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1. INTRODUCTION AND OBJECTIVE 

 
1.1. Introduction 
 
A prerequisite for sustainable development and management of the limited natural 

resources of the Earth are integrative analysis and monitoring tools and techniques. 

Decision support systems are needed to provide necessary data about the global 

environment and realistic future scenarios. 

Recent Global Change research therefore focuses on the development of integrative and 

interdisciplinary strategies to describe the complex linkages between man and its natural 

environment (Engelen, 2000; Mauser, 2003). Geospatial datasets are mandatory input 

variables to such systems. Geospatial datamining has therefore increasing significance in 

the fields of natural, and recently social sciences. 

Earth observation by means of remote sensing techniques has become a powerful tool for 

the characterization and description of the biosphere system at regional and global scales. 

It enables the spatially distributed, systematic monitoring of the environment by means of 

various imaging and non imaging techniques, over a broad range of the electromagnetic 

spectrum. It is therefore an ideal tool to provide the necessary geospatial datasets. These 

geospatial datasets are very useful for the sustainable development, monitoring and 

management of limited natural resources of a country. The thesis is in the direction of 

agricultural use of these datasets as agriculture has a potential threat from several 

changing environmental condition. The prime threat for the agriculture in arid and semi 

arid region is the increase of salt content of agricultural land. 

The introduction of irrigation into the arid regions of many countries has caused the loss 

of large areas of formerly productive lands through water logging and salinization (India, 

Afghanistan, Pakistan, Syria, and China). This degradation is caused not by the process of 

irrigation itself, but by its incorrect or careless application, and measures are now being 

successfully applied for the reclamation of some areas (India, Pakistan, and China).  

In fact the irrigation development in the arid zone almost always has to deal with not only 

secondary but also with primary and fossil salinity. This primary and fossil salt 

mobilization has been found to be one of the principal causes of the river’s salinization in 

irrigated basins in the arid zone (Smedema and Shiati, 2002).The dielectric constant of 
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the soil is one of the prime parameter which indicates the level of salts in the soil. Several 

researches had been done to measure the soil salinity form the satellite remote sensing 

data especially radar. 

1.1.1 Soil Salinity : definition, distribution and causes 

Soil salinity, as a term, that refers to the state of accumulation of the soluble salts in the 

soil. Soil salinity can be determined by measuring the electrical conductivity of a solution 

extracted from a water-saturated soil paste. The electric conductivity as ECe (Electrical 

Conductivity of the extract) with units of decisiemens per meter (dS.m-1) or millimhos 

per centimeter (mmhos/cm) is an expression for the anions and cations in the soil. 

From the agricultural point of view, saline soils are those, which contain sufficient neutral 

soluble salts in the root zone to adversely affect the growth of most crops (see table 1.1). 

For the purpose of definition, saline soils have an electrical conductivity of saturation 

extracts of more than 4 dS.m-1 at 25 °C. 

Table 1.1 General ranges for plant tolerance to soil salinity. 

Salinity (ECe, dS.m-1) Plant response  

0 to 2 

2 to 4 

4 to 8 

8 to 16 

above 16 

Mostly negligible 

Growth of sensitive plants may be restricted 

Growth of many plants is restricted 

Only tolerant plants grow satisfactorily  

Only a few, very tolerant plants grow satisfactorily 

 

As salinity levels increase, plants extract water less easily from soil, aggravating water 

stress conditions. High soil salinity can also cause nutrient imbalances, which then result 

in the accumulation of elements toxic to plants, and reduce water infiltration if the level 

of one salt element (like sodium) is high. In many area s, soil salinity is the factor limiting 

plant growth.  
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Table 1.2 shows the salinity tolerance of some kinds of crops. 

 

 

There are extensive areas of salt-affected soils on all the continents, but their extent and 

distribution have not been studied in detail (FAO, 1988). In spite of the availability of 

many sources of information, accurate data concerning salt affected lands of the world are 

rather scarce (Gupta and Abrol, 1990). Statistics relating to the extent of salt-affected 

areas vary according to authors, but estimates are in general close to 1 billion hectares 

(see table 1.3), which represent about 7% of the earth’s continental extent. In addition to 

these naturally salt-affected areas, about 77 M ha have been salinized as a consequence of 

human activities, with 58% of these concentrated in irrigated areas. On average, salts 

affect 20% of the world’s irrigated lands, but this figure increases to more than 30% in 

countries such as Egypt, Iran and Argentina. 

 

 

Region Mil l ion of hectares 
North America 15.7 
Mexico and Central America 2.0 

South America 129.2 
Africa 80.5 

South Asia  84.8 
North and Central Asia 211.7 
Southeast Asia 20.0 
Australia 357.3 

Crop Threshold 
value  
 

10% 
yield loss 
 

25% 
yield loss 
 

50% 
yield loss  
 

100% 
yield loss  
 

 ECe (dS.m-1) 
 

ECe (dS.m-1) 
 

ECe (dS.m-1) 
 

ECe (dS.m-1) 
 

ECe (dS.m-1) 
 

Beans (field) 
Cotton 
Maize  
Sorghum 
Sugar beets 
Wheat 
 

1.0 
7.7 
1.7 
4.0 
7.0 
6.0 
 

1.5 
9.6 
2.5 
5.1 
8.7 
7.4 
 

2.3 
13.0 
3.8 
7.2 
11.0 
9.5 
 

3.6 
17.0 
5.9 
11.0 
15.0 
13.0 
 

6.5 
27.0 
10.0 
18.0 
24.0 
20.0 
 

Table 1.3: shows extent of salt affected lands in world 

* Adopted from Doorenbos and Kassam(1979) 
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Europe 50.8 

Total 9 5 2 . 0 
 

According to estimates by FAO and UNESCO, as much as half of the world’s existing 

irrigation schemes is more or less under the influence of secondary salinization and 

waterlogging. About 10 million hectares of irrigated land are abandoned each year 

because of the adverse effects of irrigation, mainly secondary salinization and 

alkalinization (Szabolcs, 1987). Figure 1.1 shows an estimation of the global distribution 

of salt-affected areas 

 

 

 

 

 

 

 

 

 

 

 

 

 

In spite of the general awareness of these problems and past sad experiences, salinization 

and water logging of irrigated land continue to increase. In some countries, land 

salinization may even threaten the national economy. It is particularly series issues in 

Argentina, Egypt, India, Iraq, Pakistan, Syria and Iran (Rhoades, 1990). Saline soils may 

occur in any region and under every climate in the world. However, these soils are mostly 

concentrated in semi-arid and arid regions. One of the conditions for the presence or 

formation of saline soils is an evaporation, which greatly exceeds the precipitation the 

sources of salt in the soil may vary:  

1. The salt can be present in the parent material, e.g., in salt layers, accumulated in earlier 

times. 

Figure 1.1 Global distributions  of  salt-af fected soi l s. 
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2. The salt can be formed during weathering of the parent rock. Salts are generally set free 

by rock weathering but they will be leached, as this process is very slow. However, some 

kinds of rock have a chemical composition and porous texture so that under warmer 

climates relatively high proportions of salts are formed. 

3. The salt can be air borne. In this case it is transported through the air by dust or by 

rainwater. 

4. The ground water can be saline. This may originate from reasons mentioned above. In 

this case where the water table is near to the surface, salt will accumulate in the topsoil as 

a result of the evaporation. When the water table occurs deeper in the soil, the saline layer 

can be formed at some depth, which may influence the soil after use, especially with 

uncontrolled irrigation and inadequate drainage practice. 

5. Salt brought by irrigation water. Irrigation water always contains some salt and 

incorrect methods may lead to accumulation of this salt. When water logging is present at 

some depth the water evaporates again and the salt transported with the water from 

elsewhere is left behind. In principle, soil salinity is not difficult to manage. The first 

prerequisite for managing soil salinity is adequate drainage, either natural or man-made. 

If the salinity level is too high for the desired vegetation, removing salts is done by 

leaching the soil with clean (low content of salts) water. Application of 6 inches of water 

will reduce salinity levels by approximately 50%, 12 inches of water will reduce salinity 

by approximately 80%, and 24 inches by approximately 90%. The manner in which water 

is applied is important. Water must drain through the soil rather than run off the surface. 

Internal drainage is imperative and may require deep tillage to break up any restrictive 

layer impeding water movement. Sprinkler irrigation systems generally allow better 

control of water application rates; however, flood irrigation can be used if sites are level 

and water application is controlled. However, the determination of when, where and how 

salinity may occur is vital to determining the sustainability of any irrigated production 

system. Remedial actions require reliable information to help set priorities and to choose 

the type of action that is most appropriate in each case. Decision-makers and growers 

need confidence that all technical estimates and data provided to them are reliable and 

robust, as the economic and social effects of over- or underestimating the extent, 

magnitude, and spatial distribution of salinity can be disastrous (Metternicht and Zinck, 

2003). To keep track of changes in salinity and anticipate further degradation, monitoring 
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is needed so that proper and timely decisions can be made to modify the management 

practices or undertake reclamation and rehabilitation. Monitoring salinity means first 

identifying the places where salts concentrate and, secondly, detecting the temporal and 

spatial changes in this occurrence. Both largely depend on the peculiar way salts 

distribute at the soil surface and within the soil mantle, and on the capability of the 

remote sensing tools to identify salts (Zinck, 2001). 

Irrigation- induced water logging and salinization are highly dynamic conditions, which 

vary widely in time and in space. The development of reliable, easy-to-use, low-cost 

remote sensing methods for monitoring and mapping of water logging and salinity 

conditions in irrigated areas would give the concerned countries a very valuable tool in 

the combat of salinity control of irrigated land (Smedema, 1993). 

1.1.2 New sensors – New Challe nges 
The permanent, weather independent, monitoring capacities of microwave remote sensing 

systems, underline their importance in the context of natural resource management. The 

high sensitivity of the microwaves to key parameters of the land surface energy and water 

fluxes, as e.g. vegetation biomass and dielectric constant make them an ideal monitoring 

instrument in addition to sensors operating in other frequency ranges. 

An increasing demand of these valuable datasets leads to the development of new sensor 

systems with more sophisticated imaging capabilities. Recent operational spaceborne 

SAR systems as e.g. ENVISAT ASAR and RADARSAT and forthcoming systems as e.g. 

RADARSAT-II or TerraSAR, allow frequent, multipolarised observations of the Earth 

surface. Contrary to their predecessors, as e.g. the ERS and JERS satellites, the new 

sensor generation is capable to acquire data under different imaging geometries. This 

enables the frequent observation of an area of interest, which is crucial for operational 

app lications as e.g. flood forecasting or disaster management. Figure 1.2 gives an 

overview about actual and forthcoming spaceborne SAR systems and their temporal and 

spatial resolution capabilities, compared to the user requirements in various fields of 

applications (Schröder et al., 2004). 
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A profound understanding of the interactions between the electromagnetic waves and the 

land surface parameters is crucial for a quantitative analysis of these datasets. Due to the 

different imaging geometries and highly variable surface characteristics the interpretation 

of these multiple datasets becomes more complicated than that of a system with a unique 

geometry.  

Sophisticated models and analysis tools, applicable for various sensor types, are therefore 

needed. The availability of validated electromagnetic models that describe the 

interactions between the microwaves and natural surface characteristics is critical to 

comprehend and exploit the dependence of the SAR signal to geophysical parameters. 

They he lp to understand the complex mechanisms and simplify the transfer of inversion 

procedures to global scales. 

