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Abstract 

 
 
Land degradation has been a major global issue during the 20th century and will remain high on the 
international agenda in the 21st century. The damage to the useful land by degradation and later its 
conversion to rugged/badland topography is a serious concern to the scientific community since long. 
In this context, the study of ravine erosion is one of the significant aspects of environmental science. 
The formation of ravines has been posing serious problem to the agriculture and irrigation planning. 
These ravines are constantly damaging the valuable fertile lands. The immediate task is therefore to 
check further growth of ravines.  
 
 
Attempts were made by the previous workers for mapping the ravine lands using remote sensing data. 
But optimal information on their characteristics, spatial distribution and temporal behaviour is still 
lacking. There is a pressing need to develop an approach which can aid in extracting the spatial and 
temporal information about them. The present study has been carried out to extract the information 
about rugged topography, in particular ravines, from multi temporal optical and InSAR data. The 
utility of multi sensor satellite data lies in the delineation of ravine objects and their characterization as 
a function of some morphological parameters from optical and InSAR data.  
 
Advanced image enhancement and filtering techniques were applied over the optical multispectral 
images to delineate the major ravines by considering them as linear objects. Initially, the Ravine area 
was delineated from the non – ravine area based on tonal variation and textural contrast. 
Interferometric processing of ERS SAR data pairs acquired during 1992 and 1996 was carried out. 
Information obtained from optical and InSAR microwave data sets lead to the extraction of different 
morphological parameters e.g. length or extent, vegetation abundance, depth, terrain stability and 
surface roughness of the ravine lands. Statistical analysis of the above mentioned characteristics was 
done on multi temporal basis at a regular grid interval of 5 km to avoid biased sampling error. It was 
found that the length of the ravines increased during successive years. Vegetation abundance 
decreased at a very high rate during first two analysis periods but during last period it increased up to 
some extent. DEM of fine precision was generated through interferometric processing of SAR data 
pairs.  Depth values for the ravines were derived based on statistical approach of surrounding pixel 
height. Terrain stability over the ravine areas was investigated from SAR data sets. Its analyses 
indicated the significant changes taken place in the terrain conditions of that area during the period of 
two SAR data acquisitions. Variation in the scattering behaviour of the ravine surfaces were analysed 
from backscattering values estimated from SAR amplitude images of different years.  
 
Effect due to change in size of the grids was examined by analyzing the results at different grid 
interval e.g. at 10 km and 1 km. Their analysis was found to be independent of grid intervals. Attempt 
was also made in this study to find out the interrelationship among the parameters.  
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1. Introduction 

Ecosurfaces are in a state of permanent flux at a variety of spatial & temporal scales all around the 
world. Causes of these fluxes can be natural as well as anthropogenic or may be a combination of 
these two. Unprecedented pressure on the physical, chemical and biological systems of the Earth 
results in environment problems at a local and global level, therefore the detection and understanding 
of environmental changes based on long-term environmental data is very urgent. In developing 
countries/regions, where the natural resources are continuously depleting, environment is changing 
very fast (UNEP, 1994). The insufficient environmental investment and sometimes infeasible ground 
access make the environment information acquisition and updation inflexible through standard 
methods. With the main advantages of global observation, repetitive coverage, multi spectral sensing 
and low-cost implementation, satellite remote sensing technology is a promising tool for monitoring 
environment, especially in the less developed countries(Jensen, 2004).  
 
To understand these changes – its causes & effect – it is necessary to systematically and periodically 
monitor the earth and its environment. Satellite based earth observation; along with ground and aircraft 
based measurements provide the basis for understanding the earth system and its variation. This 
requires a multi – pronged approach: a paleo climatic component to unravel past global changes & 
cycles, a study of micro level interactions of relevance & finally a global scale observation and 
modeling program to monitor and understand the changes taking place and to make intelligent 
prediction of future scenarios under different strategies. This study will hopefully help us to 
understand ‘how the earth is changing and what the consequences for life on earth are?’ 
 

1.1. Land Degradation 

 
Land degradation, a decline in land quality, has been a major global issue during the 20th century and 
will remain high on the international agenda in the 21st century. The importance of land degradation 
among global issues is enhanced because of its impact on world food security and quality of the 
environment. Land degradation can be considered in terms of the loss of actual or potential 
productivity or utility; it is the decline in land quality or reduction in its productivity(Eswaran H., 
2001). In the context of productivity, land degradation results from a mismatch between land quality 
and land use. Principal processes of land degradation include erosion by water and wind, physical 
degradation and chemical degradation. Important among physical processes are a decline in soil 
structure leading to crusting, compaction, erosion, desertification, anaerobism, environmental 
pollution, and unsustainable use of natural resources(Singh, 2004). Significant chemical processes 
include acidification, leaching, salinization, decrease in cation retention capacity, and fertility 
depletion.  
 
Factors of land degradation are the biophysical processes and attributes that determine the kind of 
degradative processes, e.g. erosion, salinization, etc. These include land quality as affected by its 
intrinsic properties of climate, terrain and landscape position, climax vegetation, and biodiversity, 
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especially soil biodiversity(Lal, 1998). Causes of land degradation are the agents that determine the 
rate of degradation. These are biophysical (land use and land management, including deforestation and 
tillage methods), socioeconomic (e.g. land tenure, marketing, institutional support, income and human 
health), and political forces that influence the effectiveness of processes and factors of land 
degradation(Mudgal, 2005). 
 
Depending on their inherent characteristics and the climate, lands vary from highly resistant, or stable, 
to those that are vulnerable and extremely sensitive to degradation. Stable or resistant lands do not 
necessarily resist change. They are in a stable steady state condition with the new 
environment(Eswaran H., 2001). Under stress, fragile lands degrade to a new steady state and the 
altered state is unfavourable to plant growth and less capable of performing environmental regulatory 
functions. 
 

1.1.1. Extent and Rate of Land Degradation   

 
Because of different definitions and terminology, a large variation in the available statistics on the 
extent and rate of land degradation exists. Two principal sources of data include the global estimates 
of desertification by (Dregne, 1990)and of land degradation by the International Soil Reference and 
Information Centre(Oldeman, 1994). Table 1 shows that degraded lands in dry areas of the world 
amount to 3.6 billion ha or 70% of the total land area considered in these regions. In comparison, 
Table 2 shows that the global extent of land degradation (by all processes and all ecoregions) is about 
1.9 billion ha. The principal difference in between these two estimates is the status of vegetation. 
 
 

Continent Total area Degraded area † % degraded 

Africa 14.326 10.458 73 

Asia 18.814 13.417 71 

Australia and the Pacific 7.012 3.759 54 

Europe 1.456 0.943 65 

North America 5.782 4.286 74 

South America 4.207 3.058 73 

Total 51.597 35.922 70 

† Comprises land and vegetation. 

Table 1 : Estimates of all degraded lands (in million km2) in dry areas (Dregne, 1990) 
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Type Light Moderate Strong + Extreme Total 

Water erosion 3.43 5.27 2.24 10.94 

Wind erosion 2.69 2.54 0.26 5.49 

Chemical degradation 0.93 1.03 0.43 2.39 

Physical degradation 0.44 0.27 0.12 0.83 

Total 7.49 9.11 3.05 19.65 

Table 2 : Estimates of the global extent (in million km2) of land degradation (Oldeman, 1994) 

 
 

1.1.2. Effects of Land Degradation on productivity 

 
Information on the economic impact of land degradation by different processes on a global scale is not 
available (Lal, 1998). Some information at local and regional scale is available and has been reviewed 
by various peoples. The economic impact of land degradation is extremely severe in densely populated 
South Asia, and sub-Sahara Africa. The productivity of some lands in Africa has declined by 50% as a 
result of soil erosion and desertification. Yield reduction in Africa due to past soil erosion have ranged 
from 2 to 40%, with a mean loss of 8.2% for the continent. If accelerated erosion continues unabated, 
yield reductions by 2020 will be 16.5%. Annual reduction in total production for 1989 due to 
accelerated erosion was 8.2 million tons for cereals, 9.2 million tons for roots and tubers, and 0.6 
million tons for pulses (Dregne, 1990). There are also serious (20%) productivity losses caused by 
erosion in Asia, especially in India, China, Iran, Israel, Jordan, Lebanon, Nepal, and Pakistan. In South 
Asia, annual loss in productivity is estimated at 36 million tons of cereal equivalent valued at 
US$5,400 million due to water erosion, and US$1,800 million due to wind erosion(UNEP, 1994).  
 
Nutrient depletion as a form of land degradation has a severe economic impact at the global scale, 
especially in sub-Sahara Africa (Stoorvogel, 1993). Annual depletion rates of soil fertility were 
estimated at 22 kg N, 3 kg P, and 15 kg K per hectare. In Zimbabwe, soil erosion results in an annual 
loss of N and P alone costing US$1.5 billion every year while in South Asia, the annual economic loss 
is estimated at US$600 million for nutrient loss by erosion, and US$1,200 million due to soil fertility 
depletion(UNEP, 1994) . 
 
It is in the context of these global economic and environmental impacts of land degradation, and 
numerous functions of value to humans that land degradation, desertification, and resilience concepts 
are relevant (Eswaran, 1998). They are also important in developing technologies for reversing land 
degradation trends through land and ecosystem restoration. As land resources are essentially non-
renewable, it is necessary to adopt a positive approach for the sustainable management of these finite 
resources. 
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1.2. Rugged Topography : Ravines 

 
The study of Ravine Erosion is one of the significant aspects of environmental science, in general, and 
fluvial geomorphology, in particular. There are many types of soil erosion but the earth scientists are 
largely concerned with the relatively important geological erosion and accelerated erosion. Geological 
erosion is the rate at which the land would normally be eroded without disturbing through human 
activity(Singh, 2004). Accelerated erosion is the increased rate of erosion that often arises when man 
alters the ecosystem by various land use practices. It is this theme of accelerated erosion which is the 
subject of environmental control. 
 
 

  
Figure 1: Ravine Lands in Chambal Region. 

 
 
The word Ravine denotes gullied land containing systems of gullies running more or less parallel to 
each other and entering a nearby river flowing much lower than the surrounding table lands(Sharma, 
1979). Ravine erosion is largely controlled by variables which relate to climate, topography, soil 
characteristics, vegetation, geological structure, character of streams and land use practices(Singh, 
1987). Therefore, role of the ecological factors is very crucial for ravine erosion. 
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1.3. Problem Definition 

 
The formation of rugged topography, in particular ravines, has been posing serious problem to the 
agriculture and irrigation planning. These ravines are constantly damaging the valuable fertile lands. 
The damage to the useful land by network of ravines and later its conversion to bad land topography is 
a serious concern to the scientific community since long back. Increased utililization of marginal lands 
in the periphery of the gullied and ravine areas for cultivation activities during the recent decade has 
led to further growth of ravine in new areas(Dwivedi, 1997a). The immediate task therefore is to check 
further growth of ravines. Subsequently, the area affected by ravines needs to be utilized after 
reclamation. For reclamation and subsequent optimal utilization of ravines for various purposes, the 
information on their characteristics, spatial distribution and temporal behavior is a prerequisite. 
Information on the magnitude of the problem, which is required for implementation of any reclamation 
program, is lacking. Attempts have already been made earlier by the scientific community in mapping 
the ravine lands using available remote sensing data. Various studies have been done using aerial 
photographs, optical multi spectral and high resolution panchromatic satellite for mapping the ravine 
lands(Padmini, 2001). But most of these approaches were based on simple remote sensing tools. 
Optimal information on their characteristics, spatial extent and temporal behavior is still required for 
reclamation and to make intelligent prediction of future scenarios. 
 

1.4. Motivation 

 
The availability of remote sensing data with improved spatial, spectral and radiometric resolution is 
now available to fully exploit their potential for a specific application. It holds great potential for 
deriving timely and reliable information on the nature, extent and magnitude of eroded lands which is 
required for the planning and implementation of several management programmes. It appears highly 
relevant to extract dynamic information for ravines based on multi sensor satellite data. The use of 
multi sensor data sets will lead to the extraction of precise and useful information about ravines from 
different sensors. A total study of the ravine lands using multi sensor data would call for an 
understanding of the natural interaction among its different components and the potential role of 
human activities in influencing it. Using multi - temporal optical and InSAR data sets we can extract 
dynamic information about the ravines. 
 

1.5. Research Objective 

 
The aim of this research study is to extract the information about the rugged topography, in particular 
Ravines, from the processing of multi temporal optical and InSAR data. Dynamic information thus 
extracted will lead us to know which changes have taken place in the morphological parameter of the 
ravines during the successive years. For fulfillment of the above objective, the present study has been 
carried over the Chambal Ravines around Sabalgarh town, M.P., India. 
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1.6. Research Questions 

 
 How the optical multispectral data can be made useful in studying the morphological 

parameters of the ravines over successive years? 
 
 Whether SAR interferometric data is feasible to extract the depth information about the ravine 

areas? 
 
