried 

to use the optimum availability of ancillary data to achieve 

the objectives of the study. 

IV. VISUALIZATION OF FRACTIONS IMAGES 

For Landsat MSS 2003 the four bands (band 1, 2, 3 and 4) 

while for TM 1988 and ETM+ 2003 six bands (band I, 2, 3, 

4, 5, 7) excluding the thermal selected, two soil endmembers 

explicitly salt and sand soil, in addition to green vegetation 

The fraction images and RMS error of each reference 

endmember were computed for each pixel of the different 

Landsat imagery. When displayed on an image monitor, areas 

of high fraction will be brighter than areas of low fraction. 

RMS residuals error is an indication of goodness of the used 

mathematical model. 

 The shade endmember account for shadows at hilly 

areas in the northern part of the study area where dominated 

by isolated hills or clusters of hills in form of inselbergs e.g. 

Jbel Abu Sinun (820m) and Jbel Umm Shgerira (846m) 

A. Sand Fraction 

That sand fraction increased from 2003 to 2006 and from 

2006 to 2011. Attributed to the fact that sand encroachment 

increases following the wind direction from north to south in 

the study area as shown in Figure (6.1). In the study area 

increases during the dry season in the north direction, this 

supporting the It is obvious from the fraction images that the 

sand increased rapidly from has a negative low correlation (r 

= -0.1) with MSS 1976 sand fraction and a positive low 

rapidly during the period from 1976 to 1988 and increased 

slightly low during the period from 1988 to 2003 as it is 

clearly visualized in the fraction images .On the interpretation 

of the MSS 1976 in the study area are that most of sand dunes 

were detecting the change and calculating the abundance 

proportion of sand soil in the study. From the fraction images 

it is very easy to detect the dynamic change of sand 

encroachment. 

B. Correlation Coefficients of Vegetation, Sand, Salt Soil & 

Shade Fractions 

soil in the southern part of the study area can also be detected 

from 1976 to 1988 and from cultivate some crops like millet 

(Dukhn), sesame (Simsim), hibiscus (karakdeh), watermelon 

These activities diminish the tree cover in this area and thus 

increase the stricken areas in the southern part affected by 
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human activities related to rainfed crop cultivation, intensive 

grazing and fuel wood collection. 

C. Discussion of Dynamics of Change 

Most affected areas with desertification in the northern part 

of the study area. In the northern part of the study area the 

pattern of change evidently highlights the pressure of 

northern part, particularly the heavy grazing during the wet 

seasons, when vegetation cover is leading to destruction of 

vegetation cover in these areas of the pastoral nomadic tribes 

are concentrated in the northern part of the study area. 

 Southern part is pressure of traditional shifting 

cultivation performed by both the settlers and In high 

precipitation season, farmers practice large scale cultivation 

of cereal crops. 

 Accordingly, this severely reduces vegetation cover 

and leads to soil erosion in the southern rainy and dry season 

related to practices conducted in the traditional shifting 

cultivation and for to up nine months per year exposes soil to 

serious erosion and thus to increasing desertification in the 

study area. 

 Overall evaluation of SMA in mapping 

desertification processes in the study area Fractions of sand, 

salt soil, shade and vegetation have been used sand and 

vegetation identify the phenomena of desertification in the 

study area by From the fraction image of sand and vegetation 

it is possible to detect and monitor the trend of sand 

encroachment and human activities by visualising the areas 

affected by heavy grazing and by over-cultivation pressure of 

rainfed agriculture. 

D. Comparison between CVA and SMA 

Figure shows that sand dunes in SMA were also clearly 

classified by use of CVA. CVA and SMA the patches of 

various shapes and size of re-growth and desertified areas 

were SMA and CVA showed the same pattern related to 

mapping and detecting the high vegetation fraction in SMA 

were accurately classified using CVA. 

E. Uncertainty of SMA 

The uncertainity of MSS (4 bands) enforced the study to 

select only four endmembers since number of endmembers 

should be equal to or less than the total band number (Adams 

et al., 1993; Selection of endmember from image constitutes 

a huge task, taking a long time Thus the study used all 

information (bands) of MSS, TM and ETM+ to determine 

with very high albedo affected the process of selecting 

endmembers. 

 Endmembers used for identifying land cover change 

in the study area. 

V. RESULT & ANALYSIS 

 
Fig. 1.8: Color Ration Composite of ETM+ 

 
Fig. 1.9: Scatter Image of PCI1 vs PCI2 
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Fig. 1.10: Fraction images and Spectral Reflection 

VI. CONCLUSION 

CVA results show an increase in persistence areas during the 

addressed periods. Interpretation of ancillary data and field 

observations emphasizes the role of human impacts in the 

temporal change in both vegetation cover and sand soil. 

 The results of SMA and visual interpretation 

supported by the field observations characterised and mapped 

the extension of increase cultivated areas and over-grazing 

pressure in detecting and mapping desertification processes 

in the study area. 
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