Adequate interfaces between remote sensing data and land surface process models, 

describing the energy and mass fluxes at the atmosphere-biosphere boundary layer, are  

needed to make use of these valuable geospatial datasets. The assimilation of remote 

sensing products into physically based process models is therefore another important 

topic in recent research (e.g. Crosson et al., 2002; Bach and Mauser, 2003; Bach, Mauser 

and Schneider, 2003). 

The launch of the ENVISAT platform in March 2002, started a new era in operational 

microwave remote sensing. The onboard ASAR sensor enabled the acquisition of new 

and challenging image datasets. 

Microwave backscattering coefficient is the result of complex interactions between 

electromagnetic waves and the land surface (Figure 1.3). It is dependant on various 

Figure 1.2: Observation frequencies and spatial resolutions of recent and    
                    forthcoming space   borne SAR systems, compared to specific user               
                    requirements 
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sensors and intrinsic objects specific parameters. Under different imaging geometries, the 

interactions between the various constituents within a resolution cell are different. To 

relate the object characteristics to the backscattering coefficient, a separation of the 

different contributing scattering terms, as e.g. soil, vegetation, topography is needed. 

The present work therefore concentrates to develop a technology to extract the dielectric 

constant of the soil from the ENVISAT ASAR data sets theoretical dielectric reversal 

algorithms are applied to extract the dielectric constant from the SAR imagery which 

gives out very important information about the various parameters of soil. 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.3: Examples  for  the  complex  interactions  between  microwaves  and                    
the  land  surface:  a)  specular,  b)  diffuse,  c)  corner  reflection,  d) volume 
scattering  
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1.2Aims 

The present study of Feasibility on potential use of Microwave SAR data in Electrical 

conductivity induced Land Degradation Assessment targets to develop a approach that 

can be used to accesses the variability in electrical conductivity of soil which leads to the 

land degradation assessment through retrieval of biophysical parameters of soil like the 

dielectric constant which helps in accessing t he condition of the salt content of the soil. 

 

1.3Objectives 
The study was undertaken with following objectives: 

 

I. To generate an electrical conductivity map using the satellite polarimetric SAR 

data. 

II. Comparative evaluation of various dielectric retrieval models. 

III. Study the synergism of satellite microwave SAR and optical remote sensing data  

   For assessment of salt affected lands. 
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2 SAR BASICS AND IMAGING PRINCIPLES 

2.1   SAR Principle  

An air- or spaceborne synthetic aperture radar system scans the Earth surface in a 

sidelooking manner as depicted in Figure 2.1. While the sensor is moving on its orbit 

it transmits and receives electromagnetic pulses at the rate of the pulse repetition 

frequency. The flight direction provides the azimuth and the perpendicular direction 

the range coordinate. From each object, illuminated within the systems footprint, it 

receives information at different times and from different pulses. By measuring the 

travel time of a pulse between transmission and reception, the range distance of an 

object can be determined. Contrary to real aperture radar (RAR), the received echoes 

from various pulses are used within a SAR system to generate a synthetic antenna 

length (synthetic aperture). By time integrating over different subapertures, the 

systems spatial resolution can be significantly improved. Hence a SAR system is an 

active system which illuminates the Earths surface with an own source of 

electromagnetic waves. Being independent from external sources of illumination 

makes it possible to operate the system day and night.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The atmosphere is almost transparent for microwaves. Contrary to the optical part of 

the electromagnetic spectrum the influence of the atmosphere on the signal is 

Figure 2.1: SAR imaging principle 
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negligible. This should not mislead to the assumption that there is no influence of the 

atmosphere. For several applications, e.g. weather radar, short microwaves are used to 

detect heavy rain or hail. The phase of the electromagnetic wave is also influenced by 

the atmospheric water content, which can even be used for inversion approaches 

(Hanssen et al., 1999). 

The commonly used frequency bands in the microwave region are given in Table 2.1. 

Dependant on the sensor configuration of a SAR system, different interactions of the 

electromagnetic wave with an object can be observed.  

 

FREQUENCY BAND WAVELENGTH [CM] FREQUENCY [GHZ] 

K 0.8…2.4 40.0…12.5 

X 2.4…3.8 12.5…8.0 

C 3.8…7.5 8.0…4.0 

S 7.5…15.0 4.0…2.0 

L 15.0…30.0 2.0…1.0 

P 30.0…100.0 1.0…0.3 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Table 2.1 Microwave frequency bands 

 

Figure 2.2:  General SAR imaging 
geometry 
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2.2 SAR Imaging Model 
 

2.2.1 Imaging Model 
 
The position of a SAR system on an orbit at time t is given by its Ear th centered state 

vector S ( t )
ur

 Assuming the imaging geometry given in Figure 2.2, the range distance 

Rs(t) 

 to a target P
ur

 can be calculatd as: P SV V−
uur ur

 

 ( ).( )Rs S P S P= − −
ur ur ur ur

    eq 2.1  

As already mentioned, a SAR system receives the echoes of an object within multiple 

pulses. The footprint of a system with a small beam width of 0.3° (e.g. ERS) gives a 

footprint on the Earth’s surface of about 5 km. At a pulse repetition frequency of 1680 

Hz, the beams footprint moves only ~4 m between the pulses. This means that each 

object is seen more than 1000 times by the radar (Olmstedt, 1993). The coherently 

recorded echoes of an object have to be integrated during the image formation process 

to estimate the objects position within the image plane. For that the Doppler 

frequency shift fD can be calculated for each orbit position by 

 

o p S S
D

S

2 f ( v v )R
f

2 R
−

=
ur ur uur

   eq 2.2  

With the carrier frequency f0 and the target and sensor velocities PV
uur

 and SV
ur

. The 

Doppler frequency is higher for objects approaching the sensor, than for objects the 

sensor is moving away from. The point, where the object is perpendicular to the 

sensors position, corresponds to the Zero-Doppler position. For any given object the 

corresponding Zero-Doppler position can be calculated iteratively using equation 

(2.1) and equation (2.2) (e.g. Meier, Frei and Nüesch, 1993; Löw and Mauser, 2003). 
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2.2.2 SAR Image Properties 

2.2.2.1  Local Imaging Geometry 

The angle between the incident wave and the normal vector on the geoid is defined as 

the incidence angle ?. It has a major influence on the radar backscatter. While ? is 

defined for a flat Earth the local incidence angle ?i takes the local terrain slope into 

account. It is defined as the angle between the incident ray and the local surface 

normal. This is illustrated in Figure 2.3. 

 

 

 

 

 

 

 

 

 

 

 

2.2.2.2 Azimuth Resolution 

The geometric resolution of an imaging system determines the spatial extent of a 

resolution cell on the Earth surface. The azimuth resolution ?a of a SAR system is the 

resolution of the system in flight direction, given as 

2
L

?a =    eq 2.3 

where L is the length of the physical antenna. Note, that ?a is independent from range 

distance. Theoretically the targets distance to the sensor does therefore not influence 

the azimuth resolution 

 

 

 

 

 

Figure 2.3: Global and local imaging geometries 
 

Figure 2.3:  Global and local imaging geometries  
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This can be explained by the concept of the SAR, which integrates information 

gathered within a certain time interval. For a physical antenna, the angular beamwidth 

? is directly proportional to the antenna size L and the wavelength ? ƒnas (Olmsted, 

1993) 

      
L
λ

γ =   eq 2.4          

The corresponding footprint Leff is a function of the range distance R as 

eff 
?R

L = ?R =
L    eq2.5 

For synthetic aperture radar, Leff corresponds to the distance; the target is within the 

beam. For targets in near range this integration time is shorter than for targets in far 

range, as can be seen from Figure 2.4. The effective angular beamwidth of a SAR 

system is then given by 

eff eff
?

?  = L
2        eq 2.6 

which is similar to equation(2.4), except for the factor 2, which is caused by the 

different collecting of phase shifts (Moreira, 1992). Using equation(2.5) the azimuth 

resolution can then be calculated as 

a eff eff
R R L

   R  L
R2 2( 2 )

L

λ λ
ρ γ

λ
 = = = =         eq 2.7     

which is equal to equation (2.3). 

Figure 2.4: SAR azimuth resolution 
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2.2.2.3  Range Resolution  

The range resolution of a SAR system depends on the pulse length t of the transmitted 

signal. Two objects, illuminated by the same pulse, cannot be distinguished, whereas 

objects with a distance larger than the resolution cell can be separated (Figure 2.5). 

The slant range resolution ?r is given by 

r
c
2
τ

ρ =     eq 2.8 

where c is the speed of light. Assuming a flat Earth surface, the corresponding ground 

range resolution ?G for an incidence angle ? is given by 

G
c

2 sin( )θ
τ

ρ =  eq 2.9 

Thus, the geometric ground resolution is dependant on the incidence angle. In the Far 

Range region, the resolution is better than in the Near Range of the footprint. This is 

shown in Figure 2.5, where the points P1 and P2 can not be separated by the SAR 

system whereas P3 and P4, which have the same ground distance, can be separated 

due to the better spatial resolution. 

 

 

 

 

 

 

 

 

 

 

 

      
                   
 

 

2.2.2.4 Relief Distortions 

Figure 2.5: Range resolution of a SAR system: The ground range resolution is 
increasing from near to far range 
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Due to the side looking geometry of a SAR, the relief can induce significant 

geometric and radiometric distortions to the image product. Scattering occurs from 

sloping and faceted surfaces, which creates local distortions that depend on the 

surface to beam orientation. These distortions can be corrected using rigorous image 

processing techniques. Figure 2.6 shows the slant and ground range planes for rugged 

terrain as seen by a SAR system. Slopes, facing towards the sensor cause a 

displacement of the elevated parts of the terrain towards the sensor. This 

foreshortening is the reason why surfaces, directing towards the sensor, appear bright 

in SAR images. The energy of many scatters is compressed within few image pixels. 

The extreme foreshortening, where the signal from the top of a mountain reaches the 

sensor before that of the base is named layover. Areas aspecting away from the sensor 

or lying behind the top of a mountain are not illuminated. No backscatter return is 

therefore received from that shadow region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

In along track direction, the radial velocity between the sensor and the target changes 

with changing terrain height, which introduces an additional Doppler frequency shift. 

For the ERS configuration, this terrain introduced shift causes a misalignment of 110 

m or 9 azimuth pixels for a height difference of 1000 m and targets in the mid -

latitudes (Meier, Frei and Nüesch, 1993). For slopes, facing the incident wavefront, a 

larger ground area contributes to the returned signal of a slant range resolution cell, 

Figure 2.6:  Geometric and radiometric relief distortions  
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than for slopes lying in the opposite direction. The slope and aspect of the scattering 

surface produces significant changes of the scattering area among neighbouring 

resolution cells. The correction of this effect is crucial.  