 Which other parameters can be extracted from the SAR data processing? 

 
 How the scale of analysis influence the results (sensitivity analysis)? 

 

1.7. Thesis Layout 

 
The thesis has been divided into six chapters, wherein each chapter discusses various details. The 
layout of the thesis is as follows: 
 

 Chapter 1; Introduction: This Chapter is introductory in nature. It gives an outline of the 
research involved. 

 
 Chapter 2; Literature Review: This Chapter is an appraisal of the available literature related 

to the current field of study. 
 

 Chapter 3; Study Area: It includes the description of the study area. 
 

 Chapter 4: Materials and Methods: It lists the data being used and the details of the method 
used in this study to reach the objectives. 

 
 Chapter 5; Results and Discussions: The analysis of the current study and the results are 

discussed in detail. 
 

 Chapter 6; Conclusions and Recommendations: The final Chapter summarizes the 
conclusions and the recommendations and scope for future study. 
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2. Literature Review 

 

2.1. Morphology of Ravines 

 

2.1.1. Classification of Ravines 

 
. 
 
Some kind of classification is necessary to analyze the morphological characteristics of Ravines and to 
identify suitable methods for gully erosion control. Ravines have been classified into four classes on 
the basis of their form, head characteristics, depth and width, namely very small (G1), small (G2), 
medium (G3) and deep gullies (G4).(Sharma, 1979) 
 
 
 

Description of symbols of the Gully or Ravine 
 

Particulars of the 
Ravines 

G1 G2 G3 G4 

1. Depth 
 

< 1 m 1 – 5 m 5 – 10 m  > 10 m 

2.Bed width < 10 m 10 – 18 m > 18 m Varies 

Table 3: Classification of Ravines based on their depth and width (Sharma, 1979). 

 
 

2.1.2. Mechanism of Ravine Growth  

 
 
Four stages of Ravine development are generally recognized by Geomorphologists, namely 
 
1.  Pot hole Stage 

In this initial stage, parallel pot holes are formed along the river on flat ground by the mutual 
action of water and soil particles. 

 
 
2. Tunneling Stage 

A further stage in the development is the deepening of pot holes and formation of a tunnel 
from the pot holes to the adjoining ravine. With continuous corrosion these tunnels enlarge in 
size.  
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3. Collapsing Stage  

In this stage the roofs of tunnels collapse and are therefore shown (i.e. ravines) up on the 
surface. 

 
 
4. Recession Stage 

The side and head scarps of Ravines recede continuously. With the continuous recession of 
side scarps alluvial bluffs are disconnected and thus begin to shatter into conical blocks. In this 
last stage, maximum width of ravine bottoms takes place.  

 
 

2.2. Optical Remote sensing for Ravines 

 
The availability of Remote sensing data with improved spatial, spectral and radiometric resolution is 
now available to fully exploit their potential for a specific application subject to the relative merits and 
the limitation of each sensor’s data. Remote sensing data hold great potential for deriving timely and 
reliable information on the nature, extent and magnitude of degraded lands which is required for the 
planning and implementation of any land conservation and management program(Singh, 1983). Until 
1950’s such information had been collected by conventional surveys. During the 1960’s and early 
1970’s, aerial photographs were used to derive information on degraded lands. The first operational 
earth observation satellite launched in 1972 ushered a new era in the management of natural resources 
and in monitoring global environmental degradation. Subsequent development in the sensor 
technology provided improved spatial, spectral, radiometric and temporal resolution to the user 
community in deriving timely and improved information on eroded lands and other natural resources 
(Dwivedi, 1997b).  
 
Earlier aerial photographs were frequently used for the delineation of various categories of ravine 
based on depth, bed width and side slope from reclamation point of view. The spectral response of 
eroded soils is consistently higher in all spectral bands than that of top bare soils. With the availability 
of space – borne multispectral data from Landsat – 1, attempts were made previously to delineate 
broad group of ravines through a systematic visual interpretation approach. Three categories of ravine, 
namely deep (> 10 m deep), medium ravines (5 - 10 m deep) and shallow ravines (1 – 5 m deep) apart 
from peripheral lands were delineated. (Bocco, 1991) used edge – enhanced System Probatoire L’ 
Observations de la terre (SPOT) multi spectral linear array (MLA) stereo images at 1:100000 scale for 
detection of gullies. With the availability of high spatial resolution data from IRS – 1C/1D LISS III, 
delineation of ravines at larger scale were attempted. (Singh, 1999) used multi temporal Indian Remote 
Sensing Satellite – 1C Panchromatic Sensor (IRS – 1C – PAN) data for monitoring the gullied and 
ravenous lands of western Uttar Pradesh, northern India. A collative approach involving systematic 
visual interpretation of Landsat TM/MSS and IRS – 1A LISS II images in conjunction with the 
available ancillary information on lithology, physiography, soils and relief was used for delineating 
ravine lands (Padmini, 2001). The image elements (color, tone, texture, pattern, shape, size, shadow 
and association) were correlated in combination with soil texture.  
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2.2.1.  Image Enhancement Techniques for Delineation 

 
Remote sensors record reflected and emitted radiant flux exiting from earth’s surface materials. 
Ideally, one material would reflect a tremendous amount of energy in a certain wavelength, while 
another material would reflect much less energy in the same wavelength. This would result in contrast 
between the two types of materials when recorded by a remote sensing system(Lillesand, 2002). 
Unfortunately, different materials often reflect similar amounts of radiant flux through out the visible, 
near – infrared and mid – infrared portion of the electromagnetic spectrum, resulting in a relatively 
low contrast image. An additional factor in the creation of low – contrast remotely sensed imagery is 
the sensitivity of the detectors. For example, the detectors on most sensing systems are designed to 
record a relatively wide range of scene brightness values (e.g. 0 to 255) without becoming saturated. 
Saturation occurs if the radiometric sensitivity of a detector is insufficient to record the full range 
intensities of reflected or emitted energy emanating from the scene. To improve the contrast of digital 
remote sensed data, it is desirable to utilize the entire brightness range of the display medium, which is 
generally a video CRT display or hardcopy output device. Digital methods proved to be more 
satisfactory than photographic techniques for contrast enhancement because of the precision and wide 
variety of processes that can be applied to the imagery(Jensen, 1996). 
 
 There are linear and non linear digital contrast enhancement techniques. Linear contrast enhancement 
expands the original input brightness values to make use of the total range or sensitivity of the output 
device(Abramson, 1993). It is best applied to remotely sensed images with Gaussian or near – 
Gaussian histogram, that is, when all the brightness values fall generally with in a single, relatively 
narrow range of the histogram and only one mode is apparent. Non – linear contrast enhancements 
may also be applied. One of the most useful is histogram Equalization. Histogram Equalization applies 
the greatest contrast enhancement to the most populated range of brightness values in the image. It 
automatically reduces the contrast in the very light or dark parts of the image associated with the tails 
of a normally distributed histogram 
 
  
 

2.3.  SAR Interferometry (InSAR) 

 
Geomorphologists have long recognized the importance of remote sensing as a helpful means to 
quantitatively describe the earth’s surface and its properties with the aim of relating landforms to 
formative land processes. Such an approach allows for the investigation of the interactions in time and 
space among the processes that create these forms. Since the launch of first civilian Synthetic Aperture 
Radar (SAR), in 1978, this quantitative geomorphological analysis benefited from the use of 
spaceborne SAR sensors. The SAR response is modulated by the terrain slope, the soil moisture and 
the roughness of the land surface, as seen at the scale of the radar wavelength(Evans, 1992). 
Limitations in interpretation are mainly related to the SAR geometry of acquisition and the spatial and 
temporal variations in soil moisture. Some of these limitations can be overcome by the use of multi 
polarization, multi frequency and multimode SAR missions. A further contribution to 
geomorphological studies has come with the development of the SAR Interferometry (InSAR) 
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technique. This technique relies on the property that two coherent SAR signals scattered by the same 
surface may be, with in certain conditions, interferometrically processed. The interferometric phase 
resulting from this processing is related to the terrain topography(Graham, 1974). In addition, the 
correlation coefficient between the two coherent SAR signals, also known as interferometric 
coherence, can be used in synergy with the intensity information of SAR images taken at different 
times to generate land use maps. Moreover, a slightly different interferometric processing, known as 
differential SAR Interferometry (DInSAR), can be used to measure changes of the terrain morphology 
to sub centrimetric accuracies(Van, 1996). Examples of changes successfully measured by DInSAR 
encompass both terrain changes due to natural phenomenon such as earthquakes, volcanic activity, 
landslides and those related to the human activity such as terrain inflation/deflation caused by 
groundwater pumping and oil/gas extraction. 
  

2.3.1. SAR Interferometry technique  

 
The SAR Interferometry (InSAR) technique relies on the processing of two SAR images of the same 
portion of the earth’s surface obtained either from two slightly displaced passes of the SAR antenna at 
different times (repeat pass Interferometry), or from two antennas placed on the same platform and 
separated perpendicularly to the flight path (single pass Interferometry). Figure 1 shows a sketch of the 
interferometric configuration. The position of SAR antennas is A1 and A2, while their slant – range 
distance to the point target P is denoted with R1 and R2 respectively. The separation between the two 
antennas is called baseline and is denoted with B. Each pixel on the two SAR images corresponds on 
the ground to a surface area whose dimensions are very large compared to the radar wavelength. This 
surface area contains a large number of elemental scatterers. The returned echo is the result of the 
coherent summation of all the returns due to the single scatterers. The echo power depends on the 
dielectric properties of scatterers, their spatial distribution and their orientation with respect to the 
SAR sensor. If the same surface area is observed from a slightly different position of the sensor, the 
returned echo differs. The amplitude and phase of the returned echo in each SAR image are random 
variables(Werner, 1992).  
 

 
Figure 2: SAR Interferometry configuration 
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Differentiating the phase of two coherent SAR images eliminates the random behavior and identifies 
the phase contribution due to the terrain morphology.  In other words, the phase difference ϕ  between 
the corresponding pixels after the co registration of the two SAR images is, namely, 
 
  

( )21
4 RR −=
λ
πϕ . 

 
Change in the range distances R1 and R2 corresponds to the phase difference resulting in a fringe 
pattern called interferogram. In the above formula, λ  is the radar wavelength. 
 
There are two conditions to be met in order to observe a fringe pattern. The first one is that the spatial 
distribution and the electromagnetic properties of elemental scatterers contained with in a pixel remain 
almost completely stable. This condition is easily satisfied if the two coherent SAR images are taken at 
the same time. For repeat pass InSAR, this condition could not be satisfied by targets such as 
vegetated and water – covered areas or regions where a natural or anthropic phenomenon caused a 
great variation of the properties of elemental scatterers or of their spatial distribution. The second 
condition requires that the difference between the two – way slant range distances has to be smaller 
than the radar wavelength λ  in order to observe interferometric fringes(Catani Filippo, 2005).  
 
 

 
Figure 3: Geometrical condition for observing a coherent phase image by means of InSAR technique. 

 
 
Let us introduce the ground range extension L corresponding to a pixel on the two SAR images. For 
each image the two way slant range distance corresponding to L is ϑsin2LR =∆ , where ϑ  is the 
radar look angle. Hence the second condition is satisfied by requiring that 
 
   

( ) λϑϑ <− 21 sinsin2L  
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Figure gives a geometrical interpretation of this condition. The baseline B between the two antennas 
makes the radar look angle at the positions A1 and A2 slightly different. The condition on the 
maximum length of the normal baseline is given by 
 
 
 

   
L

RBn 2
λ

< . 

 
 

2.3.2. InSAR as a tool for topographic Mapping 

 
The use of InSAR for topographic mapping has been one of the major issues since the introduction of 
this technique by Graham. Since then, several workers have demonstrated the accuracy and limitations 
of this technique. A specific 11 – day spaceborne mission, the Shuttle Radar Topography   Mission 
(SRTM), flew in 2000, with the objective of producing a global high resolution Digital Elevation 
Model (DEM) covering 80 % of the earth’s surface between 600 N and 560 S. The basic relationship 
used to derive the topographic height z from the interferometric phase is following 
 
 

ϕϑ
π
λ

nB
Rz 11 sin

4
=  

 
The accuracy of the interferometrically derived DEM depends on the interferometric configuration and 
on the noise level on the fringe pattern(Zebker, 1994). If we assume a typical ERS-1 configuration (for 
the values of H,λ  andϑ ) and a phase error due to noise equal to 6/πϕ =∆ radians then the 
corresponding DEM accuracy will be  
 
 

nnn BB
H

B
Rz 2080tan

4
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4
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π
λϕϑ

π
λ

 

 
 
 

Figure gives the DEM accuracy vs. the normal baseline for ERS – ½ (C band), JERS (L band) and 
SRTM space – born missions. The SRTM mission is characterized by a fixed baseline (B=60 m) and 
two frequency bands (C and X). 
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Figure 4: Accuracy of the Interferometric DEM as a function of the normal baseline for ERS – 1/2 (solid 
line), JERS (dash and dot line) and SRTM which is characterized by a fixed baseline Baseline B=60 m & 

two frequency bands C (square) and X (triangle). 