 

2.3 Radar Equation and Backscattering Coefficient 
The power, received at the antenna of a SAR system, is recorded and can be 

processed to a two-dimensional image (e.g. Bamler and Schättler, 1993; Curlander 

and Mcdonough, 1991; Moreira, 1992). The received power is given by (Ulaby et al., 

1982; Klausing and Holpp, 2000): 

T
2

R 3 4
P G

P dA
( 4 ) R

σ °λ
=

π ∫ g     eq 2.10 

PR, PT  = average received power, transmitted power 

G        = antenna gain 

A       = illuminated area 

R       = range distance 

?         = wavelength 

s ?          =  backscattering coefficient                   
Equation (2.10) is known as the radar equation. A derivation of the formula is given 

in Appendix A1. The target scattering characteristics are comprised by the 

backscattering coefficient s0. It describes the ratio of the energy scattered by the 

target compared to the energy scattered by a lambertian isotropical surface. For 

distributed targets, s0 is the normalized radar cross section (RCS) of the scatterers 

within a resolution cell: 

2

2
m

A m

σ
σ °  

=  
  

    eq 2.11  

Thus for the derivation of s 0, the scattering area must be known. The scattering area is 

strongly influenced by terrain undulations. During the image generation procedure, 

the local terrain slopes are not known. Therefore image products are not normalized to 

the ground surface. The normalization of the grey values is done in the slant range 

geometry, which means that the unit area is given by the azimuth and slant range 
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resolution of the imaging system. Thus, the image is directly proportional to the 

received power and is called a brightness image. Contrary to the backscattering 

coefficient on the ground s 0, it is abbreviated by ß0. A third possibility exists, where 

the image is normalized to the area perpendicular to the incident ray in Figure 2.7 the 

three different possible normalization methods are shown.  The only backscattering 

coefficient, being independent from the local imaging geometry is ß0. This is the 

reason why SAR image products are always delivered as ß0 images (Shepard, 2000; 

Rosich and Meadows, 2004). 

 

 

 

 

 

 

 

 

 

2.4   Microwave Interactions with Natural Surfaces 
Complex interactions take place between the incident electric field of a SAR system 

and an object on the Earth’s surface. Along with the system related parameters, the 

geometrical and electrical properties of the  objects as well as the local imaging 

geometry have an influence on the radar backscatter (Table 2.2). The understanding of 

the interplay between the sensor and object parameters is therefore needed for the 

retrieval of land surface parameters from SAR data.  

 

 

 

 

 

 

Figure 2.7: Definition of the backscattering coefficients s
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Table 2.2: fundamental system and target parameters influencing the radar backscatter 

 

SYSTEM PARAMETERS TARGET PARAMETERS 

Wavelength or frequency Surface roughness 

Polarization Dielectric properties 

Look angle  Slope and orientation 

Resolution  

2.4.1 Sensor Parameters  

2.4.1.1 Frequency / Wavelength 

 

 

 

 

 

 

 

 

 

 

The selection of the operating frequency of a radar system is dependant on the 

application. For example, the appearance of vegetation or soils changes with changing 

frequency. Generally, lower frequencies are capable to penetrate deeper into a 

medium. Figure 2.8 shows the differences in information content of various 

frequencies. The same area was imaged with two frequencies (X- and P-Band). It can 

be seen, that there is predominant structural information in the X-band image. Field 

boundaries can be distinguished easily and the backscatter of the forest in the image 

center is comparable to that of the agricultural areas. In the P-band image on the other 

hand, field boundaries are not visible any more. The forest appears very bright 

instead. The reason is that the P-band is not influenced by scatterers smaller than the 

wavelength such as leaves or stalks. It can therefore penetrate into the forest canopy 

and the high backscatter results from corner reflections between the trunks and the 

Figure 2.8: Frequency dependant information content of a SAR image (a) and 
schematic penetration depth for vegetation canopies (b) (low, 2000) 
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underlying surface. In addition, technical considerations are a major constraint for the 

decision of the frequency of a SAR system. The radar equation (2.10), implies, that 

larger antenna sizes are needed for lower frequenc y systems, which is a major 

constraint for spaceborne SAR systems.                   

2.4.1.2 Polarisation 

The polarisation of an EM-wave is defined by the direction of its electric field vector 

figure 2.9. Radar systems can have single, multiple or full polarised configurations. A 

single polarised system records information only in one transmit/receive polarization 

combination, while a multiple system, as ENVISAT ASAR, has different possible 

channel combinations. A fully polarimetric SAR system stores the full scattering 

matrix which allows to reconstruct the depolarisations caused by a target. 

Depolarisation of the transmitted signal is primarily a consequence of  

a) Quasi specular reflection from corner reflectors, 

b) Multiple scattering from rough surfaces and 

c) Multiple volume scattering. 

Targets with a characteristic geometrical shape with regard to the incident 

polarization influence the signal return significantly. Features having a linear vertical 

shape, as e.g. a wheat field, have stronger influence on a VV polarised EMwave than 

a comparable HH-polarised field. The stalks of the plants behave like small dipoles 

which influences the signal return. The incorporation of multiple -polarisation radar 

datasets in the analysis of SAR images raises the understanding of the signal/target 

interactions and can simplify surface parameter retrieval. 

 

 

 

 

 

 

 

 Figure 2.9: Definition of the polarization vector 
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2.4.1.3 Incidence Angle 
The incidence angle of radar is dependant on the sensor’s look angle and the target’s 

local slope and aspect, with regard to the incident wave. Local terrain slopes have 

significant influence on the backscattering coefficient, making quantitative image 

analysis difficult. Therefore a systematic correction of the terrain induced grey value 

changes has to be applied on the image data.  The interaction between the target and 

the EM-wave also depends on the incidence angle. The sensitivity of the signal to 

surface roughness or the contribution of a vegetation canopy to the signal increases 

with increasing incidence angle. 

2.4.1.4 Object Parameters  
Several target parameters have an influence on the backscattering process. They are 

directly interrelated with the sensor parameters. The returned signal from a resolution 

cell is the sum of different backscatter contributions within that cell.  

2.4.1.5 Surface Roughness  
Roughness in this context means the “smoothness” of the target with respect to the 

wavelength and incidence angle (Lewis and Henderson, 1998). Thus, the same surface 

has a different effective roughness in different frequencies and under different 

incidence angles. When a surface is smooth, the impinging energy is reflected away 

from the surface, governed by Snell’s law. As the roughness increases, the directional 

component of the scattered energy becomes more diffuse. For a perfect lambertian 

surface, the energy is scattered isotropically. The scattered component increases, 

while the reflected component of the signal decreases (Figure 2.10).  

 

 

 

 

 

 

In a first approximation, a surface can be treated as rough if it meets the Rayleigh 

criterion (Ulaby et al., 1982): 

Figure 2.10 : Specular reflection and diffuse scattering from a smooth (a), medium rough 
(b), and very rough lambertian (c) surface  
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h
8cos

λ
θ

>                           eq 2.12 

where h is the average height variation of the surface and ë is the wavelength. For 

natural surfaces, the Rayleigh criterion is often not strict enough because the surfaces 

have roughness spectra similar to the wavelength, resulting in frequent scattering. A 

more stringent criterion is therefore needed. Ulaby et al. (1982) therefore propose the 

Fraunhofer criterion. It is defined as: 

h
32cos

λ
θ

>                      eq 2.13  

2.4.1.5.1 Surface Roughness Characterization 
The description and derivation of surface roughness parameters is important for the 

understanding of the backscattering mechanisms. They are needed as input variables 

for theoretical electromagnetic models. Commonly, the surface roughness is 

expressed in terms of the rms height s and autocorrelation length l (Davidson et al., 

2000; Dobson and Ulaby, 1998). The rms height describes the vertical roughness of 

the surface as the deviation from the average height h . It is defined as 

n
2

i
i 1

( h h )

S
n

=
−

=
∑

                eq 2.14   

The surface autocorrelation function is a measure of the degree of correlation between 

the height h(x) and the height(x + ?), where ? is the displacement factor. The 

horizontal roughness is expressed by the autocorrelation length l, which is defined as 

the distance where the value of the autocorrelation function is less than e-1 (Figure 

2.11). For a perfectly smooth surface l is 8 . To approximate the shape of the 

autocorrelation function p(?) by theoretical functions, exponential or gaussian 

distributions are commonly used. They are given as (Dobson and Ulaby, 1998) 

p(?) = exp(-?2/l2)        Gaussian 

p(?) = exp(-v2| ? |/ l) Exponential 
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2.4.1.6 Dielectric properties 

The scattering and absorption of EM waves by a media is strongly dependant on its 

dielectric properties. These are described by the complex dielectric constant which is 

a measure for the polarisability of the media. The complex permittivity ec , often 

called the dielectric constant, is the principal description of the medium’s response to 

the presence of an electric field. It is given as (Raney, 1998) 

ec= e’ - j e’’= e?(er’ - j er’’)     eq 2.15   

where e? = 8.85*10-12[farad/m] is the permittivity of free space, e’ is the absolute and 

er’ the relative dielectric constant. Both, e’ and er’ can be found in the literature, but 

the distinction between the absolute and relative values are not always reliable. The 

relative dielectric constant, representing an intrinsic property of the media, is often 

cited in the literature simply as dielectric constant. To be consistent with other 

publications (e.g. Dobson and Ulaby, 1998; Ulaby et al. 1982; Hallikainen et al., 

1985), e’ is also referred as dielectric constant within this work. The  real part of the 

dielectric constant er’ defines the relative permittivity of the media. It influences the 

wave propagation and depolarisation and defines the amount of scattered energy. The 

polarisation of the molecules at the boundary layer between two media produces a 

separation of the electrical charges. The force of this separation is expressed by er’. 

The imaginary part er’’ is a measure for the absorption properties of the media. It is 

common to express the loss properties in terms of the loss tangent 

Figure 2.11: Derivation of rms height and autoc oorelation length from surface roughness     
              profiles 
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r

r

''
tan

'
δ

ε
=

ε
                 eq 2.16 

Most natural materials have dielectric constants ranging from 3 to 8 when dry, while 

liquid water has a high dielectric constant due to its dipole character (Tipler, 1994). 

For frequencies below 5 GHz the dielectric constant of water is about 80. For higher 

frequencies, it decreases but remains significantly larger than that of other natural 

materials (Mätzler, 1987). Thus, the dielectric constant is strongly influenced by the 

water content of the media . High moisture content implies a high radar reflectivity 

and a high signal return. Therefore the penetration depth of the EM-wave into a media 

is inversely proportional to the water content. High moisture contents lead to high 

reflection at the top of the  surface, resulting in low penetration depths. Subsurface 

contributions to the signal have therefore a higher probability of penetration under dry 

conditions. The penetration depth Dpen is defined as the depth, at with I(Dpen) / I(0) 

= e-1, where I(0) is the intensity of the transmitted wave at the interface between two 

media. It is dependant on the radar wavelength and the local incident vector. The 

intensity of the wave at a given depth is then given by r defined as (Raney, 1998): 

 
rI ( r ) I(0).e α−=
r

                   eq 2.17 

where r
r

 is the vector of the incident field and a is the attenuation factor which is 

defined as (Raney, 1998): 

 

22
 = 0.5 1 tan 0.5α δ

λ
π

+ −     eq 2.18   

Figure 2.12: shows the penetration depth for the ENVISAT ASAR sensor 

configuration (C-band) for various surface moisture contents and incidence angles. 

For most cases, the penetration depth is within the upper 1-2 centimeters. This 

uppermost soil layer may have significant different moisture content than the lower 

soil layers.  
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Figure 2.12 : Penetration depth at 5.3 GHz for different incidence angles  
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3 REIVIEW OF LITERATURE 
3.1 Review of Literature  

Remote sensing performs the detection, collection and interpretation of data from 

distance by means of sensors. These sensors measure the reflectance of 

electromagnetic radiations from the features at the earth surface. The radiation energy 

is transmitted through space in waveform and is defined by wavelength and amplitude 

or oscillation. The electromagnetic spectrum ranges from gamma rays, with 

wavelength of less than 0.03 nm, to radio energy with a wavelength of more than 30 

cm. In remote sensing applied to land resources surveys, wavelengths between 0.4 

and 1.5 mm are commonly used.  

A variety of remote sensing data has been used for identifying and monitoring salt-

affected areas, including aerial photographs, video images, and infrared 

thermography, visible and infrared multispectral and microwave images (Metternicht 

and Zinck, 2003). 

The use of the multispectral scanning (MSS) technology for natural resource surveys 

concerns the images obtained by Landsat MSS/TM (Thematic Mapper) and Spot. 

Type and variation of the images depend on the electronic scanners, which record the 

reflected radiations in the separate bands. Landsat offers a much wider rang of bands 

(spectral diversity) than SPOT, which enhance the detection of surface features.  

Both types of classification, unsupervised and supervised, were used for the proper 

identification of salinity, mostly at regional level. MSS bands 3, 4 and 5 are 

recommended for salt detection in addition to TM bands 3, 4, 5 and 7  (Naseri, 1998).  

Interesting studies of using satellite images for salinity detection were conducted by 

Chaturvedi et al. (1983) and Singh and Srivastav (1990) using microwave brightness 

and thermal infrared temperature synergistically. The interpretation of the microwave 

signal was done physically by means of a two-layer model with fresh and saline 

groundwater.  

Menenti, Lorkeers and Vissers (1986) found that TM data in bands 1 through 5 and 7 

are good for identifying sa lt minerals, at least when the soil  had a dominant salt 

constituent. 
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Mulders and Epema (1986) produced thematic maps indicating gypsiferous, 

calcareous and clayey surfaces using TM bands 3, 4 and 5. They found that TM is 

valuable aid for mapping soil in arid areas when used in conjunction with aerial 

photographs.  

Sharma and Bhargava (1988) followed a collative approach comprising the use of 

Landsat2_ MSS “FCC” (False Colour Composite), survey of Topomaps and limited 

field checks for mapping saline soils and wetlands. Their results showed that because 

of their distinct coloration and unique pattern on false color composite imageries the 

separation of saline and waterlogged soil is possible.  

Saha, Kudrat, and Bhan (1990) used digital classification of TM data in mapping salt 

affected and surface waterlogged lands in India, and found that these salt-affected and 

waterlogging areas could be effectively delineated, mapped and digitally classified 

with an accuracy of about 96 per cent using bands 3, 4, 5, and 7. 

Steven et al. (1992) confirmed that near to middle infrared indices are proper 

indicators for chlorosis in the stressed crops (normalized difference for TM bands 4 

and 5). Mougenot and Pouget (1993) have applied thermal infrared information to 

detect hygroscopic characteristic of salts, and they found that reflectance from single 

leaves depends on their chemical composition (salt) and morphology. The 

investigations of Vidal et al. (1996) in Morocco and Vincent et al. (1996) in Pakistan 

are based on a classification-tree procedure. In this procedure, the first treatment is to 

mask vegetation using NDVI. Then the brightness index is calculated to detect the 

moisture and salinity status on fallow land and abandoned fields.  

Brena, et al. (1995), in Mexico, made multiple regression analysis using the electrical 

conductivity values and the spectral observations to estimate the electrical 

conductivity for each pixel in the field based on sampling sites. They generated a 

salinity image using the regression equation and the salinity classifications. And their 

experimental procedure was applied to an entire irrigation district in northern Mexico.  

Ambast et al. (1997) used a new approach to classify salt affected and water logging 

areas through biophysical parameters of salt affected crops (albedo, NDVI), his 

approach based on energy partitioning system named Surface Energy Balance 

Algorithm For Land, SEBAL (Bastiaanssen, 1995). It is clear that most of the 

published investigations based on remote sensing distinguish only three to four 
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classes of soil salinity. Moreover most of them focused on empirical methods by a 

simple combination of multi spectral bands, and very few concentrated on the 

biophysical parameters of environment. The study of mapping soil salinity by 

biophysical parameter for monitoring and mapping of environmental change can be 

done by the help of Radar as it  is known to be sensitive to natural surfaces parameters 

such as vegetation, surface roughness (Evans et al. 1992) and dielectric constant (e) 

(Engman, 1991).On bare surface the dielectric constant is highly dependent on soil 

moisture due to the large difference in dielectric constant of dry soil (2-3) and water 

(80) (Dubois et al. 1995). The dielectric constant is comprised of the permittivity of 

real part and the loss factor or imaginary part when comparing the complex dielectric 

constant of pure water with saline water (Stogryn, 1971) minimal difference is there 

in the real part but there is significant difference comes in the imaginary part at 

microwave frequencies less than 7 GHz (Ulaby et al. 1986)  

Bell et al. (2001) uses the airborne polarimetric SAR for mapping soil salinity. The 

three dielectric retrieval algorithms, the SPM, PO & DM were implemented and the 

results of these were combined to retrieve an improve estimate of the magnitude of 

the imaginary part of the complex dielectric constant for soil salinity discrimination 

Taylor et al. (1996) applied the SPM model to the pyramid hill areas when all the 

surface soils were fully saturated. Their results demonstrated that variation in the 

magnitude of the dielectric constant was correlated with the soil salinity variation. 

The variation in the dielectric constant beyond volumetric soil moisture of 30% was 

attributed to changes in the imaginary part. The results were consistent with the 

algorithms validation limits and the results found in the (Ulaby et al. 1986). The 

derivation of salinity was improved by Taylor et al. (1996) by applying a vegetation 

correction to the data before the SPM model application to compensate for attenuation 

by partial vegetation cover. 

Kierien- Young (1992) described a method for determining the roughness of ground 

surfaces using the multi frequency attributes of AIRSAR imagery. The first order 

perturbation model for radar scattering process had been used to estimate the surface 

power spectral density at each of the three AIRSAR frequencies. 

John O.Curtis (2001) presented a polynomial model for predicting soil moisture from 

permittivity measurements at 100 MHz. The laboratory measured dielectric property 
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data and related electromagnetic wave propagation parameters are reported for a 

broad range of soil textures. The dielectric permittivity and phase velocity are shown 

to be very strong functions of volumetric soil moisture. Wave attenuation was in turn 

controlled by the dielectric permittivity and electrical conductivity or equivalently the 

complex dielectric constant of the soil. Finally these dielectric properties are going to 

be functions of signal frequencies the amount and nature of water in the soil, the 

chemistry of the soil, and the physical properties of the soil such as its structure and 

its mass density. 

Shi et al. (1997) developed an algorithm based on a fit of the single scattering integral 

equation method (IEM), which provided the estimation of soil moisture and surface 

roughness parameter from polarized synthetic aperture radar. 

IEM model offers an alternative approach for the retrieval of volumetric soil moisture 

form the SAR data. Although the IEM model is valid for a wider range of surface 

roughness conditions compared to theoretical models the complexity of this model 

makes its application directly to the SAR data to infer soil moisture and roughness 

parameters are rather difficult. 

Dubois et al. (1995) developed an empirical algorithm for the retrieval of soil 

moisture content and surface root mean square (RMS) height from the remotely 

sensed radar data using scatterometer data. The algorithim is optimized for bare 

surfaces and requires two copolarised channels at a frequency between 1.5 to 11GHz. 

The algorithim gives the best results for Kh < 2.5 µv <35% & ?> 30?. 

N.Holah et al. (2005) investigated and analyzed the sensitivity of ASAR(advanced 

synthetic aperture radar) data to soil surface parameters i.e. surface roughness and soil 

moisture over bare field at various polarizations(HH,HV and VV ) and incidence 

angles (20 ? - 43?). The results showed that HH and HV polarizations are more 

sensitive than VV polarization to surfaces roughness also the radar signal is more 

sensitive to surface roughness at high incidence angle (43?). The dynamics of the 

radar signal as a function of soil roughness are weak for root mean square (rms) 

surface heights between 0.5 cm and 3.56 cm.the backscattering coefficients is more 

sensitive to volumetric soil moisture in HH polarization than in VV polarization. 

M.R.Sahebi et al. (2003) evaluates the influence of frequency, polarization and 

incidence angle for the estimation of bare soil moisture using RADARSAT – 1 SAR 
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data. The parameters of the two linear backscatter models, the Ji and Champion 

models were tested and the constants were recalculated to reduce the rms error for the 

backscattering coefficient. 

F.Zagolski et al. (1999) conducted a study using RADARSAT – SGC time-series for 

which a set of filtering techniques like box and median filters are more sophisticated 

filters using wavelet representation and simulated annealing were applied to reduce 

the speckle generated due to the multiplicative noise. The results of the study stressed 

that depending on the speckle filtering method used there was a significant deviations 

were obtained on the estimation of the soil properties. 

S.Kaojarern et al. (2004) estimated the residual surface soil moisture of the rice fields 

after harvesting using C band SAR images. The information about the residual soil 

moisture is important to determine the possibilities of cultivating additional short 

cycle crops after harvesting the main crop. The SAR images were first calibrated 

registered and then filtered using multitemporal and spatial filters to reduce the 

variability of radar backscattering coefficient due to speckle. The correlation was 

obtained between the radar backscattering coefficient and the field measured soil 

moisture of the experimental plots. Overall they found that two soil moisture classes 

could reliably separated using the SAR image and the soil moisture maps could be 

obtained through a simple inversion technique based on applying a threshold to the 

SAR images. 

Ziad Aly et al. (2004) carried out a study to demonstrate that how the salt affected soil 

affects the calculation of the back scattering coefficient if the radar image moreover 

they also calculated the dielectric constant through several dielectric reversal models. 

The RADARSAT-1 images were used for the study and their was a significant effect 

in the back scattering value due to excessive presence of the salt also the salt affected 

areas were having a high dielectric constant value. 

 

 



Feasibility study on potential use of Microwave SAR data in Soil Salinity Induced 
Land Degradation Assessment 

 
 
 

 45 

 
 
 
 
 
 
 
 
 

CHAPTER -IV 
STUDY AREA  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Feasibility study on potential use of Microwave SAR data in Soil Salinity Induced 
Land Degradation Assessment 

 
 
 

 46 

4 STUDY AREA  

 
4.1 Study Area 
 
The study area lies in the UNNAO district of Uttar Pradesh ranging in latitude from 

26°16' N to 26°40' N and longitude from 80°30' E to 80°55' E figure 4.1. The district 

is named after its Headquarter town, Unnao. About 1200 years ago, the site of this 

town was covered with extensive forests. Godo Singh, a Chauhan Rajput, cleared the 

forests probably in the  3rd quarter of the 12th Century and founded a town, called 

Sawai Godo, which shortly afterwards passed into the hands of the rulers of the 

Kannauj, who appointed Khande Singh as the Governor of the place. Unwant Singh, a 

Bisen Rajput and a lieutenant of the Governor, killed him and built a fort here, 

renaming the place as Unnao after himself Situated between rivers Ganga and Sai, 

Unnao has, since ancient times, made place in the pages of history. The district has 

been popular from the view of history, literature, religious and cultural heritage.  The 

District is divided into 5 Tehsils Unnao, Hasanganj, Safipur, Purwa & Bighapur and 

16 development Blocks namely - Ganj Moradabad, Bangarmau, Fatehpur Chaurasi, 

Safipur, Miyanganj, Auras, Hasanganj, Nawabganj, Purwa, Asoha, Hilauli, Bighapur, 

Sumerpur, Bichia, Sikandarpur Sirausi, Sikandarpur Karan 
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4.2 Topology  

The Ganga and The Sai the chief rivers of the district have played an important role in 

fashioning the topology of the district that may be divided into two main parts - The 

Lowlands and the Upland. 

 

4.2.1 Lowlands  

 

These tracts comprising about 23.7 % of the total area of the district lie along the 

Ganga in the west and along the Sai in the extreme north and east. The lowland of the 

Figure 4.1 : Showing study area 
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Ganga also known as the tarai or khadar , lies between the main channel of the river, 

and its old high bank. It varies in width from a km to about 10 km getting wide 

wherever the Ganga meets its tributaries eg. in the north-west and in pargana Pariyar. 