 
Several theoretical studies have been done in the reconstruction of digital elevation models (DEMs). In 
this context, phase unwrapping is a very important step in the processing chain of interferometric data. 
During the reconstruction of the DEM the phase unwrapping in areas which contain layovers or 
regions with low coherence can produce closed regions with ambiguous phase information. For these 
areas, the use of reference points to determine the absolute height over the whole area was proposed. 
Werner (1993) worked out some details in surface slope estimation. The phase gradients can be 
obtained directly from the complex Interferograms. The angle of the phase gradient is a function of the 
direction of the slope. The surface slope can be determined directly if the interferometric baseline 
geometry is known. The terrain slopes are defined by the gradient of the surface height 
 

   







=∇

dy
dz

dx
dzz ,  

 
 
which can be transformed in 
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The angle ξ  is defined as  
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with Bn and Bp as the baseline components perpendicular and parallel to the radar LOS. The relative 
error of this approximation of the topographic gradient estimation is below 1%. 
The knowledge of terrain slopes enables the normalization of SAR backscattering coefficients and the 
correction of the interferometric correlation for slope effects(Werner, 1993). This is most useful for 
geomorphological studies, watershed management, soil erosion and other earth science applications. 
 
 

2.3.3. SAR Coherence estimation 

 
As previously described InSAR interferogram is formed using the phase from two data takes, while 
InSAR coherence images are made by using both the amplitude and phase from the SAR image pair. 
The coherence can be said to be an estimate of the phase stability of the images targets in the time 
between two SAR acquisitions. In practise this means that if the ground surface is undergoing changes 
caused by glacier motion, thawing conditions and moisture changes, fields that are being harvested or 
ploughed or buildings that are being constructed then the resulting coherence will decrease. The 
coherence can also decrease if the signal has a significant volumetric component, as is the case for 
dense forested areas and dense shrubs. This was shown by (Askne, 1993) who explored the use of ERS 
– 1 SAR coherence images for classifying open fields and forested areas. Similarly (Wegmuller, 
1994)used ERS SAR coherence images to classify vegetated areas and monitor land use changes. 
The normalized coherence γ  is given by the complex correlation between two co – registered 

complex SAR images of backscatter intensities 1I  and  2I  
 
 

   
∗∗

∗

=
2211

21

IIII

II
γ  

 
Where the bracket  denotes the estimated average and  ∗  denotes the complex conjugate. The 

normalization in the denominator will give coherence values in the range [ ]1,0 . The magnitude of γ is 
the degree of coherence between the two observations. This will also correspond to the fringe visibility 
in an InSAR interferogram. 
The degree of coherence γ  that is estimated from a complex SAR image pair can be considered as the 
product of different correlating factors as long as the sources of correlation are statistically 
independent 
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        temporalgistrationBaselineprocessorsystemSNR γγγγγγ Re=          

where systemSNRγ  is the correlation due to radar system signal to noise ratio, processorγ is the correlation 

due to the SAR processor which is the processing stages from the SAR raw data to the single look 
complex (SLC) SAR image product, Baselineγ  stands for the across track distance between the two 

satellite passes, gistrationReγ  refers to the accuracy a SLC SAR image pair can achieve in the co – 

registration process while temporalγ  is the temporal correlation. The first four terms in the above 

equation are factors that one would desire to minimize so that the measured coherence in an area is 
corresponding more or less to the amount of temporal decorrelation temporalγ from the ground 

surface(Cattabeni, 1994). 
The baseline correlation factor will become smaller and smaller as the baseline increases, until a 
critical baseline limit is reached (approximately 1.1 km for ERS) where a full decorrelation occurs. 
Baselines smaller than 100 m for the ERS – 1 and ESR – 2 satellites will give a correlation factor 
larger than 0.9 and for many applications this may be satisfactory. The coherence can also decorrelate 
if the co – registration of the complex SAR image pair is poor. It is therefore important to carry out 
image co – registration as accurately as possible. Wegmuller (1994) found that a registration accuracy 
better than 0.2 pixels in azimuth and range reduced the coherence by less than 10%.                                                    
 
 
 
 

2.3.4. Backscattering coefficient  

 
 
The main parameter retrieved by SAR sensors is the backscattering coefficient, generally extracted as 
the square of the amplitude of the complex signal recorded by the radar instrument. Backscatter is the 
portion of the outgoing radar signal that the target redirects directly towards the radar antenna. The 
scattering cross section in the direction towards the radar is called the backscattering cross-section; the 
usual notation is the symbol sigma ( )σ . It is a measure of the reflective strength of a radar target. The 
normalized measure of the radar return from a distributed target is called back scattering coefficient 
( )0σ  and is defined as per unit area on the ground(Benallegue, 1995). 
Microwave backscattering is influenced mainly by two parameters: soil roughness and soil dielectric 
properties, the latter synthesized by the dielectric constant. For instance, Dry soil, on the contrary, 
exhibits a stronger radar backscatter, both due to roughness and to lower dielectric constant, which 
allows volume scattering phenomenon. 
By comparing several images of the same zone, taken at different times, it is possible to discriminate 
temporal variations in the scattering behavior of the surface, which in turn may indicate in its physical 
parameters. Thus, for example, changes in the backscattering level of a bare field may indicate 
ploughing between the two data acquisitions, or seasonal variations detected on vegetated fields can be 
due to different crop stages(Nico, 2000).   
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The expression required to calculate the backscattering coefficient of a distributed target from the 
amplitude of the complex signal(Laur, 2004) is given by 
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Where  0σ = distributed target radar cross-section. 

  2DN  = average pixel intensity of distributed target 

  DN = pixel digital number 
  K  = calibration constant 
  iα  = distributed target incidence angle 

  refα = reference incident angle (230) 

  ( )2iG θ  = elevation antenna pattern gain 

  iθ  = distributed target look angle. 

  iR  = distributed target slant range 

  refR  = reference slant range (847.0 km) 

  plicaPowerageReIm  = power of the replica pulse used in the processing 

  plicaPowerferenceReRe  = replica pulse power of reference. 

  PowerLoss  = analogue to digital convertor (ADC) power loss. 
This equation includes corrections for replica power variations and the problem of saturation of the 
Analogue to Digital converter (ADC) while the application of intensity averaging reduce radiometric 
resolution errors due to speckle.  
 
The distributed incidence angle iα , look angle iθ  and slant range iR  to a pixel at ground range 

coordinate i can be calculated as follows: 
 
The Earth radius, TR , is calculated using 

( )[ ] ( )[ ] 2/12222/1242 sin/cossin/cos
−

×+××+= λλλλ ababaRT  
 
 Where  a  = equatorial earth radius (6378.144 km) 
  b  = polar earth radius (6356.759 km) 
  a  and b correspond to the ERS reference ellipsoid: GEM6 
 
From the ERS reference geometry, the ERS altitude H is given by 
 

  [ ] 2/1

11
2

1
2 cos2 α×××++=+ RRRRHR TTT  

 
 Where 1R  is the slant range distance to the first range pixel: 2/11 tcR ×=  
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 c is the velocity of light, 1t  is the zero Doppler range time of the first range pixel. 
 
The near range look angle is given by 
 
  ( ) ( )HRRR TT +×+= /coscos 111 αθ  
 
The Earth angle 1ψ  for first range pixel is given by: ( )111 απθψπ −++=  thus, 111 θαψ −=  
 

1ψ  is the angle between the vertical of the satellite and the vertical of the first range pixel. 
 
The Earth angle iψ  for pixel  i  can be estimated using 

 
  ( ) ( ) Ti Rri /1sin ∆×−=∆ψ , where r∆  is the pixel spacing (along ground range) 

 
 
 
 
 
 

 
Figure 5: SAR Interferometric Configuration 
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iψ∆  Being small ( iψ∆  = 0.9 degree for 100 km swath width), iψ  is given by 

 
  ( ) Tiii Rri /11 ∆×−+=∆+= ψψψψ  (Expressed in radians) 

 
The slant range to a pixel at range coordinate i , iR  is given by 

 

  ( ) ( )[ ] 2/122 cos2 iTTTTi HRRHRRR ψ×+××−++=  

 
The incidence angle iα at pixel coordinate i  is given by 

 

  ( )[ ] ( )TiTiTi RRRRHR ××−−+= 2/cos 222α  

 
And the Look angle iθ  at pixel coordinate i  is given by 

 
  ( ) ( )HRRR TiTii +×+= /coscos αθ  
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3. Study Area 

3.1. Study Area 

 

3.1.1. Location  

 
The study area is a part of Lower Chambal Valley lies near Sabalgarh town in the Madhya Pradesh 
state of the India. The area covering about 691.65 sq. km., is located between 26015’ to 260 30’ N 
latitude and 770 15’ to 770 30’ E longitude, which falls in the survey of India toposheet No. 54 F/7. 
Physiographically a major part of the area is covered by thick alluvium deposited by Chambal  
River and its tributaries Kunwari, Sind and Vaishali Nadi (stream). The area to the north of Chambal 
River is characterized by deeply dissected plateau and resulting undulating topography. To the extreme 
south, the presence of residual hills gives a locally uneven physiography. In the central part i.e., on 
both sides of Chambal River, ravine lands give overall bad land topography.  
 
 
 

 
Figure 6: Study Area 
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3.1.2. Climate  

The climate of the area is semi – arid and sub – tropical with a mean annual temperature of 25.10 C, a 
mean annual summer (April - June) temperature of 32.40 C and a mean annual winter (November – 
January) of 17.60 C. By the end of June or by the 1st week of July, the monsoon breaks and the weather 
becomes cool, through humid. The area receives its rains from the Arabian Sea. The mean annual 
precipitation of the area is 784.0 mm. Soil moisture and soil temperature regimes of the area qualify as 
ustic and hyperthermic, respectively (US Department of Agriculture 1975). 
 
 
 

3.1.3. Socio – economics  

 
The details of Socio – economy of the Chambal region have been described in the table given below. 
 
 

S.No. Indicator Unit State of Madhya 
Pradesh 

Chambal Region

1 Population No. 60385118 3573930 
2 Rural population Percentage 73.33 78.45 
3 Density of population Persons per 100 Sq. 

Km. 
196 282 

4 Female population No. per 1000 male 927 845 
5 Literacy Percentage 64.08 60 
6 Geographical Area Sq. Km. 307450 16140 
7 Forest Area Sq. Km. 88090 3430 
8 Agriculture sown 

area 
Percent 49 46 

9 Ratio of irrigated area 
to sown area 

Percent 28 45 

10 Production of food 
grain 

Thousand metric tones 152471 943 

11 Total irrigated area Sq. Km. 56690 4000 
12 Gross value of 

agriculture 
production 

USD per hectare 600 2500 

Table 4: Socio – economic Indicator of Chambal region. 
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4. Materials and Methods 

4.1. Materials 

 

4.1.1. Remote Sensing Data 

 
LANDSAT - 5 TM IMAGE: Two Thematic Mapper images were taken in December 1990 and 
November 1995. It includes spectral regions of VNIR (bands 1-4 with 30 m resolution), SWIR (bands 
5 and 7 with 30 m resolution) and TIR (band 6 with 60 m resolution) (Jensen, 2004).  
 

Band No. Wavelength(µm) Spatial Resolution(m) 
1 0.45 – 0.52 30 

2 0.52 – 0.60 30 
3 0.63 – 0.69 30 
4 0.76 – 0.90 30 
5 1.55 – 1.75 30 

6 10.40 – 12.50 60 
7 2.08 – 2.35 30 

Table 5 : Nominal Characteristics of Landsat – TM image 

 
IRS – 1C LISS III IMAGE: The image was taken on 15 November 2000. LISS III sensor provides 
multi – spectral data in 4 bands. It includes four bands Green, Red, Near Infra Red and Shortwave 
Infra Red (SWIR). The spatial resolution for visible (two bands) and near infrared (one band) is 23.5 
m with a ground swath of 141 km. The fourth band (SWIR) has a spatial resolution of 70 m with a 
ground swath of 148 km. The repetivity of LISS III is 24 days. 
 

Sensor  LISS III 

Resolution 23.5 m (Bands 2,3 and 4) 
70 m (Band 5) 

Swath 141 km (Bands 2,3 and 4) 
148 km (Band 5) 

Repetivity 24 days 

Spectral Bands 0.52 – 0.60 µm 
0.63 – 0.69 µm 
0.76 – 0.90 µm 
1.55 – 1.75 µm 

Table 6 : Nominal Characteristics of IRS 1C – LISS III 
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IRS – P6 LISS III IMAGE: This image was taken on 20 October 2005. IRS – P6 carries three 
cameras similar to those of IRS – 1C and IRS – 1D but with vastly improved spatial resolutions – a 
high resolution LISS IV with 5.8 m spatial resolution, a medium resolution LISS III with 23.5 m 
spatial resolution and AWIFS sensor with 56 m spatial resolution(Jensen, 2004). LISS III sensor 
operates in three VNIR spectral bands and one Shortwave Infrared (SWIR) band.  
 