The narrowest section of the tract lies in the pargana Unnao near the railway bridge 

over the Ganga. The Lowland is liable to frequent floods and is thinly populated. A 

considerable area of the tract is overgrown with grass and babul trees. The 

characteristic soil is stiff clay except where sand has been deposited by fluvial action. 

The lowland produces usually  a precarious Kharif harvest and good Rabi crops in a 

succession of dry years but it is disappointing in a wet cycle. Along the immediate 

bank of the river, there is a narrow strip of alluvial land, constantly subject to 

inundations. The Ganga lowlands comprise 19% of the total area of   the district. The 

lowland of Sai is similar though smaller in extent. It contains mostly a stiff and moist 

soil liable to get waterlogged in wet years and produces reh which considerably 

reduces its fertility. 

 

4.2.1 Upland  
 
Extending from the old high bank of Ganga to the Sai valley, the upland comprises 

about 76% of the area of the district. The course of the high bank, though irregular, is 

well defined. On top of the high bank, there is a belt of high soil, with a width of 1.5 

km to 7 km. In the upland, the surface is gently undulating, the water table is low, and 

the irrigation facilities are scanty. Another belt of similar light soil is met with along 

the banks of the Sai. The soil occasionally  rises to bhur and, in parganas Sikandarpur 

& Faterpur Chaurasi, there are substantial sandy bluffs projecting into the Tarai. 

Further inland, the tract is mainly of fertile stiff loam broken by large usar wastes and 

shallow rice depressions. At places, ridges of sandy soil cause large depressions in 

which clay predominates. The deeper of these depressions form permanent lakes & 

tanks. The depths and sizes of these lakes and tanks increases as one proceeds from 

north to south. The streams running through the tract are comparatively unimportant, 

with the exception of the Basha and Loni streams. The country on either side of  the 

former, which springs in the bhur tract in the north west of pargana Jhalotar-Ajgain 

and runs, like a stream, through parganas Gorinda-Parsandan, Purwa  & Mauranwan 

and then leaves the district for Rae Bareli, is characterised by frequent outcrops of 
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bhur. It provides a cheap and easy means of irrigation and excellent crops of rice are, 

in many places, grown in its bed. The Loni is shallow at its source, but during the 

rains, it flows in a wide bed in which excellent crops of transplanted paddy are grown.  

 

4.3  River Systems & Water Resources 
The Ganga and the Sai are the main rivers of the district, the former making its 

western and southern boundaries and the latter, for the greater part of its course, 

forming its northern & eastern boundaries. Among the other mainstreams of the 

district are Kalyani, the Tanai, the Loni and the Morahi (Naurahi), all tributaries of 

the Ganga. These rivers generally run dry during the hot weather, but hold water 

during the greater part of the year and are utilized for irrigation.  

4.3.1 Ganga 
 
The only great river of the district is the Ganga which first touches the district near the 

village of Purwa Gahir, in pargana Bangarmau and flows south-eastward, seperating 

this district from districts Kanpur and Fatehpur. Generally it flows from north-west to 

the south-east, but it makes several sharp bends such as those near Umriya 

Bhagwantpur, and Rustampur in tehsil Safipur,   Rautapur in tehsil Unnao and Ratua 

Khera and Duli Khera in tehsil Purwa. The Ganga receives the Morahi near Baksar 

where it flows close to its old high bank. It leaves the district at a short distance from 

Baksar. 

    The river is not, however, put too much use either as a waterway or as a source of 

irrigation. There are several ferries for pedestrians and pilgrims but none of them 

approaches what may be termed a trade route. The river cannot, as a rule is utilised for 

irrigation owing to the height of the bank but certain of its small drainage channels or 

sotas, which run island for a considerable distance in some parganas, are sometimes 

used to irrigate crops grown in lowlying alluvial lands. Otherwise, cultivated lands lie 

at great distances and cannot be irrigated from the river whose water would, in order 

to irrigate these lands, have to be passed through the sands on the sides of the river, 

and in the process be greatly washed, if not altogether absorbed. The main channel of 

the river is subject to constant variation and the cultivation in its immediate 

neighbourhood is, therefore of a shifting kind.  
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    It appears from its old high bank that the river has a general tendency to shift its 

course to the west. In the days of Akbar, the river skirted the village of Ghatampur but 

has since then so altered its course that it now runs about 8 km to the south-west of 

this village. 

4.3.2 Lakes 
 
There is unusually large number of swamps & lakes of great size and value, 

particularly in the southern & eastern parts of the district. The larger lakes, which hold 

water all the year round, are the Kundra Samundar near Jhalotar, the lake near 

Nawalganj, the wide expanse of water near Kantha and the long chain of lakes in 

pargana Mauranwan. In Tehsil Safipur, the more important tanks are those at Mawai-

Bhari and Kursat and the Harial Tal near Mustafabad. In Tehsil Hasanganj, besides 

the Kundra Samundar at Mawai, there are the Kulli Bani and Jalesar tanks near 

Ajgain and the chain of lakes called Basaha, which it seems, partakes of certain 

characteristics of a stream   also, travelling a distance of 96 Kms in the district and 

eventually leaving it for district Rae Bareli where it is reckoned as a tributary of the 

river Sai. In the western part of the Tehsil are the Katgari lake near Asiwan and the 

stretches of water at Amarpur, Sambha, Sheothana, Marenda & Asakhera, but in its 

northern and eastern parts, there are only small and very shallow tanks which dry up 

when rainfall is deficient. In Tehsil Unnao there are no important lakes, but a number 

of very shallow depressions, which get filled up with water during the rains and yield 

excellent crop of rice. 

        In Tehsil Purwa there are many lakes, situated in a well defined belt stretching 

along the whole length of the tehsil. The main among them are the lakes at Kantha, 

Bhadain, Unchagaon, Qila, Akhori, Miri, Zorawarganj and Sarwan. The Barhna tank 

near Sagauli, the Mohan and Sukrar lakes near Mauranwan, and several others, like 

the Bharda lake, skirting district Rae Bareli. Besides these, there are the ta nks at 

Sahrawan, the Bhundi tank at Gulariha, and the Kumbha tank at Bhagwantnagar. The 

lakes at Kantha, Sagauli, and Barela contain water all the year round, while the others 

generally provide irrigation for the Rabi crops only, drying up in the years of 

drought.These lakes and tanks abound in fish, and singhara (water chestnut)  is very 

extensively grown in them.   
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4.4 Geology 
Geologically the district forms part of the vast Indo-Gangetic alluvial tract, of which 

the origin is attributed to a sag in the earth's crust, formed, in the upper eocene times, 

between the northwardly drifting Gondwanaland and the rising Himalayan belt, and 

gradually filled in by sediments so as to constitute a level plane with a very gentle 

seaward slope. The alluvium formation of the  district, comprising sand, silt & clay 

with occasional gravel, is of the early quaternary to sub-recent age. The older 

alluvium called bhangar, forms slightly elevated terraces usually above the flood 

levels. It is rather dark in colour generally rich in concretions and nodules of impure 

calcium carbonate, locally known as kankar. The newer alluvium, called khandar, 

forming the lowlands between the Ganga and Bhangar, is light coloured, poor in 

calcarious contain and composed of lenticular beds of sand, gravel and clays. The 

economic minerals found in the district are kankar, reh and sand. 

 

4.5 Agriculture  
The area under cultivation in the district is about 92% of the total district area with 

wheat is the main crop of rabi season (figure 4.2) and the paddy is the main crop of 

kharif season. The district receiving a normal annual rainfall of 837.80 mm with rainy 

days experiences sub -tropical climate. The irrigation in the district takes place through 

Sharda Canal network system and tubewells. About 87% area of ne t sown area (3, 

00,000 hectares) is irrigated both by surface water (Sharda Canal network system) and 

ground water through shallow and moderately deep tubewells. The share of surface 

water irrigation is 48% while that of ground water is 52%. The economy of the district 

mainly depends upon Agriculture 

 

 

 
 
 
        
 

Figure 4.2: showing different stages of wheat growth in study area 
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4.6    Soils  

The soils present are generally having high salt content. These soils are locally termed 

as reh, rehala or namkeen the common outwardly feature of this type of soil is the 

presence of extensive white, grayish- white or ash coloured fluffy deposits of salts on 

the surface of the land, either in patches scattered irregularly or otherwise in blocks 

shown in figure 4.4. Inwardly, the soil possesses an open structure. The texture of the 

soil varies from loamy sand to loam; but the soil and subsoil are not compact and 

dense or inherently impervious to water. There is usually no hard pan or kanker layer 

in the subsoil. The salt contents are usually high to inhibits plant growth and so 

vegetation exists on these soils during the monsoon period when with increase in 

moisture content there is either dilution effect period when with increase in moisture 

content there is either dilution effect or some salts may leach down the profile figure 

4.3 shows wheat grown in these type of soils. 
 

 

 

 

 

 

 

 

 

 

Figure 4.3: Wheat in salt affected soil. 

Figure 4.4: Barren land with very sparse vegetation. 
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CHAPTER – V 

ENVISAT ASAR 
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5 ENVISAT ASAR 

On the last night of February 2002 ESA's Envisat - the largest and most sophisticated Earth Observation spacecraft ever 

built – swapped the tropical atmosphere of French Guiana for orbital vacuum, as it was shot 800 km into the sky by 

Ariane 5 launcher with the biggest instrument onboard called The Advanced Synthetic Aperture Radar 

(ASAR).It was built to continue and extend Earth observation using SAR. Figure 5.1 

shows the ASAR antenna on board of the satellite and in the laboratory. The deployed 

antenna has a size of about 10 meters. 

 

 

 

 

 

 

 

 

 

 

Based on the experience with ERS-1/2, several enhancements have been made for 

ASAR. Most important is the replacement of a central power amplifier for the 

antenna, by an active phase array antenna system with distributed elements. The 

whole antenna consists of 320 independent Transmit/Receive (T/R) modules, 

organized in 32 rows of 10 modules, which can be adjusted each individually (Rosich 

et al., 2003). As a result, the instrument can be used in a very flexible manner. It 

allows different polarisation combinations, incidence angles and imaging modes. 

Table 5.1 summarizes the main characteristics of the sensor. More detailed technical 

information can be found in ESA (2002).  

 

 

 

 

Table 5.1 Main ASAR configuration parameters  

 

Figure 5.1: ASAR sensor onboard (left) and antenna in the laboratory (right); 
               (modified after ESA, 2002) 
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PARAMETER ASAR CONFIGURATION 

orbit altitude ~799Km 

Orbit inclination angle [?] 98.55 

Incidence angle range x 14 - 45 ? 

Swath width 58 – 109Km 

Frequency / wavelength 5.331 GHz / 5.6224cm (C-band) 

Polarization HH/VV/VH/HV 

Calibration accuracy ± 0.5 db 

Range sampling rate [MHz]  19.21 

Pulse repetition frequency [Hz]x 1709 – 2067 
x dependant on selected configuration 

5.1 Selectable Imaging Modes and Incidence Angle 
ENVISAT ASAR has different selectable imaging modes which can be chosen by the 

user prior to the acquisition. Additionally the possibility to control the direction of the 

antenna lobe allows for the acquisition of images with different incidence angles. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The different imaging modes of ASAR, shown in Figure 5.2 are (ESA, 2002): 
Figure 5.2: ASAR Operating Modes and coverage 
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• Image Mode (IM) 

VV or HH polarization images from any of 7 selectable swaths. Swath width between 

approximately 56 km (swath 7) and 100 km (swath 1) across track. Spatial resolution 

of about 30 m (for precision product). 