Sensor  LISS III 

Resolution 23.5 m 

Orbit height 817 km 

Orbit inclination 98.7 deg 

Repetivity 24 days 
 

Spectral Bands 0.52 – 0.60 µm 
0.63 – 0.69 µm 
0.76 – 0.90 µm 
1.55 – 1.75 µm 

Table 7 : Nominal Characteristics of IRS P6 – LISS III 

 
ERS – 1 InSAR DATA PAIRS: Two ERS InSAR data pairs were taken in 1992 and 1996 years. ERS 
satellite weighs over two tons and when fully deployed, covers almost 12 meters. The satellite circles 
the earth once every 100 minutes, 780 km up, beaming down data at 105 megabits per second.  
 
 

Sensor ERS - 1 SAR 
SAR antenna size 10 m long, 1 m wide 

Frequency 5.3 GHz (C – Band) 
Radiometric Resolution <2.5 dB 

Spatial Resolution Along track < 30 m 
Across track>26.3 

Swath Width 80.4 (nominal with in 
specifications) 

Polarization Linear vertical 
Incidence angle 230 at mid swath 

Compressed pulse length 64 ns 
Peak Power 4.8 kW 

Data rate 105 Mbps 

Table 8 : Nominal Characteristics of ERS – 1  
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The detail of the ERS-1/2 InSAR data pairs selected for the 1992 & 1996 years are as 
 
 

S. No. Mission Orbit Track Frame Date Node 
01 ERS – 1  5947 291 3069 1992 – 09 – 04  
02 ERS – 1 6448 291 3069 1992 – 10 – 09 

Descending 

 
03  ERS – 1 24828 291 3069 1996 – 04 – 14 
04 ERS – 2  5155 291 3069 1996 – 04 – 15 

Descending 

Table 9: Detail of ERS SAR data pairs. 

4.1.2. Software’s used 

 

(i) ERDAS IMAGINE 8.7 (ii) ENVI 4.1 (iii) SARDA (iv) ArcMAP. 

 

4.2. Georeferencing and data set generation           

 
The LandSat TM 1990 image was geometrically corrected and projected to the Universal Transverse 
Mercator projection system. Several well distributed geographic control points (GCPs) were taken 
from the Survey of India topographic map at 1:50,000 scale. The residual rms error of 0.53 was 
computed. The image was then resampled at 25 m spatial resolution using nearest neighborhood 
interpolation technique. Subsequently using the digitally registered LandSat TM 1990 image as 
reference, other images namely Landsat TM 1995, IRS – 1D LISS III 2000 and IRS – P6 LISS III 
2005 with rms error of 0.61, 0.47 and 0.35 pixels were registered by image to image algorithm. The 
projection details are given below 
 
Projection Type: Universal Transverse Mercator (UTM) 
Spheroid Name: Everest 1956 
Datum Name: Indian (India, Nepal) 
UTM Zone: 43 
North or South: North 
 

4.3. Radiometric Normalization of optical datasets 

 
Radiometric Normalization of the input data is very critical in radiometric change detection procedures 
to minimize detection of spurious changes due to poor normalization. The objective of normalization 
is to correct insofar as possible for differential atmospheric conditions, solar illumination, sensor 
calibration, phenological variability and other influences that produce radiometric change that is not 
due to fundamental changes in terrain cover or condition(Lillesand, 2002). In this study, linear 
regression method was employed for radiometric normalization. This process involves radiometrically 
normalizing the separate bands from one multispectral date to second date over the same geographical 
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location acquired approximately at the same time of year. The procedure consists of extracting DN 
values from features between the two dates that are least likely to change, deriving regression 
coefficients from these values between the two dates and applying the coefficients to the entire first 
date image(Johnson, 1998). In this way, the first date image is corrected for differences in atmospheric 
conditions and/or sun angle differences that may occur between the acquisitions of the two images (i.e. 
the first date is radiometrically normalized to the second date).  
 
TM 1990 and LISS – III 2000 images were radiometric normalized with respect to TM 1995 image 
while LISS – III 2000 was normalized to LISS – III 2005. The reason for choosing the TM 1995 and 
LISS – III 2005 as reference image was due to their highest solar elevation angle and widest dynamic 
range of their DN values as analyzed from their histograms.  
 

 
Figure 7 : Histogram of Band 2 of Landsat TM 1990 image. 

 

 
Figure 8 : Histogram of Band 2 of Landsat TM 1995 image. 
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Figure 7 and 8 are showing the histograms of band 2 for TM 1990 and TM 1995 images. The range of 
DN values for TM 1990 image is in between 22 and 66 with the mean value 35.61 while for TM 1995 
image it is in between 11 and 194. As, TM 1995 image has a widest dynamic range of the DN values 
than TM 1990, so it has been taken as reference image and TM 1990 image was made to be 
radiometric normalized with respect to it. Similar interpretations were done for normalizing the other 
images. Landsat TM has seven bands i.e. three visible, one near infra red, two short wave infra red 
bands while LISS – III consists of two visible, one infra red and one short wave infra red bands. For 
normalization, only the bands with similar wavelength were taken into account and were normalized 
with respect to each other(Morto, 2004). 
 
As stated earlier TM 1995 was chosen as reference image for normalizing the TM 1990 image, so 
pixel values were extracted from each band of the two dates of imagery representing un – changed 
features (or that are least likely to change) at the same location(Chiesa, 2000). A range of values were 
extracted that represent features with low, medium and high DN values (i.e. a range of brightness) in 
each band. These features were water, canal, road, sand bar etc. which were least likely to change. 
Scatter plot of each band was created such that unchanged DN values of input image (TM 1990) were 
on X – axis while values of reference image (TN 1995) were on Y – axis. Some outliers were present 
so, these points were deleted and the plot was drawn again. 
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Figure 9 : Scatter plot drawn for unchanged DN values in between TM 1990 and TM 1995.                   
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Regression Statistics 

Multiple R 0.991470415 

R Square 0.983013585 

Adjusted R Square 0.981706937 
 

Offset Coefficient -13.84733493 

Gain Coefficient 0.506409074 

Table 10 : Linear Regression statistics for band 3 of Landsat TM 1990 and 1995 

 
 
Linear regression process was applied on each 2 – date pair of bands with date 2 (reference image) 
chosen as dependent variable and date 1 (input image) as independent variable. From the plot, the 
resultant offset and gain coefficients were recorded. These coefficients were then applied to each band 
of the TM 1990 image in order to radiometrically normalize it with respect to the TM 1995 image. 
Through similar procedure, LISS – III 2000 image was normalized w.r.t. TM 1995 image and LISS – 
III 2000 was normalized w.r.t. LISS – III 2005 
 
 
 

4.4. Image Enhancement for visual interpretation 

 
As remote sensors record the radiant flux reflected in various wavelengths from the earth’s surface 
materials.(Jensen, 1996) This results in contrast between the two types of materials when recorded by 
a remote sensing system. Thus, for better visual interpretation of the images, their contrast was 
improved by expanding the range of brightness values to use the full dynamic range of the display 
medium. Histograms of images of all the years were analyzed. For example, the histogram and 
associated statistics of the band 3 of LISS – III 2005 revealed that the scene is composed of brightness 
values ranging from the minimum value of 45 to the maximum value of 172 with mean value 86.461 
and standard deviation value 14.057. When this data is displayed without any contrast enhancement 
we use less than one half of the full range of brightness values that could be displayed (i.e. brightness 
values from 0 to 45 & 172 to 255 are not used). It is difficult to visually interpret such an image 
perfectly. A more useful display can be produced if we expand the range of original brightness values. 
For it, linear contrast enhancement was applied to the images. Image statistics was examined to 
determine the minimum and maximum brightness values in the band, mink and maxk, respectively. The 
output brightness value BVout was computed according to the equation,    

 
 
 



DYNAMIC INFORMATION EXTRACTION FOR RUGGED TOPOGRAPHY FROM MULTI SENSOR SATELLITE DATA 

27 

  k
kk

kin
out quant

BV
BV .

minmax
min









−
−

=   

Where BVin is the original input brightness value and quantk is the range of the brightness values that 
can be displayed. 
 
 

                           
(a)          (b) 

 

Figure 10: (a) Original IRS P6 LISS – III 2005 image (b) Linear contrast stretch IRS P6 LISS – III image. 

 
 
           

 

4.5. Spatial Filtering to enhance the linear edges 

 
 
As spatial frequency by its very nature describes the brightness values over a spatial region, so a 
spatial approach was adopted for extracting the quantitative spatial information. Thus for delineating 
the ravines as linear objects, edge enhancement technique was applied over the multi – date 
imageries(Abramson, 1993). It was performed by convolving the original data with a Laplacian mask 
(or kernel). The Laplacian is a second derivative and is invariant to rotation i.e. insensitive to the 
direction. Different coefficients were placed in the convolution mask and applied over the imageries. 
But better edge enhancement information was generated by applying the Laplacian mask as 
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These coefficients in the mask were multiplied by the individual brightness values (BVi) in the input 
image 
 

  

987

654

321

)1()1()1(
)1()1()1(
)1()1()1(

_
BVBVBV
BVBVBV
BVBVBV

TemplateMask
×−×−×−
×−×−×−
×−×−×−

=  

 
 

Where BV1=BVi-1, j-1  BV2=BVi-1,j BV3=BVi-1,j+1 

  BV4=BVi,j-1 BV5=BVi,j BV6=BVi,j+1 

  BV7=BVi+1,j-1 BV8=BVi+1,j BV9=BVi+1,j+1 

 
 
Thus, Laplacian operator highlighted points, lines and edges in the image & suppresses uniform and 
smoothly varying regions. Hence use of this operation led to better visualization of the images for 
delineating the ravines. 
 
 

4.6. Grid Generation 

 
Delineated Ravines were studied by generating the grids of size 1x1 km, 5x5 km and 10x10 km over 
them. The purpose of generating the grids was to study the morphological behavior of ravine line 
objects area wise during different year. Grids of three different sizes were created to perform the 
sensitivity analysis i.e. the effect of change in the size of the grids in the results. For the 10x10 km 
size, 12 grids were formed of which ravines were found in 9 grids, while for the 5x5 km and 1x1 km 
size, 42 and 900 grids were formed. 
 

 
 

        
     (a)           (b)           (c) 

Figure 11: Grids of three different sizes (a) 10x10 km (b) 5x5 km (c) 1x1 km. 
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4.7. Normalized Differential Vegetation Index 

 
Vegetation content over the ravine objects is one of the important parameters to study the changes 
taking place in their Landcover. The parameter for estimating vegetation abundance from the multi 
spectral images was Normalized Differential Vegetation Index (NDVI).(Lillesand, 2002) It is the 
difference in the reflectance values in the visible red and near infra red wavelengths divided by the 
overall reflectance in those wavelengths. NDVI is given by 
 

   
RNIR
RNIRNDVI

+
−

=  

 
The result of this algorithm was a single band data set, with values ranging from -1 to +1 
corresponding to photosynthetic vegetation abundance. 
 

 
Figure 12: NDVI Image of IRS P6 – LISS III 2005. 

 
 
 
 

4.8. InSAR data processing 

 
SAR interferometric processing was applied on 1992 and 1996 ERS – 1 data pairs for the generation 
of interferogram, DEM and other intermediate products for the parameter estimation of Ravines. 
InSAR processing was done with SARDA software (Synthetic Aperture Radar Digital elevation map 
generation and Applications) developed by SAC, Ahmedabad, India. ERS 1 and 2 SAR image data are 
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usually supplied with a data file and a leader file in CEOS format. These two files were input in the 
processing panel.  The details of InSAR data processing has been described in the following sections.  
 

4.8.1. Baseline Estimation 

 
For the DEM generation, baseline information is also required along with the phase information(Li, 
1990). Thus, base line estimation was done from the relevant master and slave data (.DAT) files. For 
the ERS 1996 tandom pairs, parallel and perpendicular baseline were found to be 35 m and 86 m while 
for the ERS 1992 data pairs, values were found as 40 m and 226 m. 
 
 
 
 
 

 
 

 
 

 
 
 

 
 
After processing the outputs were  
 
 

Data pairs Orbit  Parallel 
baseline  

Perpendicular 
baseline  

Delta days 

ERS – 1 
14th April, 1996 

24828 0 0 0 

ERS – 2 
15th April, 1996 

5155 35 86 1 

Table 11 : Estimated baseline values for the ERS 1996 SAR data pairs. 

 
Data pairs Orbit  Parallel 

baseline (m) 
Perpendicular 
baseline (m) 

Delta days 

ERS – 1 
4th Sep, 1992 

5947 0 0 0 

ERS – 1 
9th Oct, 1992 

6448 40 226 35 

Table 12 : Estimated baseline values for the ERS 1992 SAR data pairs. 