• Alternating Polarisation (AP) 

Two co-registered images per acquisition, from any of 7 selectable swaths. HH/VV, 

HH/HV or VV/VH polarisation pairs possible. Spatial resolution of approximately 30 

m (for precision product). 

• Wide Swath (WM) 

400 x 400 km² wide swath image. Spatial resolution of approximately 150 m. VV or 

HH polarisation. The image is acquired using the ScanSAR technique where 5 

subswaths form the whole image. 

• Global Monitoring Mode (GM) 

It has the same acquisition technique as for the wide swath mode, but with reduced 

spatial resolution. Spatial resolution of approximately 1 km. HH or VV polarisation 

• Wave Mode (WV) 

A small imagette is acquired at regular intervals of 100 km along track. The imagette 

can be positioned anywhere in an image mode swath. HH or VV polarisation may be 

chosen. Imagettes are converted to wave spectra for ocean monitoring.  

 

The different imaging modes allow to use the sensor in a very flexible manner. It can 

switch between the different modes within a few seconds. The main achievements of 

these new imaging capabilities are:    

• Frequent Observations - the different swaths allow observing an area of 

interest from different orbit paths, which increases the observation frequency. 

For areas in the mid-latitudes, coverages from two up to four times a week are 

possible. The different ENVISAT ASAR swathes and their properties are 

summarized in Appendix A.    

 

• Multi-Incidence Observations  - The radar backscatter has an angular 

dependency. The programmable incidence angles allow to chose the best 

incidence angle for a certain application 
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• Wide Area Coverage  – For many applications it is important to  cover a wide 

area with an acceptable spatial resolution. In hydrological applications it can 

be of interest to retrieve surface parameters (e.g. soil moisture, snow covered 

area) for a whole watershed. The wide swath mode with an area extent of 400 

x 400 km² is well suited for these needs, when the corresponding loss in 

spatial resolution remains acceptable. It provides homogeneous, temporal 

consistent datasets for large areas.  

 

5.2 Dual Polarisation 

Imaging radars can transmit and receive differently polarised electromagnetic waves. 

The electric field can be polarised horizontally (H) or vertically (V) with respect to 

the incident wave on the surface. Each possible combination of transmit/receive 

configuration is abbreviated by the H and V characters. The first character 

corresponds to the transmit, the second to the receive polarization (e.g. VH stands for 

vertical transmit and horizontal receive). ASAR system with the same 

transmit/receive combination (VV or HH) is a copolarised system, contrary to the 

crosspolarised case (VH or HV). ENVISAT ASAR is the first operational spaceborne 

sensor which provides a dualpolarisation channel. In its alternating polarisation mode 

(AP mode), one of three different channel combinations are possible: 

  VV and HH 

  HH and HV 

  VV and VH 

The different polarisation combinations contain different information about the 

scattering processes and therefore allow to invert land surface parameters with less 

degrees of freedom, which might simplify inversion strategies (ESA, 2002). 

An overview about the ENVISAT ASAR data used in this work and the required 

preprocessing steps are discussed here the SAR images used are already processed 

slant or ground range image products.  

5.3 Header Data Extraction 

In addition to the recorded backscattering values, each image product contains 

important information on the sensor configuration and image processing parameters 

which were used to generate the image product. A subset of this header information 
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has to be extracted from the product, to be available for further processing steps. It 

contains information about the actual sensor configuration and sensor position as well 

as information on corrections applied to the image product. The binary image data has 

to be extracted from the image product and converted to an image processing software 

data format. The various ASAR image products are stored in different formats. The 

format, used to generate the product, is specified in the product header. ENVISAT 

ASAR alternating polarisation data (AP) for example, are complex values, where the 

real and imaginary components are each stored as SIGNED integer (16-bit). After the 

calculation of the pixel intensity value, the image can be converted and used for 

further processing. 

 

5.4 Radiometric Calibration 

5.4.1 ASAR Image Calibration 
The radar backscattering coefficient s 0 can be derived from recorded intensity values, 

using the radar equation (2.10). For ENVISAT ASAR, the procedures to derive the 

backscattering coefficient are given by Rosich and Meadows (2004). The relationship 

between the image pixel grey values (DN) and the radar backscattering coefficient is 

given by  
2 -1. . sinDN const constβ σ θ= ° = °     eq5.1 

Ground range products 

For ground range detected products, such as the wide swath image product, the 

backscattering coefficient s 0 is calculated as 
2

.sin( )
DN

k
σ θ° =                             eq 5.2 

and  ß0 is derived as  

2DN
k

β ° =                                          eq5.3 

where ? is the incidence angle and K the absolute calibration constant. Sla nt range 

products for complex slant range products; the image intensity for each resolution cell 

can be derived from the complex input data as follows: 
2 2 2DN I Q= +                 eq5.4 
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where I and Q represent the real and imaginary parts of the complex samples. The 

backscattering coefficient is then given by 

2 1
.( )( ) .sin( )

( )
N

ref

DN R
k G R

σ θ° =
Θ     eq5.5  

 

with N=3 for image mode products and N=4 for alternating polarization data. The 

two-way antenna gain pattern G (T) changes with the look angle T. The image 

brightness value is then written as 
2 1

.( )( )
( )

N

ref

DN R
k G R

β ° =
Θ       eq5.6  

 

For each ASAR imaging mode, different antenna gain patterns are provided by the 

European Space Agency (ESA). They are updated several times a year. Figure 5.3 

shows recent antenna gain patterns for different ASAR imaging modes.  

 

 

 

 

 

 

 

 

 

 

 

5.5 Radiometric Accuracy 

The relative and absolute radiometric accuracies of the image products can be derived 

from measurements over homogeneous distributed targets as rain forests and by 

calibrating the image against external references. This is normally done, by using man 

made objects with a well defined radar cross section, as corner reflectors or 

transponders. The stability of the ASAR sensor is checked continuously in a special 

Figure 5.3 : ASAR two-antenna gain patterns for different swaths  
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calibration mode by several scientific groups. The actual radiometric accuracy range 

for different imaging modes is given in Table 5.2. 

Table 5.2 ASAR calibration accuracies  

MODE 
RADIOMETRIC 

ACCURACY [DB] 

Alternating polarization 0.47 – 0.51 

Wide swath 0.33 – 0.59 

Image mode 0.31 – 0.56 

 

5.6 Calibration Problems 
In the case of alternating pola risation data products, several SAR images were 

acquired in the steep looking IS1 mode. In this mode, calibration uncertainties, 

resulting from inaccurately estimated antenna gain patterns were observed. Figure 5.4 

shows a calibrated IS1 image. The grey va lue undulations in the near range region can 

clearly be detected. After a recalibration of the antenna gain pattern by ESA, the 

problem was reduced, but there were still remaining calibration errors, ranging up to 

several decibels. Figure 5.3b shows the column statistics of an IS1 image after 

calibration with the refined antenna gain pattern provided by ESA, still showing 

significant deviations in the near range region. To ensure that all backscattering 

coefficients, used within this work, are reliable, the affected first 1400 image columns 

in near image were excluded from further investigations.  
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5.7 Speckle Filtering 
The resolution cell size of a SAR system is always much larger than the signal 

wavelength and also significantly larger than the size of individual scatterers 

contributing to the returned signal. Because of commonly random orientation of 

different scatterers within a resolution cell, the contributions of each scatter add 

incoherently (random phase), giving a net backscattering coefficient with a random 

distribution in the image plane (Figure 5.5). This phenomenon is well known as 

speckle. 

 

 

Figure 5.4: IS1 calibration problem: a) image example showing grey value undulations 
in the near range region, b) image column statistics after recalibration by new antenna 
gain pattern 
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A reduction of the speckle effect is crucial for an adequate estimate of the 

backscattering coefficient s 0. Statistical estimates of the backscattering coefficient can 

be improved, by averaging several samples. As a consequence, the spatial resolution 

of the image is reduced. Several image processing and filtering techniques have been 

developed to reduce the speckle, while preserving as much of the spatial resolution of 

the image product as possible (Lee, 1981; Lee, 1986; Frost et al., 1982; Klausing and 

Holpp, 2000). 

 

 

 

 

 

 

 

 

Figure 5.5: Scattering within a SAR resolution cell 
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CHAPTER – VI 

MATERIALS AND METHODS 
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6 MATERIALS AND METHODS 

 
6.1 Satellite Data  

Satellite data used for this study was a radar data of European space agency satellite 

(ESA) ENVISAT ASAR it was a precision product in ground range of IS 4 beam 

mode of 21st march 2005 with 2 bands of VV and HH polarization and optical data of 

Indian remote sensing satellite IRS P6 Resourcesat LISS IV of 14th march 2005 of 

102 path and 52 row.  

6.2 Equipment Used  

Hardware Software 
Surface roughness profiler ERDAS IMAGINE 8.7 

Theta kit ENVI 4.1 
Moisture Boxes ARC GIS 9 

GPS  
 

6.3 Ground Truth Data Collection  

Ground truth was carried in the study area when there was a satellite (ENVISAT) pass 

in the study area to capture the SAR image i.e. in the week form 19th march 2005 to 

23rd march 2005. Before the sensor flight a reconnaissance survey of the study area 

was done to identify the sampling location which is one of the most important 

exercises in the ground truth planning. The salt affected soils appear in very light tone 

in standard FCC so a LANDSAT ETM 7 and AWIFS images were used to identify 

the sample points and there description was noted very carefully. The SOI toposheets 

(63B/10, 63B/11, 63B/14, and 63B/15) were used to identify the sampling locations 

as the test site should have proper access and approach during every ground truth 

survey the sampling plan was made such that it covers maximum samples in the 

shortest route. 

The samples on the field were collected for parameters like surface roughness, crop 

type, growth stage, crop height, EC, pH, and bulk density. Information on the 

surrounding land cover was also noted on the same day. 

Soil moisture was collected for two layers i.e. for 0-5 and 5-10 cm on the same day of 

the pass. For each sampling location 2 samples were collected and the fresh weight of 
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the samples was taken immediately subsequently samples were taken in the laboratory 

and oven dried for 24 hrs and volumetric soil moisture was calculated. 

Surface roughness was taken with the help of a surface roughness profiler figure 6.1. 

It was a needle profiler of 3 rows each conta ining 15 pins spaced at a 2 cm distance 

with a inter row distance of 2 cm. the surface roughness was taken of the smooth 

barren area, barren area with very little grass, rough area i.e. the ploughed agricultural 

land. The rms height termed as a roughness value was calculated for each of the sites 

the average of all these rms height of each site was used as the roughness parameter 

for the Dubois model for dielectric inversion.  

 

 

The samples of Ec & pH were analyzed for EC and pH values in the soil laborator y 

with a help of saturation extraction from soil and water paste. 

Data Analysis Approach: 

ENVISAT ASAR SAR data was processed to obtain radiometric and geometrically 

corrected images. The data has been processed to suppress speckles. With the 

knowledge on SAR parameters (resolution cell, size, range, and scaling factor) the 

SAR image digital numbers were converted to the back scattering coefficient values.  