 
 

LEADER_1.DAT LEADER_2.DAT 
SATELLITE 
EPHEMERIS 

INFORMATION

BASELINE 
ESTIMATION
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4.8.2. Sub – Pixel Registration 

 
For generating interferogram, two SLC images were registered very accurately in both amplitude and 
phase. Tie points were selected from the reference image for the registration purpose(Lin, 1992). The 
information about tie points selected in the reference image included the input scan line and pixel no. 
from the image and Latitude, Longitude and Altitude of the same points from the topomap. Latitude 
and Longitude were entered in Degree – Minute – Second format and height was entered in meter. The 
tie points which were entered have the following description.  
 
 

Tie Points Scan line Pixel Latitude 
(D-M-S) 

Longitude 
(D-M-S) 

Height  
(m.) 

1 729 489 260 15’ 48” 770 24’ 43” 198.70 

2 704 614 260 15’ 45” 770 27’ 59” 195.185 

3 340 485 260 23’ 57” 770 26’ 41” 155.42 

4 416 382 260 22’ 53” 770 23’ 34” 177.79 

5 549 154 260 21’ 13” 770 17’ 25” 180 

6 606 618 260 17’ 42” 770 28’ 45” 196.66 

7 487 409 260 21’ 18” 770 23’ 57” 158.71 

Table 13 : Supplied Tie points from the reference image with geographic latitude, longitude and height.        

 
 
Based on these tie points, slave image was registered with respect to the master image at an accuracy 
of 1/100th of a pixel. 
 
 
 

4.8.3. Interferogram and Coherence Information Generation 

 
For the generation of an interferogram, required inputs were two co – registered images with an 
appropriate baseline distance in between them. The phases of two SLC images were subtracted from 
one another and interferogram was generated(Madsen, 1993). This was done by multiplying one input 
image with complex conjugate of the other input image. 
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The generated interferogram represented wrapped phase for each pixel. It was representing the phase 
values for each pixel varying between – π to + π as phase can be recorded only in modulo 2 π. This is 
known as principal phase. This phase needs to be unwrapped to obtain the actual phase difference for 
each point on the terrain. This has been carried out in a subsequent step. 
 
Coherence is a correlation in between the phase values of two SAR images. Thus coherence image 
was generated from the interferogram information(Chatterjee, 2003). Their values ranged in between 0 
and 1 with 0 means least correlated while 1 means high correlation in between the two phase values. 

 
 
 

 

FRINGE 
GENERATION

INTERFEROGRAM 
GENERATION 

COHERENCE 
INFORMATION 

SLC_1 DATA BASELINE 
INFORMATION 

SLC_2 DATA 



DYNAMIC INFORMATION EXTRACTION FOR RUGGED TOPOGRAPHY FROM MULTI SENSOR SATELLITE DATA 

33 

 
Figure 13: Amplitude Image of ERS – 1 data of 14th April, 1996. 

 
 

 
 

 

 
Figure 14: Amplitude Image of ERS – 1 data of 14th September,1992.. 
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Figure 15: Interferogram generated from ERS 1996 SAR data pairs. 

 

         
 

             

 
Figure 16: Interferogram generated from ERS 1992 SAR data pairs. 

 
                                                                                                                                                                                         

a 
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Figure 17: Coherence image generated from ERS 1996 SAR data pair. 

 
 

 
Figure 18: Coherence image generated from ERS 1992 SAR data pair. 

 
            
            
             



DYNAMIC INFORMATION EXTRACTION FOR RUGGED TOPOGRAPHY FROM MULTI SENSOR SATELLITE DATA 

36 

4.8.4. Phase Unwrapping 

 
As the height of the terrain increases, the phase also increases steadily. Since phase values are a 
periodic function of 2 π, they automatically get wrapped after reaching 2 π. Thus the wrapped phases 
of the interferogram were unwrapped in this process. This is the crucial step in InSAR 
processing(Loffeld, 1994). The error committed at this stage affects the accuracy of DEM generated. 
This step is quite slow and took number of hours to execute. A flattened and filtered interferogram and 
a coherence image were used for this step. During unwrapping different coherence threshold values 
were tried by lowering it until there are no evident of too large unwrapping errors (phase areas 
discontinuous with respect to the surrounding). After several trials satisfactory phase was obtained 
 
 
The phases which were unwrapped can be described by the equation 
 
  nwpup ∗+= πφφ 2  

 
Where, upφ  is unwrapped phase, wpφ is wrapped phase and n  is a positive integer. 
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4.8.5. Phase to Height Conversion 

 
As the height z at any point of the terrain is related to the change in phase ϕ∆  as 
 

ϕϑ
π
λ

∆=
nB

Rz 11 sin
4

 

 
Where 1R  is the slant range distance of the first image, nB  is baseline component normal to the look 

direction, λ  is radar wavelength and  1ϑ  is incident angle. Thus, height information corresponding to 
each pixel was derived from the unwrapped phase, baseline and satellite ephemeris 
information(Strozzi, 2000). The DEM from ERS 1996 SAR data pairs was generated with a coherence 
threshold of 0.3. The standard grid size of the DEM is 25m and it has been shown in Figure 21. The 
DEM from the ERS 1992 SAR pairs could not be generated due to the bad quality of the interferogram 
produced which was the limitation of this particular data set.  
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Figure 19: DEM Generated from the ERS 1996 SAR data pairs. 

 
 

4.9. Estimation of Backscattering Coefficient 

 
 
The backscattering coefficient of a distributed target from the DN image of the complex signal(Laur, 
2004) is given by 
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Where  0σ = distributed target radar cross-section. 

  2DN  = average pixel intensity of distributed target 

  DN = pixel digital number 
  K  = calibration constant 
  iα  = distributed target incidence angle 

  refα = reference incident angle (230) 

  ( )2iG θ  = elevation antenna pattern gain 

  iθ  = distributed target look angle. 
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  iR  = distributed target slant range 

  refR  = reference slant range (847.0 km) 

  plicaPowerageReIm  = power of the replica pulse used in the processing 

  plicaPowerferenceReRe  = replica pulse power of reference. 

  PowerLoss  = analogue to digital convertor (ADC) power loss. 
 
 

In the above equation 
ref

i

K α
α

sin
sin.1

is the calibration constant as a function of the range location. The 

value of K is specific to the type of data product and to the processing centre and has been given in 
appendix A. As the product was processed at the United Kingdom PAF (UK – PAF), its corresponding 
calibration constant value was taken. iα  is the distributed target incidence angle and refα is the 

reference incidence angle i.e. 23.0 degrees. 
 

( )2iG θ is a PAF and product processing data dependent correction factor for the elevation antenna 

pattern. It accounts for updating the gain due to the elevation antenna pattern implemented in the 
processing of the ERS PRI data products with refined measurements. 
 
Image replica power is the power of the replica pulse used to generate the product & reference replica 
pulse power of the reference image.  
 
The incidence angle iα , the look angle iθ and the slant range iR  to a pixel at ground range coordinate 

i  were derived after retrieving the values from the product header CEOS annotations as given below, 
 
Zero Doppler range time (t1) of the first range pixel, = 5.5332830 millisecond. 
 
Incidence angle (α1) at centre range pixel = 23.3830 
 
Processed scene centre geodetic latitude (λ) = 26.660 
 
 
The Earth radius was calculated using  

  ( )[ ] ( )[ ] 2/12222/1242 sin/cossin/cos
−

×+××+= λλλλ ababaRT  
  
a  = 6378.144 km 
b  = 6356.759 km 
λ = 26.660 
                                                                                                                                                                                          
Getting the value, TR  = 6373.866068 km. 
 
ERS altitude is given by 
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  [ ] 2/1

11
2

1
2 cos2 α×××++=+ RRRRHR TTT  

 
2/11 tcR ×=  = 1659.9849 km. 

 
 i.e.         HRT +  = 7161.42 km. 
 
Near range look angle is  
  ( ) ( )HRRR TT +×+= /coscos 111 αθ  
 
 i.e.  1θ  = 17.320 
 
The earth angle 1ψ  was found to be, 111 θαψ −=  = 2.2240 
 
The earth angle iψ  for pixel i  was estimated using   

  Ti Rri /)1(1 ∆×−+=ψψ  

 
Using the above estimated values the slant range iR , incidence angle iα and look angle iθ  at pixel 

coordinate i  were found out through 

  ( ) ( )[ ] 2/122 cos2 iTTTTi HRRHRRR ψ×+××−++=  

 

  ( )[ ] ( )TiTiTi RRRRHR ××−−+= 2/cos 222α  

 
 
  ( ) ( )HRRR TiTii +×+= /coscos αθ . 

 
 
Thus the backscattering coefficient image was found out after applying the replica power corrections 
on the amplitude image as shown in the figure below. Its value ranged in between -22.89 dB to 24.22 
dB. 
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Figure 20: Backscattering coefficient image generated from ERS – 1 SAR data of 14th April, 1996. 
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4.10. Methodology 

 
 
 
 

 
Figure 21: Methodology 
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5. Results and Discussions 

 

5.1. Results 

 

5.1.1. Visual Interpretation of the Images 

 
 
In order to detect the ravine areas, multispectral optical images were visually interpreted. After 
applying linear contrast enhancement and high pass filtering technique, the standard False Color 
Composite (FCC) for TM 1990, TM 1995, LISS – III 2000 and LISS – III 2005 were generated. The 
major ravines in the upper and lower parts of the Chambal River were delineated as linear objects. 
Based on tonal variation and textural contrast the major ravines were delineated from the enhanced 
FCC images. 
 
 
 

 

 
Figure 22: Ravine Areas delineated as line objects in IRS P6 LISS – III Image dated 20 Oct, 2005. 

 
 
 
 
 

Ravines delineated 
as line objects 



DYNAMIC INFORMATION EXTRACTION FOR RUGGED TOPOGRAPHY FROM MULTI SENSOR SATELLITE DATA 

44 

5.1.2. Analysis at 5 km grid interval 

 
Different parameters of the ravine objects were estimated from the multi sensor satellite data sets. 
From the optical multispectral data processing length and vegetation content over the ravines were 
found out while from the SAR interferometric processing depth, coherence and backscattering values 
were found out. Analysis over these estimated parameters was done at a regular grid interval of 5 km.  
 
Length or Extent of the individual ravines was measured from the optical multi - spectral images of 
1990, 1995, 2000 and 2005 and were studied statistically in a regular grid size of 5 x 5 km. For each 
grid, mean length of the ravines and their standard deviation were calculated for different years. It was 
observed from these that the mean length of the ravines increased from year 1990 to 1995, 2000 and 
2005. For the year 1990, ravines with maximum mean length of 1375.56 m was found in grid 3 which 
attains 2450.58 m in 2005 while for the year 1995, maximum mean length of 1672.56 m was in grid 
15. Similarly, in year 2000, ravines with maximum mean length of 2043.18 m was found in grid 13. In 
1990 year maximum variation in the length from the mean value was in grid 3 while minimum 
variation was in 1st grid. In 1995, variation in the 15th grid was highest and in grid 1 it was lowest. 
Trend in the variation for year 2000 was also different, as maximum variation was found in grid 1 
while minimum variation was in grid 4. Similarly for the year 2005, maximum variation in the length 
of the ravines was in grid 13 and minimum variation was in grid 1. Mean and standard deviation in 
length value of ravines for 1990, 1995, 2000 and 2005 years have been given in table 15 in appendix I. 
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Figure 23: 5 km size grid wise Analysis over the length values of the Ravine objects for different years. 

 
 
For Length / extent, mean values were plotted against the grid numbers of 5x5 km size for the year 
1990, 1995, 2000 and 2005. It was observed from the figure 23 that length values in each grid 
increased from the year 1990 to 1995, 2000 and 2005. For the year 1990, peak value was found in 3rd, 
grid while for the 1995 year, peak values were in 3rd, 9th and 15th grids. For the year 2000 and 2005, 
higher mean values were in 3rd, 6th, 9th and 13th grids. 
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Vegetation content over the ravines was also taken as one of the important parameter for the dynamic 
study of changes taken place in their morphology. For extracting the vegetation abundance, NDVI 
(Normalized Differential Vegetation Index) layers were generated for the images of different year. 
They were overlaid over the ravine line objects and NDVI values at a length interval of 150 m were 
estimated. Average value of NDVI was taken for each ravine and statistical study was done at a 
regular grid interval of 5 km. For each grid, mean and standard deviation in NDVI values were found 
out for different years. NDVI values were in the range of -1 to +1 where -1 value represents no 
vegetation and +1 value represents high vegetation over the ravines. For the year 1990, highest mean 
NDVI value of 0.45 was in grid 4. For the same grid, highest mean value of 0.44 was in year 1995. 
Maximum mean value of 0.07 was observed in grid 3, 5, 6 in 2000 year while for 2005 year, 
maximum NDVI value of 0.10 was in grid 3. Considering the variation in NDVI values of individual 
ravine from the mean value of its corresponding grid, maximum variation for the year 1990 was found 
in grid 8 and minimum variation was in grid 4, 12, 13, 20. For the year 1995, maximum deviation in 
the NDVI values over the ravines was in grid 1 while minimum was in grid 3. For both 2000 and 2005 
years, maximum deviation in the NDVI value was in grid 16 and minimum was in 3rd, 4th grids. Mean 
and standard deviation in NDVI value of ravines for 1990, 1995, 2000 and 2005 years have been given 
in table 18 in appendix I.  
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Figure 24: 5 km size grid wise Analysis over the NDVI values of the Ravine objects for different years. 

 
 
NDVI values were plotted against the 21 grids of 5x5 km size for the year 1990, 1995, 2000 & 2005. 
It’s quite clear from the figure 24 above that vegetation content over the ravines decreased drastically 
from year 1990 to 2000, and then increased little from period 2000 to 2005. For the year 1990, higher 
mean NDVI values were found in grid 2, 4 while the lower values were in grid 10, 15. In the year 
1995, peak NDVI value was in 4th grid and lowest value in 15th grid. Similarly, in the year 2000, 
values decreased at very large rate with some values went to negative in grids 15 and 19. However, in 
year 2005, values were found to increase as compared to 2000 year. For this year peak value was 
found in grid 3 while lower values were in 1st and 4th grid even lower with their corresponding values 
in 2000 year. In the year 1990 and 1995 no vegetation change over the ravines was observed in 3rd and 
4th grid as the NDVI values in these areas were nearly same. 
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SAR Interferometric Processing was applied over the ERS – 1/2 SAR data pairs for the year 1992 
&1996. DEM for 1996 year was derived from the interferogram generated from the two ERS SAR 
pairs. From this DEM information relative height was calculated using their minimum and maximum 
values by applying 3x3 size kernel. This relative height corresponded to the actual depth of the ravine 
areas. DEM for the ERS 1992 pairs could not be generated due to the bad quality of the interferogram 
produced which was the limitation of this particular data set. Average depth value for each ravine 
object was estimated at a length interval of 150 m for the 1996 year. Statistical analysis over them was 
done in a regular grid size of 5x5 km. For each grid, mean and standard deviation in Depth values 
were found out. For this particular year, maximum mean depth value of 9.74 m was found in grid 4 
and minimum depth value was in grid 12.  Maximum variation of 3.62 m in the depth of individual 
ravines from their mean value was observed in grid 2 while minimum variation of 1.26 m was in grid 
18. Mean and standard deviation in depth value of ravines for the 1996 year have been given in table 
21 in appendix I.  
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Figure 25: 5 km size grid wise Analysis over the depth values of the Ravine objects for 1996 year. 

 
 
 
Mean depth values were plotted against the grids at regular interval of 5 km each for the year 1996.  
Depth of ravine objects in each grid was found in very small range i.e. from 7 to 9 m. It was observed 
from the figure 25 that peak values were in 2nd, 4th, 9th and 18th grids while lower mean depth values 
were in 12th, 16th and 19th grids. 
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Coherence is a measure of the correlation in the phases of the two images. It’s an estimate of the 
terrain stability in the time between two SAR acquisitions. Coherence images were obtained from the 
interferogram generated from 1992 and 1996 ERS data pairs. Their values lied in between 0 & 1 where 
0 value represents low correlation in between the two phase values and 1 value represents high 
correlation. Average coherence values of the ravine line objects were estimated at a length interval of 
150 m. Statistical analysis over these values was done at a regular grid interval of 5 km. For each grid, 
mean and standard deviation in the coherence values were found out for 1992 and 1996 year. 
Coherence values were found to be more for 1996 year in comparison with the values obtained for 
1992. For 1992 year maximum mean coherence value of 0.44 was found in grid 12, 14, 21 while 
minimum value of 0.39 was in grid 3, 4. For the 1996 year maximum value of 0.67 was in grid 13, 14 
while minimum value of 0.50 was in grid 1. Maximum variation in coherence values for 1992 year 
was in grid 10 while minimum variation was in grid 12. Similarly for the year 1996, maximum 
variation was in 19th grid and minimum variation was in 13th grid. Mean and standard deviation in 
coherence values for the 1992 and 1996 years have been given in table 24 in appendix I. 
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Figure 26: 5 km size grid wise Analysis over the Coherence values of the Ravine objects for 1992 and 1996 

years. 

 
 
 
Mean depth values were plotted against the grids at regular interval of 5 km each for the year 1996. As 
seen in the figure 26 coherence values were found to be more for 1996 year as compared to 1992 year. 
For the year 1992, lower coherence values were found in grid 13, 20 while for the 1996 year, 
minimum mean coherence values were in 1st, 2nd, 5th, 6th grids. 
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Backscattering coefficient values of the distributed targets were calculated from the amplitude images 
of 1992 and 1996 years. Backscattering values for the 1996 year were found to be in the range of 
22.89 dB to 24.22 dB for the whole study area. Average backscattering values of the ravine objects 
were estimated at the interval of 150 m. Statistical analysis over them was done in a regular grid size 
of 5x5 km. Mean and standard deviation in backscattering values were found out for each grid for the 
1992 and 1996 years. Backscattering values were found to be more for the 1996 year as compared to 
1992 year. For the year 1992 maximum mean backscatter value of 2.41 dB was found in grid 19 and 
minimum value of -0.10 was in grid 4. For the year 1996, maximum mean backscatter value for the 
ravines was 3.87 dB in grid 20 and minimum mean value was 1.68 dB in grid 3. Maximum variation in 
the coherence values for 1992 year was found in grid 4 while minimum variation was in grid 21. 
Similarly for the year 1996, maximum variation was in 14th grid and minimum variation was in 12th 
grid. Mean and standard deviation in coherence values for the 1992 and 1996 years have been given in 
table 27 in appendix I. 
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Figure 27: 5 km size grid wise Analysis over the backscattering values of the Ravine objects for 1995 year. 

Mean backscattering values were plotted against the grids at regular interval of 5 km each for the year 
1992 and 1996. As observed from figure 27 backscattering values for the 1996 year were found to be 
more than as compared to 1992 year. For year 1992, peak values were found in 12th, 15th and 20th grids 
while lower mean backscattering values were in 1st, 4th, 8th, 14th, 20th and 21st grids. Similarly, for the 
year 1996, peak values were only in 12th and 20th grids while lower values were in 3rd, 13th and 16th 
grids. 
 

5.1.3.  Analysis at 10 km and 1 km grid interval 

In the previous section, analysis over the estimated parameters was done at a regular grid interval of 5 
km size. Effect of the grid size (i.e. sensitivity analysis) on the study of ravines was taken into 
consideration by separately analyzing the parameters against the grid of 10x10 and 1x1 km size. In all 
the grids, overall trend was found to be similar but corresponding to individual grids difference came 
in their mean values due to change in the dimension of the grids which led to the inclusion of more or 
less number of ravine line objects in those grids. 
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Figure 28: 10 km size grid wise Analysis over the length values of the Ravine objects for different years. 
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Figure 29: 1 km size grid wise Analysis over the length values of the Ravine objects for different years. 

 
 
 
Sensitive analysis of the effect of change in size of the grids on the study of length parameter of the 
ravines was done by plotting them separately against the grids of 10x10 km and 1x1 km size. The 
ravines detected in 68 grids of 1x1 km size corresponded to the 4th and 7th grids of 10x10 km size. 
From the plots of the length values against the different size of grids, it was concluded that overall 
behaviour of the ravines was similar in all the cases thus found to be increased during successive 
years. As stated above the grids of 1 km size corresponded to the grid number 4 and 7 of 10 km size, 
thus the trend of graph in figure 29 was same as the trend for 4th and 7th grids in figure 28 which 
implies that the size of the grids did not have any too much impact on the analysis of the length 
parameter of the ravines. 
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Figure 30: 10 km size grid wise Analysis over the NDVI values of the Ravine objects for different years. 
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Figure 31: 1 km size grid wise analysis over the NDVI values of the Ravine objects for different years. 

 
 
 
Effect of change in size of the grids on the study of NDVI parameter of the ravines was analyzed by 
plotting them separately against the grids of 10x10 km and 1x1 km size. Again, 68 grids of 1 km 
interval were selected in correspondence to the 4th and 7th grids of 10 km interval. The NDVI values 
were found to behave in the same way in all the grid sizes, thus decreased from 1990 to 2000 year and 
then increased in between 2000 and 2005 year. In figure 30, the NDVI trend from grid 4 to7 was found 
to decrease little bit for 1990 and 1995 year while for 2000 and 2005 they were approximately at the 
same level, similar trend was found for each grid in figure 31, hence it can be concluded that the 
analysis done for the NDVI values was independent of size of the grids. 
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Figure 32: 10 km size grid wise Analysis over the depth values of the Ravine objects for 1996 year. 
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Figure 33: 1 km size grid wise Analysis over the depth values of the Ravine objects for 1996 year. 

 
 
Depth values of the ravines were plotted separately against the grids of 10 km and 1 km interval to 
perform the sensitivity analysis of effect of change in size of the grids on their study. For the 10x10 
km there were 9 grids while for the 1x1 km size 68 grids corresponding to the 4th and 7th grid of 10x10 
sizes were selected. The overall trend of the plot was similar in both the cases thus found to decrease 
but corresponding to individual grids, difference came in their mean depth values due to change in the 
dimension of the grids. 
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Figure 34: 10 km size grid wise Analysis over the Coherence values of the Ravine objects for 1992 and 

1996 year. 
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Figure 35: 1 km size grid wise Analysis over the Coherence values of the Ravine objects for 1992 and 1996 

year. 

 
 

 
Coherence values were plotted against the 1x1 and 10x10 km grids in order to perform the sensitivity 
analysis over them. In both the cases values for the 1996 year were found to be higher than other year.  
The trend of plot in figure 35 was similar to the trend of grids 4 and 7 in figure 34. Although the 
coherence values in individual grids in both the figures were different but overall trend was same.  
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Figure 36: 10 km size grid wise Analysis over the backscattering values of the Ravine objects for 1992 and 

1996 year. 
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Figure 37: 10 km size grid wise Analysis over the backscattering values of the Ravine objects for 1992 and 

1996 year. 

 
 
Backscattering coefficient values were made to plot against 1x1 km and 10x10 km grid size. For the 5 
km grid interval it was analyzed that backscattering values for 1996 year seamed to be higher than the 
1992 values. Similar things were analyzed for the 1 km and 10 km grid intervals. Each grid of 1 km 
size corresponds to 4th and 7th grids of 10 km size, thus more or less same trend was found in both the 
cases.  
 



DYNAMIC INFORMATION EXTRACTION FOR RUGGED TOPOGRAPHY FROM MULTI SENSOR SATELLITE DATA 

54 

5.1.4. Yearly wise analysis over the estimated parameters 
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Figure 38: Yearly wise Analysis over the length values of the Ravine objects. 

Yearly wise analysis was done to analyze how the length / extent of the ravines are changing with 
respect to different years. Mean length values for each year were plotted. It was observed from the 
figure 38 that the length of the ravines increased during successive years. In year 1990, mean length of 
the ravine was 1027.06 m, 1266.88 m in 1995, 1591.28 m in 2000 and then increased to 1946.89m in 
2005 year.  
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Figure 39: Yearly wise Analysis over the NDVI values of the Ravine objects. 

 
Vegetation content over the ravines was also analyzed with the different years. Mean NDVI values 
were plotted against the different years. NDVI values of the ravines decreased drastically from year 
1990 to 2000 year & then from 2000 to 2005 increased up to some extent. During 1990 year, mean 
NDVI value for the ravines was 0.32, decreased to 0.26 & then again decreased to 0.03 value in 2000 
year. But in 2005 year it increased to 0.07 value. Thus, vegetation abundance decreased initially at a 
very high rate for the first two analysis periods but increased during last period. 
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Figure 40: Yearly wise Analysis over the backscattering values of the Ravine objects. 

 
Analysis on the parameters extracted from the radar data sets was done for 1992 and 1996 years. Mean 
value of the backscatter coefficient for each year was plotted against its corresponding year. It was 
observed in figure 40 that the backscatter values increased from year 1992 to 1996 year. In year 1992, 
its mean value was 1.23 dB but in 1996 it increased to 2.63 dB value.  
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Figure 41: Yearly wise Analysis over the Coherence values of the Ravine objects. 

 
 
Mean coherence values were plotted against 1992 and 1996 years to analyze the yearly wise changes 
taken place in them. For the 1992 year mean coherence value over the ravines was found to be 0.42 
while for 1996 year its value was 0.62.  
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5.1.5. Rate of change of estimated Parameters 
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Figure 42: Rate of change of length values of Ravine objects for different years. 