 

After the extraction of the back scatter values the dielectric reversal algorithms 

(Physical Optics model, Dubois model and combined model) were applied on the 

backscatter image and the imaginary dielectric constant values was extracted. With 

the knowledge of the ground information and imaginary dielectric constant values the 

Figure 6.1: Showing surface roughness profiler in field 
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relationship between electrical conductivity and imaginary dielectric values was 

established. The optical data LISS IV was used to study in detail the salt affected soils 

several data integration approaches were used like the merging the radar data with the 

optical data with different polarizations also the stacking of the radar data with the 

optical data were used to study in details the information content of both the data and 

how they enhance the quality of each other. The overall methodology adopted in this 

analysis is shown in fig 6.2. 
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SYNERGISM 

   RADAR DATA (ASAR) 

(C -  BAND)           

MAGNITUDE OF IMAGINARY 

DIELECTRIC CONSTANT IMAGE 

 COMBINED MODEL 

IMAGE GEOMETRY CORRECTION          

SPECKLE REDUCTION 

APPLICATION OF DUBOIS MODEL 

R(?) RETRIEVAL  

GEOREFERENCED ??(?)? IMAGE  

SOIL SALINITY MAP                

ACCURACY ASSESSMENT 

RATIO s  hh/ s vv
 IMAGE           

 
APPLICATION  

OF  POM 

? e ?   RETRIVAL FOR 

ACCEPTABLE PIXELS 

HEADER DATA EXTRACTION 

SURFACE 

ROUGHNESS Ec VALUES 
BACK SCATTER IMAGE 

GENERATION  

FIELD  DATA OPTICAL SATELLITE DATA  

LISS IV 

GEOCORRECTION OF  LISS IV 

SATELLITE DATA 

SALT AFFECTED SOILS  MAP                

MERGING OF 

ASAR DATA WITH 

LISS IV DATA 

STACKING OF 

ASAR DATA WITH 

LISS IV DATA 

SUPERVISED CLASSIFICATION 

Figure 6.2 : methodology 
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 The procured radar data was in the descending mode so the image was skewed in the 

left to right direction to correct the image geometry an image geometric correction 

were applied by the help of the GCP’s obtained from the header data of the ENVISAT 

ASAR data and the data was brought in the normal viewing geometry. The speckle 

noise generated in the radar data due to the interference of the radar signal was 

removed form it by the application of the speckle removal filte r. After which the data 

was used to extract the backscatter image by the help of the header data extracted 

from the header file of the radar data. The backscatter image was generated for the 

two polarizations of the radar data and then the dielectric rever sal model (POM, 

Dubois and Combined model) were applied to obtain the dielectric constant values. 

The POM model gives the magnitude of the dielectric constant and the Dubois model 

gives the real part of the dielectric constant so a combined model was used to extract 

the imaginary part of the dielectric constant (Bell et al., 2001) the value of which is 

significantly affected by the amount of salt present in soil.  Then the images obtained 

from these models were geometrically rectified through the rectification procedure 

and the salinity map was obtained this map was subjected to validation through the 

field obtained Ec values of the soil samples colleted from the field during the field 

visit in March. After that a synergism was obtain between the optical data and radar 

data generated salinity map.   

 

6.4 SAR Data Processing 

The SAR data processed was first analyzed for the header information and several 

important parameters were identified such as resolution cell, size, range and scaling 

factor.  

6.4.1 Speckle Noise Suppression 
Filtering is one of the techniques used for suppressing the speckle noise in the SAR 

images. It involves the process in which the grey levels of each pixel at a central 

location (i,j) of a window is replaced by another value depending upon the type of the 

filter. Several speckle removal filters were applied like the Lee, frost, Lee frost the 

best results were obtained from the lee filter with a window size of 5 by 5.  
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6.4.2 Backscatteirng Image Generation  
After the removal of the speckle from the data it was subjected to the extraction of the 

backscattering coefficient through the extraction equation as  

2DN
10*log( sin )

k
σ θ° =      eq 6.1 

The backscattering coefficient is computed with the knowledge of the calibration 

constant (k) the value of whic h can be obtained from the header data, local incidence 

angle (?) and the received power. The terrain of the study area was almost flat so there 

was no large deviation in the local incidence angle so a uniform incidence angle was 

taken to compute the back scattering coefficient. 

 

6.4.3 Di-Electric Reversal Algorithms  
The rough surface scattering models are potentially used to extract the dielectric 

constant from the SAR data .the models used in this study are the Physical Optics 

model, Dubois model and the combined model. The models are discuss in details 

below with there application parameters. 

 

6.4.3.1 Physical Optics Model         
The physical optics model is a kirchhoff model under the scalar approximation shi et 

al., 1991 is valid when the radius of curvature is large the root mean square rms 

surface slope is small relative to the wavelength and the incidence angle is small ? i < 

35? .  

2 4hh
4 2 2 2vv

( cos i sin i )

(cos i - sin i ) ( cos i sin i )

σ θ θ
σ θ θ θ θ

ε + ε − 
=

ε − ε −
   eq 6.2 

where ?i is  the  local  incidence  angle,  e   is  the  magnitude   of  the  dielectric  constant 

and s  hh/ s vv is the ratio of backscattering coefficient of polarization of radar signal. 

The mathematical solution of this equation was not possible so an empirical solution 

of the equation was derived which is given in Appendix A4. 
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6.4.3.2 Dubois Model 
The empirical model suggested by Dubois et al., 1995 used only copolarised 

backscatter coefficient for rough surface characterization. The copolarised backscatter 

coefficients s ? HH and s ? 
VV for the horizontal and vertical polarization were expressed 

as a function of system parameters, as the local incidence angle and frequency and 

surface roughness. First they investigated the dependence of the backscattering 

coefficient ration different soil moisture condition and the local incidence angle then 

the deviation caused by the surface roughness was accounted for an empirically 

derived expression for the roughness term log (ks sin(?)) the resulting expression are  

R

2.75 3.5
0.028 tan i 1.4 0.7hh ( 5

10 cos i
10 (khsin i ) )

sin i
θθ

σ θ λ
θ

−
ε=°    eq 6.3  

R

2.35 3
0.046 tan i 1.1 0.7vv ( 3

10 cos i
10 (khsin i ) )

sin i
θθ

σ θ λ
θ

−
ε=°      eq 6.4  

where ?i is  the  local  inc idence  angle,  eR     is  the  real  part  of  the  dielectric  constant,  

ks  the normalized surface roughness and ?  the wavelength. For a known angle of 

incidence, the above two equations constitute a system of two non-linear equations 

with two unknowns : ks and eR by having the value of either of the unknown the other 

one can be calculated through a mathematical inversion of the equation. The solution 

of the model is given in Appendix A3 

the model operates in the  validity range for the surface parameters  mv < 35 % and k s 

< 2.5 and their accuracy is ranging for the soil moisture estimation by about 4.2 vol. 

% and for the surface roughness by about ks of 0.4 for a bare surface (NDVI < 

0.4).For an inversion accuracy better than 4 vol. % the radar data should be calibrated 

to within  2  dB  absolute  and  0.5  dB  relative  accuracy  between  the  two  co-

polarised channels. If  the  cross-polarized  channel  is  available,  it  can  be  used  to  

exclude  disturbing vegetation impacts. 
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6.4.3.3 Combined Model 
 
Unlike the SPM and POM, which retrieve |e|, the DM only retrieves the real part of 

the dielectric constant, which is a sufficient discriminator for volumetric soil 

moisture. Applying a combination of the SPM/POM and the DM using Eq  to the 

study area was examined as a possible improvement to the estimate of the magnitude 

of the imaginary part of the dielectric constant (|I(e)|), called the Combined Model 

(CM) 

ε −2 2I( ) (POM) (DM)  (For ? > 35?)    eq 6.5  

   
 

6.5 Optical Data Processing 
The LISS IV data procured for the study was processed and geometrically rectified by 

the help of Landsat 7etm image. To extract the salt affected soil classes through a 

process of supervised classification was followed by the help of the maximum 

likelihood classification algor ithm. The required ground truth for each land use land 

cover class was collected from the field and was used as a base to classify different 

land use Land cover classes   

6.5.1 Integration of Optical Satellite Data and SAR Data  
ENVISAT ASAR SAR data was integrated with the optical LISS IV data to enhance 

the information available in the optical data. The integration was done in two ways 

one through the stacking of the two layers of SAR data with the optical LISS IV data 

and the other by merging of the ENVISAT ASAR data and the LISS IV data. Merging 

of data was done by the help of the multiplicative merging. The supervised 

classification through maximum likelihood classifier was performed on both the 

merged and the stacked product keeping the ground truth constant (the ground truth 

used for classification of the Optical LISS IV data) to extract the soil salinity classes 

and to see the change in the information content of these products. 
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7 RESULTS & DISSCUSSION  

7.1 Extraction of dielectric constant value form ENVISAT ASAR 

data for salt affected soils 

7.1.1 Extraction of the backscatter values for ENVISAT ASAR  
Backscatter values extracted from the radar image ranges from -40db to 11db in HH 

polarization and -40db to 7db in the VV polarization the figure 7.1a and 7.1b shows 

the backscatter image of the HH and VV polarization respectively. In both the 

polarization the higher values are accounted for the urban areas and lower values for 

the standing water as it behave as a specular reflector for the microwave region of the 

electromagnetic spectrum and the higher values of the urban areas are due to the 

corner reflection of the urban features. Radar scattering by a bare soil surface is 

determined by the geometry of the air soil boundary commonly known as surface 

roughness and the microwave dielectric properties of the soil medium. The geometric 

factors affect the shape of the scattering pattern for an incident wave while the 

dielectric properties control the magnitudes of reflection,  absorption and transmission. 

The average dielectric properties of the soil medium depend upon bulk soil 

characteristics such as moisture, density, particle size distribution, mineralogy and 

fluid chemistry. The dry surface materials such as soil, rock, and even vegetation have 

dielectric constant from 3 to 8 in the micro wave portion of the spectrum. Conversely, 

water has a dielectric constant of 80. The most significant parameter influencing a 

materials dielectric constant is its moisture content. The amo unt of moisture in a soil, 

on a rock surface, or within vegetative tissue may have a significant impact on the 

amount of backscattered radar energy. Moist soils reflect more radar energy than dry 

soils, which absorbs more of the radar wave, depending on the dielectric constant of 

the bare soil material. The amount of the soil moisture influences how deep the 

incident electromagnetic energy penetrates into the material. If the soil has high 

surface soil moisture content, then the incident energy will only penetrate a few 

centimeters into the soil column and be scattered more at the surface producing a 

stronger, brighter return. 
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RADAR sends a pulse of vertically or horizontally polarized microwave energy 

towards a stand of trees; it interacts with the components and scatters some of the 

energy back towards the sensor. The amount of energy return depends upon the nature 

of the energy sent and also on whether or not the canopy component depolarize the 

signal, how far the signal penetrates into the canopy, and whe ther it eventually 

interacts with the ground soil surface. Like polarization backscatter towards the sensor 

results from single reflections from the canopy components such as the leaves, stems, 

braches, and trunk. These returns are generally very strong and are recorded as bright 

signals in like polarized radar imagery. The C band radar energy experiences surface 

scattering at the top of the canopy as well as some volume scattering in the heart of 

the stand a little energy reaches the ground. 
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Figure7.1 b: Backscatter image   
                      Vertical Polarization 
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7.1.2 Extraction of the Real part of the dielectric constant  
 
The figure 7.2 shows the real part of the dielectric constant extracted from the Dubois 

model. The DM underestimates the dielectric values for high and low soil moisture 

this is due the linearization of the model used in the inversion process so the  values 

of some part of the area shows very low values these part were not  considered in the 

study but the model is more robust then POM in the vegetation areas. The DM uses 

the co-polarized channels of the radar as co-polarized channels backscattering 

coefficients are less sensitive to the system noise and cross talk. Consequently the 

calibration of the co-polarized returns is simpler to perform and more accurate. 
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Figure7.2: figure showing real part of dielectric constant 
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7.1.3 Extraction of magnitude of dielectric constant 
 
Magnitude of the dielectric constant was extracted through the help of the POM 

model figure 7.3 the C - band inversion yields the dielectric values well below that 

expected of saturated soils. This attenuation was attributed to the varying degrees of 

vegetation cover and specular reflection from surface of water. The magnitude of the 

return were considered unreliable as a moisture or electrical conductivity indicator so 

these results have to be integrated with the real part of the complex dielectric constant 

to extract the imaginary part of the complex dielectric constant which is a more 

reliable electrical conductivity indicator. 
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Figure 7.3: Showing the total magnitude of dielectric constant 
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7.1.4 Extraction of the Imaginary part of the dielectric constant 
 
 Combining the results of the POM model and the DM model as the results of both 

was not considered as a good electrical conductivity indicator the combined model 

was used to extract the imaginary part of the complex dielectric constant figure 7.5 a. 