 
As length / extent of the ravines increased from 1990 to 2005 year, so it was also analyzed that with 
how much rate they increased during those years. Rate of the change in length of the ravines (i.e. 
change in length per unit year) for 1990 – 1995, 1995 – 2000 and 2000 – 2005 years were plotted 
against the Grids of 5 km interval. It was apparent from the figure 42 that rate of change in length was 
high during 2000 – 2005 years and low during 1990 – 1995 years. For most of the grids the rate of 
change was not uniform e.g. for grid 3 the rate was 32.28 m/year in 1990 - 1995 series, 72.80 m/year 
in 1995 - 2000 period and 109.83 m/year in 2000 - 2005 period. For grid numbers 5 and 17, rate of 
change appeared to be approximately same e.g. for grid 5 the rate values came to be 49.46 m/year in 
1990 – 1995 period, 54.70 m/year in 1995 – 2000 period and 45.36 m/year in 2000 – 2005 period. 
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Figure 43: Rate of change in the NDVI values of Ravine objects for different years. 
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Vegetation content over the ravines appears to be decreased during 1990 – 2000 year and then 
increased during 2000 – 2005 year. Rate of the change of NDVI values (i.e. per unit year) over the 
ravines for 1990 – 1995, 1995 – 2000 and 2000 – 2005 years were plotted against the grid numbers of 
5 km size. During 1995 – 2000 year the negative rate of change of NDVI values was very high but rate 
of change was low during 1990 – 1995 and 2000 – 2005 years (former with negative rate and latter 
with positive rate). The rate of change was only uniform in the 1st and 5th grids during 1990 – 1995 and 
2000 – 2005 years and rest of the changes were non – uniform. 
 
 
 

5.1.6. Correlation Matrix for the estimated Parameters 

 
 

 Length NDVI Depth Coherence backscattering

Length 1     

NDVI -0.01 1    

Depth 0.18 0.31 1   

Coherence -0.01 -0.70 -0.27 1  

Backscattering  -0.09 -0.21 -0.02 0.15 1 

Table 14: Correlation Matrix for the estimated parameters of 1995 year. 

 
 
 
 
As correlation is a single number that describes the degree of relationship in between the two 
variables. Their values always come out in between -1.0 and +1.0. If the correlation is negative, it 
means the two variables have negative relationship; if it’s positive the relationship is positive. Five 
parameters of ravine i.e. length, NDVI, depth, coherence and backscattering coefficient were extracted 
for the 1995 year from optical multi spectral and SAR data processing. An attempt was made to find 
out that how these parameters are affecting each other by preparing a correlation matrix. No 
relationship was found in between NDVI & length and coherence & length as the correlation value in 
between them came out to near zero i.e. -0.01. Positive and low relationship was found in between 
depth & length and Backscattering & coherence with correlation values of 0.18 and 0.15 while strong 
and inverse relation was in between coherence & NDVI values with correlation value -0.70. 
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5.2. Discussion 

 

5.2.1. Length of the Ravines 

 
During the analysis over this parameter, it was observed that length/extent of the ravines increased 
from year 1990 to 1995, 2000 and 2005 year. This increment in their length values indicate that land 
degradation processes in this region have significantly increased during these successive years. During 
1990 – 1995 period length of the ravines increased at very small rate but during 2000 – 2005 period, 
they have increased at very high rate. Moreover, length behaviour of the ravines was different in each 
grid area. In 1990 year, longest ravines were found in grid area 3 which attain maximum value also in 
2005 year. Thus, more consideration is required in this region for preventing further conversion of 
useful lands to badland topography. Considering the spatial extent of the ravines, variation in the 
length values from their mean value was very high in 3rd, 6th and 15th grids while low variation was in 
grid 1. Hence less heterogeneity was found in length of the ravines in this area. Usually, land 
degradation processes depend upon the Geology, physiography and climatic condition in that region. 
Thus, further studies can be carried out by interpreting the effect of these factors on the changes 
occurring in the length/extent parameter of the ravines.  
 
As, analysis over the length parameter was done at a regular grid interval of 5 km size, thus, it also 
seemed important to analyze the effect of the grid size (i.e. sensitivity analysis) on them. It was 
concluded from it that choosing the area size for the study of changes taken place in the length 
parameter does not affect its analyses. 
  
 

5.2.2. Vegetation content over the ravines 

 
 
Vegetation abundance over the ravines was analyzed with respect to different years by making the use 
of infrared and red band information from the optical images. They were found to decrease from year 
1990 to 1995 and 2000 year but increased from 2000 to 2005 year. During 1990 – 1995 period, the 
negative rate of change in vegetation was low but during 1995 – 2000 period, the negative rate was 
very high. Although, rate of change during 2000 – 2005 period was positive but still it was very low. 
High vegetation abundance was found in 1st, 2nd and 4th grid areas while the low value was in 15th and 
16th grids indicating barren ravine lands in these regions. As vegetation content helps in preventing the 
land degradation processes but decrease in its value from 1990 to 2000 led to the further growth of 
ravines during this period. This change in the vegetation content was due to the various socio – 
economic factors and adverse climatic conditions in that region during those years. Variation in the 
vegetation content over the ravines was found high in the 1st, 8th and 16th grids i.e. high heterogeneity 
in vegetation content in these regions. Low variation in vegetation was in 3rd and 12th grids. The 
analysis done for the NDVI values was found to be independent of size of the grids. Further studies 
can be done to find out the factors which are responsible for these abrupt changes taking place in the 
vegetation content. 
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5.2.3. Depth of the ravines 

 
 
Depth values of the major ravines were estimated for the 1996 year. Their range was found from 5.5 m 
to 9.5 m. High depth values were found in 2nd, 4th, 9th and 18th grids. Thus land degradation processes 
in these regions have led to the generation of deep ravines. Lower depth values were in 11th, 12th, 13th, 
19th and 21st grids. Variation in the depth values from their mean values was very high in the 2nd and 
3rd grid areas but low in the 18th grid. Thus based on this more consideration should be given to those 
grid areas which have become more prone to the land degradation processes. Depth values were also 
analysed against the grids of 10 km and 1 km size interval, but independency was found upon size of 
the grids. 
 
 

5.2.4.  Coherence information 

 
InSAR coherence represents changes in the terrain (at sub-pixel level) during data acquisition interval. 
Terrain stability information over the ravine objects was extracted from the coherence values of 1992 
and 1996 year. Coherence values were found to be more for 1996 year than values for 1992 year. The 
reason for this was that the SAR data pairs used for the 1996 year were tandom pairs (i.e. with one day 
difference) while the pairs used for the 1992 year were taken with 35 days difference. This led to the 
higher coherence values in 1996 year. High coherence values were found in 12th, 13th, 14th, 15th, 16th 
and 20th grids. Low values were found in 1st, 2nd and 3rd grids due to least correlation in the phase value 
of the images. These low values indicate towards change in the properties of the surfaces and landuse / 
landcover being imaged during that period. Future studies can be carried out to explore the 
components which are responsible for this change in the terrain conditions that can led to the 
implementation of reclamation programs in better way.  
 
 

5.2.5. Backscattering information 

 
 
Backscattering values were estimated from the SAR amplitude images of 1992 and 1996 year. Their 
values were found to be more for 1996 year than values for 1992 year. High backscattering values 
were in 13th, 19th, 20th and 21st grid areas while the low values were in 3rd and 4th grids. Microwave 
backscattering values are mainly influenced by two parameters: surface roughness and moisture 
content. Thus, change in backscattering values indicates change in these parameters. Beside this, 
backscattering values depend on various other factors like local incident angle, slope, geological 
structure and complex dielectric constant. Thus for more interpretation, detailed studies can be carried 
out to estimate the influence of these factors. 
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6. Conclusions and Recommendations 

6.1. Conclusion 

 
The main aim of this research study was to extract the information about the rugged topography, in 
particular ravines from multi year processing of optical multispectral and InSAR data. An attempt was 
made to develop a technique for deriving timely and reliable information on the nature, extent and 
magnitude of Ravine lands from multi sensor satellite data. The utility of multi sensor satellite was in 
the delineation of ravine objects from optical multi spectral data and then estimation of morphological 
parameters from SAR data for successive years. Thus, generation of this precise information could 
only be possible from the combined use of the data from two different sensor sources. Simultaneously 
Red and Infra red bands of the optical multispectral images were used in extracting the information 
regarding the changes occurring in the vegetation content over the ravine areas. 
 
After applying advanced image enhancement and filtering techniques over the multi spectral optical 
images of different years, major ravines were delineated as line objects. Ravine areas were delineated 
from the non – ravine areas based on tonal variation and textural contrast. SAR interferometric 
processing was applied on the ERS data pairs available for 1992 and 1996 years. Thus, the information 
from these two multi sensor data sets lead to the extraction of the different parameters i.e. length, 
vegetation content, depth, terrain stability and surface roughness. These parameters were extracted to 
analyze the changes taken place in the morphology of the ravines during successive years. Analysis 
was done over them in a regular grid pattern with 5x5 km size each to avoid biased sampling error. 
Length of the ravine objects was found to increase with a uniform rate during those years. This 
significant change in their length characteristic was due to increase in the physical and chemical 
degradative processes e.g. erosion, salinization occurring in that region. Also increased utililization of 
marginal lands in the periphery of these ravine areas for cultivation activities during the recent decade 
has led to further growth of ravine.Vegetation content over the ravine areas has always been 
considered as one of the useful measure for preventing the land degradative (i.e. erosion) processes. 
Thus they were analyzed over the ravine areas to find the variations taken place in them during 
successive years. But a lot of fluctuating values were found for it. Vegetation abundance decreased 
initially at a very high rate for the first two analysis periods but during last period it increased up to 
some level. This change in the vegetation content was due to the various socio – economic factors and 
adverse climatic conditions in that region during those years. For reclamation and subsequent 
utilization of the ravine affected areas, future studies can be done to find out these influencing factors  
 
Depth values for the ravines were estimated through the interferometric processing of SAR data pairs. 
Main consideration was given on the study of the major ravines. Thus, depth values found from the 
InSAR processing were consistent with the expected depth values of these major ravines. Terrain 
stability over the ravine areas was investigated from SAR data sets. Coherence values for the tandom 
SAR pairs were found to be higher as expected; while for the data pair (i.e. with 35 days gap) of 
another year, values were found to be low. These coherence values from both the data pairs indicate 
significant changes that have taken place in the terrain conditions of that area which led to the low 
correlation in the two phase values. Thus the information generated through it can be implemented in 
more useful manner to find the components which are responsible for this change in the terrain 
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condition over the ravines. Temporal variations in the scattering behaviour of the surface during 
different years were analysed from backscattering coefficient values estimated from SAR amplitude 
images. Microwave backscattering values are mainly influenced by two parameters: surface roughness 
and moisture content. Increase in backscattering values concludes towards the increase in degradation 
processes in that region.   
 
Effect of the change in size of the grids (i.e. sensitive analysis) was also considered by analyzing the 
estimated parameter of the ravines against the grids of size 10x10 km and 1x1 km. Their analysis was 
found to be independent of the size of the grids as overall behaviour of the ravines was found to be 
same in all the grids of different sizes. Hence it can be concluded that choosing the area size does not 
affect their analyses. 
 
Thus this whole research study was carried out to extract the spatio – temporal information for the 
ravines using multi – sensor satellite data. Utility of the multi sensor and multi temporal satellite 
datasets was in the delineation from optical sensors and parameter estimation from Radar sensors for 
the different years. Hence the combined use of the multi sensor satellite data led to the more precise 
and useful information about the ravines. The information generated on their characteristics, spatial 
distribution and temporal behaviour can be utilized for successful implementation of any reclamation 
program and subsequent optimal utilization of ravines for various purposes.  
 
The following research questions have been framed as the probable solution to the problem. 
 

6.1.1. Research Questions 

 
a. How the optical multispectral data can be useful in studying the morphological parameters of 
the ravines over successive years? 
 
Main consideration was given over the major ravines, so the problem was to extract the ravine areas 
from the non – ravine areas. Initially various classification techniques including segmentation and 
fuzzy approach were attempted for extracting the ravine areas but satisfactorily results were not 
obtained. Then the idea of considering the ravine objects as linear objects was applied. This was also 
more compatible with the medium resolution of the optical data sets than considering them as a whole 
object. Advanced digital enhancement and filtering techniques were applied over the optical images 
for the better visual interpretation of the ravine objects. By considering the whole ravine objects as the 
line objects they were delineated from the non – ravine areas based on tonal variation and textural 
contrast. Length parameter for each ravine line object was directly estimated. Vegetation abundance 
over the ravines was found out by overlaying the NDVI images over the ravine line objects. 
Parameters from the SAR images were also estimated through these delineated line objects. In this 
way, ravine areas extracted as the line objects were more useful in studying their morphological 
parameters than considering them as a whole object. 
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b. Whether SAR interferometric data is feasible to extract the depth information about the 
ravine areas? 
 