On the comparison of the complex dielectric constant of pure water with the salt 

affected water there is a hardly any difference in the real part but the noticeable 

difference comes in the imaginary part at the microwave frequencies so the imaginary 

part of the complex dielectric constant is considered as a good electrical conductivity 

indicator. The presence of the salt in the soil has a critical effect on the behavior of the 

dielectric constant in its real and imaginary part as well this effect is very significant 

on the imaginary part, especially when the soil moisture rises over 30 % depending on 

the quantity of the free water. At such moisture content, the effect of salts dominates 

the dielectric constant value rather than the moisture content.  Under the dry 

conditions below 20% of relative humidity however such a variation cannot be 

distinguished and the effect is limited to the real part of the dielectric constant. This is 

due to the lower conductivity of soil so a weak variation in the imaginary part. The 

validation of the results were done by the help of the electrical conductivities values 

of the soil samples collected from the field .The electrical conductivities values of the 

collected soil samples ranges from  0.298  - 5.38 mmos cm-1 and the soil pH varies 

from 7 to 9.97. 
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Figure 7.4 Relation of Electrical conductivity with Imaginary Dielectric Constant values 

extracted from the model output. 

 

Figure7.4 shows the correlation between the imaginary value of the complex 

dielectric constant and the electrical conductivity values of the soil samples which 

come under a moderate correlation with a R2 of 0.513. The imaginary part of the 

complex dielectric constant was density sliced to obtain the classified map for the 

electrical conductivity classes figure 7.5 b five electrical conductivity classes were 

extracted as Very low (0-1 mmos cm-1), low (1-2 mmos cm-1), moderate (2-3 mmos 

cm-1), Moderate to high(3-4 mmos cm-1), high (>4 mmos cm-1) electrical conductivity.      
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Figure 7.5 a: Showing Imaginary part of the dielectric 
constant 
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Figure 7.5 b: Soil Electrical Conductivity Map. 
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7.2 Integration of ENVISAT ASAR data with the IRS P6 LISS IV 

data for extraction of salt affected soils   

7.2.1 Supervised classification of LISS IV data 
 
The LISS IV data was processed digitally to access the salinity status of the area 

supervised classification was done by the help of the maximum likelihood 

classification algorithm figure 7.6 and the major land use land cover classes identified 

with the help of the ground truth collected on the field are highly salt affected lands, 

moderately salt affected lands, very low salt affected lands, high vigour wheat, low 

vigour wheat, habitation, waste land and fallow land map shown in figure. The overall 

classification accuracy of 80% and the kappa statistics of 0.7714 were obtained. The 

lower classification accuracy was due the signature mixing of various classes like the 

wasteland and the wheat, high salt affected and the moderately salt affected and the 

low salt affected with the fallow land. 
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Figure 7.6: Showing classified map LISS IV satellite data  
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7.2.2 Supervised classification of stacked LISS IV and ENVISAT ASAR VV & 
HH polarization data 

 
The multi polarization (VV &  HH polarization) ENVISAT ASAR data was stacked 

to the LISS IV data and supervised classification was performed on it  by the help of 

the maximum likelihood classification algorithm keeping the ground truth same as 

what was used in the classification of the LISS IV data map shown in figure 7.7. The 

same 9 land use land cover classes were extracted namely highly salt affected lands, 

moderately salt affected lands, very low salt affected lands, high vigour wheat, low 

vigour wheat, habitation, waste land and fallow land map shown in figure. The overall 

classification accuracy of 87.5% and the kappa statistics of 0.8571 were obtained. The 

high classification accuracy was obtained due to the integration of the radar data with 

the optical satellite data which increases the information content of the optical data so 

the merging of the features with respect to the signatures was very less as compared to 

the supervised classification of the LISS IV data only.  
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Figure 7.7 : Showing classified map of Stacked LISS IV & ENVISAT ASAR 
VV & HH polarization 



Feasibility study on potential use of Microwave SAR data in Soil Salinity Induced 
Land Degradation Assessment 

 
 
 

 82 

 

7.2.3 Supervised classification of merged product of LISS IV and ENVISAT 
ASAR VV & HH polarization data 

 
The multi polarization (VV &  HH polarization) ENVISAT ASAR data was merged 

separately with the LISS IV data and supervised classification was performed on it  by 

the help of the maximum likelihood classification algorithm keeping the ground truth 

same as what was used in the classification of the LISS IV data. The same 9 land use 

land cover classes were extracted namely highly salt affected lands, moderately salt 

affected lands, very low salt affected lands, high vigour wheat, low vigour wheat, 

habitation, waste land and fallow land map shown in figure 7.8 a and 7.8 b. The 

overall classification accuracy of 82.5% and the kappa statistics of 0.800 were 

obtained in case of merging of LISS IV and VV polarization of the radar data and 

overall classification accuracy of 85.00% and the kappa statistics of 0.8286 were 

obtained in the case of merging of LISS IV and HH polarization of radar data. The 

high classification accuracy was obtained in the case of the HH polarization feature 

discrimination was relatively easy in the case of the HH polarization than in the case 

of the VV polarization still the classification accuracy was on the higher side than for 

the case of the supervised classification of LISS IV data only.  
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Figure 7.8 a: Showing classified map of merged  
Product of LISS IV & ENVISAT ASAR HH polarization  
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Figure 7.8 b: Showing classified map of merged  
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8 CONCLUSION & RECOMMENDATIONS 

 
Ø The complex dielectric constant determined by inversion of the co-polarized 

returns of radar images clearly delineates the electrical conductivity and soil 

salinity in soils of the Unnao region of Uttar Pradesh. 

Ø There is a moderate agreement between the areas delineated as having 

anomalous dielectric constants by the radar backscatter inversion techniques 

which are defined by varying electrical conductivity.  

Ø The dielectric constant values from Dubois model were well below those 

expected from saturated saline soils and was not considered appropriate as a 

salinity discriminator. 

Ø The process shows promise as a remotely sensed method for electrical 

conductivity discrimination for natural environment and agricultural 

monitoring. Further investigation into substantial vegetation cover is still 

required. 

Ø Model underestimates the water areas for calculating dielectric constant values 

which were coming negative. This is the limitation of  the model used.    

Ø  The combination of the radar data with the optical satellite data gives out 

more results than in the case of the optical data alone. 

Ø The merging and stacking of the co-polarized radar returns improves the 

information content of the optical satellite data which was helpful in extracting 

various land use land cover classes more accurately.  

Ø In the  two techniques namely merging and stacking used for the improvement 

of the information the stacking was far more accurate then the merging 

technique. 
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A.1:  The Radar Equation 
 
Derivation of the Radar Equation 
 
In the following the formula for the radar equation is derived. It is mainly based on the expositions of  

lewis and Henderson (1998) and klausing and hopp(2000). 

The power density in a distance RT  from an isotropical point energy source is proportional to the 

transmitted energy PT  and the surface of the surrounding sphere. It is given by 

24
T

T

P
PowerDensity

R
=

π
                                                                 (A.1) 

However, a side looking SAR system has a directional antenna characteristic with a given antenna gain 

pattern for transmission GT. the power density at a target is then given by 

24
TT

T

P G
Power Density at Target = 

R
σ

π
                                         (A.2) 

The energy intercepted by the target is proportional to its receiving area AS. A part of the energy is 

absorbed and the rest is scattered. A fraction of the scattered power has a directional component towards 

the receiver of the imaging system. Usually all these target characteristics are combined into a single 

parameter called the radar cross section (RCS) sigma (s). The power reradiated towards the receiver is 

then  

24
T T

T

P G
Power receiver

R
σ→ =

π
                                                        (A.3) 

Only a part of the scattered power is reaching the sensor. It is also dependant on the distance RR towards 

the sensor. The power at the receiver is then given as  

2 2

1
( )

4 4
T T

T R

P G
Power at Reciver

R R
σ=

π π
                                             (A.4) 

The total received power PR depends on the size of the antenna array AR. 
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T T
R

T R

P G
Total Recevied Power A

R R2 2

1
( )

4 4
σ=

π π
                                    (A.5) 

equation (A.5) is the radar equation, Assuming a monostatic radar with the same antenna size and 

transmit and receive characteristics as well as the same range distance, it can be simplified. It is 

introduced that  

2

4R T
G

A A A= = =
λ

π
                                                                           (A.6) 

T RR R R= =  

T RG G G= =  

This gives 
2 2

3 4(4 )
T

R

P G
P

R
σ=

λ
π

                                                                                       (A.7) 

In order to maintain independence of the signal and target, the RCS is redefined as radar scattering per 

unit area (s ?). The total cross section of an area A becomes  

Aσ σ= °                                                                                                   (A.8) 

So the final and commonly used form of the radar equation is obtained as  
2 2

3 4 ( )
(4 )

T
R

P G
P A

R
σ= °

λ
π

                                                                                (A.9) 
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A.2:  ENVISAT ASAR  
 

ENVISAT ASAR offers different programmable swathes. Each swath has different imaging properties. 

They differ in the incidence angle range and therefore also in the spatial resolution and swath width. The 

following table summarizes the swath properties 

 
Table A.1: ASAR Image swathes (ESA, 2002) 

ASAR SWATHES SWATH WIDTH [KM] NEAR RANGE 
INCIDENCE ANGLE 

FAR RANGE 
INCIDENCE ANGLE 

IS1 108.4-109.0 14.1-14.4 22.2-22.3 

IS2 107.1-107.7 18.4-18.7 26.1-26.2 

IS3 83.9-84.3 25.6-25.9 31.1-31.3 

IS4 90.1-90.6 30.6-30.9 36.1-36.2 

IS5 65.7-66.0 35.5-35.8 39.2-39.4 

IS6 72.3-72.7 38.8-39.1 42.6-42.8 

IS6 57.8-58.0 42.2-42.6 45.1-45.3 
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A.3: Solution of Dubois Model 
 

The model suggested by the (Dubois et al. 1995) was used to extract the real part of the dielectric 

constant the solution of model was mathematically calculated as under 
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A.4: Solution of Physical Optics Model 
 

The model suggested by the shi et al. (1991) was used to extract the magnitude of the complex dielectric 

constant the equation cannot be solved algebraically but can be solved iteratively.  

2 4hh
4 2 2 2vv

( cos i sin i )

(cos i - sin i ) ( cos i sin i )

σ θ θ
σ θ θ θ θ

ε + ε − 
=

ε − ε −
                A 10 

The iterative solution of the model using the dielectric constant and the incidence angle has been given 

below. The ratio of 
HH

VV

σ
σ

 was determined by the inversion of the magnitude of the dielectric constant 

and the incidence angle of the radar data. 
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Figure: A1 Relationship between dielectric constant and backscatter ratio  

                                

 
 