 SAR interferometric processing was applied on the ERS data pairs to extract the depth information 
about the ravines. For it, an interferogram was generated from the difference of the phases of two SLC 
images from each other. This was done by multiplying one input image with complex conjugate of 
another image. Slant range height information corresponding to each pixel was derived from the 
unwrapped phase, baseline and satellite ephemeris information. Slant range height was again 
converted into ground range height information through the incidence angle of the radar beam which 
was 230 in the case of ERS.  From this terrain height information relative height was calculated using 
their minimum and maximum values by applying 3 x 3 size kernels. This relative height corresponded 
to the actual depth of the ravine areas. The vertical height accuracy achieved during this process was 
round about 4.5 m. Also the use of C – band wavelength leads to the generation of more precise terrain 
information. As only the major ravines were considered for this study thus the depth information (i.e. 
relative height) was found to be in the range of 7 to 9 m. Thus it was concluded that SAR 
interferometric processing was feasible to get the depth information about the major ravines. 
 
 
c. Which other parameters can be extracted from the SAR data processing? 
 
From the SAR interferometric processing depth information about the ravines was extracted out. 
Attempt was also made to find some other change parameters from the SAR data so that more useful 
information about the spatial and temporal extent of the ravines could be determined. Terrain stability 
and surface roughness were found to be useful parameters in that context. Terrain stability information 
was achieved from the coherence image which was generated during the InSAR processing. It leads to 
the information regarding the terrain stability in between the two SAR acquisitions for the multiple 
years. From the amplitude images backscattering coefficient values were found out after applying the 
corrections for replica power variations and for the saturation of Analogue to Digital converter (ADC). 
These backscattering values gave useful information about the change taking place in the roughness 
parameter over the ravine surfaces for different years. 
 
 
 
d. How the scale of analysis influence the results (sensitivity analysis)? 
 
An analysis over the estimated parameters of the ravines for the different years was done by generating 
the grid map of 5x5 km size over them. Their behavior was studied with respect to each grid. Effect of 
the grid size (i.e. sensitive analysis) on their study was also taken into consideration by analyzing the 
parameters separately against the grids of 10x10 km and 1x1 km size. It was found that overall 
behavior of the ravines was similar but corresponding to individual grids difference came in their 
mean values due to the change in the dimension of the grids which led to the inclusion of more or less 
number of ravine line objects in those grids.  
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6.2. Recommendations 

 
 
This study was carried out to extract the spatial and temporal information about the ravine objects. 
Main consideration was given on the study of the major ravines. Optical multispectral images were 
digitally enhanced and then through visual interpretation they were delineated as linear objects. For the 
future studies, automated image segmentation with some user interaction may be appropriate for 
delineating the ravines as linear objects. 
 
Length/Extent of the ravine objects was estimated by delineating the ravine line objects from medium 
resolution multispectral images. However, high resolution optical data will be more useful for better 
results. Vegetated – covered ravines are sometimes masked with surrounding Landcover units i.e. 
vegetation, grass, crop. In that case, longer wavelength SAR data i.e. L – band may be helpful to 
delineate the ravines more precisely. 
 
Vegetation abundance over the ravines was estimated from the pixel integrated NDVI values with 
ground resolution of 25 m from the optical images. High resolution MS data may be useful to obtain 
precise NDVI values in the present area which has heterogeneous vegetation density. 
 
Depth values for the ravines were estimated through the interferometric processing of SAR data pairs. 
For vegetated covered areas, multi wavelength InSAR data e.g. X – band and L – band may be used. 
The vertical height accuracy achieved during this DEM generation process was round about 4.5 m. For 
obtaining more precise DEM, LiDAR approach can be more appropriate.  
 
Backscattering values 0σ  were extracted from the SAR data. Wide variation in the values of 0σ   was 
found for the different years. For the future studies, attempt can be made to model the backscattering 
values 0σ  in relation with local incidence angle, slope, geometry, surface roughness and dielectric 
properties.  
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APPENDIX  
 

Length 1990  Length 1995 Length 2000  Length 2005  Grid 
No’s Mean SD Mean SD Mean SD Mean SD 

1 682.50 80 790.42 77.30 896.44 964.87 1164.73 166.96 
2 834.56 260 1088.37 541.51 1447.53 862.09 1729.05 855.76 
3 1375.56 591 1537.41 666.11 1901.43 619.41 2450.58 683.35 
4 906.74 222 983.45 119.27 1311.69 215.66 1642.41 207.4 
5 983.98 263 1231.29 332.41 1504.77 420.88 1731.55 389.3 
6 1134.23 511 1438.56 557.54 1847.77 667.09 2364.16 664.45 
7 1026.72 408 1326.99 578.71 1589.99 451.55 2145.79 573.67 
8 1081.00 494 1301.10 518.51 1579.30 471.33 1905.85 474.88 
9 1202.57 451 1559.27 789.86 1813.39 777.35 2191.17 843.84 
10 630.79 289 807.91 363.80 1135.30 482.43 1501.29 514.16 
11 1020.33 404 1308.12 494.66 1620.90 509.23 2031.56 705.93 
12 1082.65 479 1106.86 395.89 1466.34 443.61 1869.72 558.63 
13 1129.83 501 1475.65 765.17 2043.18 855.65 2429.16 1003.84 
14 909.40 299 1174.21 552.88 1720.40 823.84 2031.92 862.99 
15 1120.61 521 1672.56 893.57 1881.75 832.90 2227.99 882.97 
16 1056.09 275 1402.13 362.75 1690.68 425.86 2018.46 463.57 
17 1236.08 484 1508.39 350.72 1738.70 408.06 2056.48 369.17 
18 1245.60 394 1482.12 421.91 1830.74 455.80 2311.28 515.5 
19 891.25 480 1100.50 499.78 1560.02 583.68 1927.55 746.91 
20 1120.27 395 1231.01 370.46 1509.72 370.09 1725.21 426.46 
21 896.96 500 1078.22 432.19 1326.80 417.68 1428.71 423.139 

Table 15: Length Parameter (in meters) of the Ravine objects for different years on the basis of 5 km grid 
size 

 
 

Length 1990 Length 1995 Length 2000 Length 2005 Grid 
No’s Mean SD Mean SD Mean SD Mean SD 

1 702.92 87.30 790.42 77.30 964.87 125.76 1145.83 160.41 
2 1030.63 510.80 1226.53 606.88 1527.45 778.00 1929.06 853.54 
3 1061.22 439.72 1301.10 518.51 1579.30 471.33 1905.99 474.89 
4 923.63 408.01 1164.95 584.28 1431.14 607.22 1774.16 646.98 
5 1078.49 452.41 1330.34 519.90 1671.75 570.26 2136.88 654.52 
6 1086.18 417.94 1356.36 521.33 1818.28 651.15 2079.59 660.60 
7 1104.35 366.36 1485.52 666.38 1771.78 663.64 2148.11 729.84 
8 1165.23 466.63 161.29 374.73 1721.97 432.93 2056.48 369.18 
9 884.71 413.73 1057.04 377.34 1330.97 391.68 1488.80 448.58 

Table 16: Length Parameter (in meters) of the Ravine objects for different years on the basis of 10 km 
grid size. 
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Grid 
No’s 

Length 
1990 

Length 
1995 

Length 
2000 

Length 
2005 

Grid 
No’s 

Length 
1990 

Length 
1995 

Length 
2000 

Length 
2005 

1 704.76 810.93 1051.08 1488.07 58 1036.61 1400.08 1670.40 2149.42
2 951.58 1268.52 1494.79 1680.44 59 1090.32 1126.43 1551.24 1934.53
3 751.97 1069.01 1306.65 1865.89 60 1043.78 1128.82 1369.27 1662.81
4 1527.19 1783.84 2016.88 2445.95 61 1065.01 1211.93 1422.29 1552.09
5 2335.02 2877.96 3964.94 3319.70 62 2080.70 2544.54 3134.09 3437.94
6 2352.17 2554.60 2593.23 2863.43 63 1547.50 1787.57 2119.15 2298.07
7 1745.19 2041.02 2246.92 2838.05 64 1642.99 1907.53 2239.20 2272.40
8 1029.91 1646.27 2029.29 2948.02 65 493.62 737.52 980.34 1511.04
9 920.05 1215.50 1390.86 1704.62 66 491.66 619.21 864.81 1106.46
10 1237.52 1239.44 1254.60 1695.50 67 785.44 926.02 1183.85 1413.08
11 725.61 914.09 1121.43 1440.89 68 1182.57 1461.77 1934.87 2409.34
12 951.58 1268.52 1494.79 1459.92 69 1134.34 1204.26 1267.71 1493.51
13 1304.93 1786.86 2367.64 2584.71 70 2134.08 2431.09 3103.49 3649.50
14 1237.91 1700.17 2190.42 2405.68 71 803.77 1046.64 1201.93 1710.57
15 733.44 2000.95 2679.50 2819.95 72 1385.91 2015.14 2240.62 3243.50
16 1301.08 1483.44 2110.38 2665.88 73 779.37 949.52 2232.51 2619.03
17 1494.73 1697.94 2015.01 2278.50 74 1715.79 2107.76 2271.32 2534.88
18 1200.23 1398.75 2185.45 2767.05 75 1715.79 2107.76 2271.32 2534.88
19 903.77 977.82 1185.70 1550.56 76 438.04 641.51 861.04 1151.53
20 1125.45 1096.69 1223.54 1426.74 77 339.18 631.10 897.86 1230.43
21 1075.11 1117.07 1355.00 1663.11 78 1510.89 1791.42 1868.32 2291.25
22 940.74 1162.39 1394.61 1588.88 79 2134.08 2431.09 3103.49 2744.00
23 1099.19 1180.40 1362.53 1496.09 80 1090.06 1332.50 1446.80 1858.61
24 1104.42 1427.93 1568.89 1858.59 81 686.78 1046.64 2499.24 2815.11
25 1091.79 1509.29 1966.80 2180.97 82 1673.80 3744.33 3418.46 3498.43
26 826.80 1352.92 1748.91 1928.05 83 1157.22 1673.71 1802.90 2343.64
27 733.44 1123.93 1958.53 2292.66 84 877.52 1024.51 1308.74 1914.71
28 772.96 1134.75 1436.79 1696.89 85 1210.79 1443.43 1663.14 2082.50
29 637.29 1140.47 1275.42 1729.53 86 1715.79 2107.76 2271.32 2232.01
30 1238.46 1581.12 1783.11 2236.34 87 724.28 926.50 1294.92 1642.95
31 1238.46 1405.95 1444.60 1787.13 88 1058.60 1288.31 1680.06 2016.50
32 682.08 858.95 1147.85 1674.38 89 1185.88 1522.88 1759.02 2222.82
33 912.69 994.70 1246.42 1554.50 90 1075.08 1390.04 1881.81 2252.57
34 912.69 994.70 1246.42 1554.50 91 925.93 1299.15 1503.06 1981.92
35 1048.77 1221.00 1388.15 1577.89 92 925.33 1771.37 1897.89 2641.68
36 1113.25 1272.56 1407.09 1588.15 93 1015.18 2451.67 2572.97 3498.43
37 1077.77 1346.84 1402.26 1610.28 94 1749.97 1994.00 2159.38 3354.86
38 1192.50 1367.79 1829.06 2467.72 95 950.28 1285.82 1516.50 1991.86
39 1203.49 1383.42 2058.33 2692.73 96 1449.78 1782.02 2127.87 2462.82
40 1236.74 1581.12 1793.78 2440.78 97 873.83 1166.61 1727.67 1926.92
41 766.04 899.29 1573.15 2188.86 98 1087.53 1333.76 1765.72 2011.27
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42 1342.05 1389.79 1501.31 1707.73 99 1258.82 1333.76 1765.72 2011.27
43 1148.10 1359.17 1636.83 2417.42 100 1093.64 1222.03 1509.21 1776.59
44 1308.90 1444.44 1833.31 2385.31 101 972.96 3791.52 1809.54 2092.12
45 974.63 1213.35 1859.70 2571.51 102 1449.78 1782.02 2127.87 2462.82
46 691.70 1137.66 1762.49 2448.64 103 1401.10 1555.61 1856.25 1925.82
47 735.29 1000.73 1466.10 1944.95 104 1086.04 1257.71 1489.13 1680.97
48 1043.78 1128.82 1476.83 1844.47 105 1258.82 1659.70 2249.84 1723.69
49 849.04 907.31 1132.49 1760.71 106 1093.64 1222.03 1509.21 2211.28
50 598.42 832.71 1197.59 2050.24 107 1805.80 2079.44 2512.96 2478.68
51 1230.80 1396.94 1628.95 1914.05 108 1555.64 1771.61 2181.99 2137.03
52 2080.70 2544.54 3134.09 3437.94 109 951.69 1226.39 1437.20 1915.85
53 748.97 595.74 793.33 1183.79 110 1327.30 1406.85 1693.86 1827.35
54 628.24 654.31 810.62 1492.08 111 1327.30 1406.85 1693.86 1810.69
55 434.02 1136.22 1018.77 1702.70 112 1313.12 1761.70 2067.59 2875.31
56 598.42 730.49 1632.91 2205.74 113 1313.12 1761.70 2067.59 2875.31

57 810.71 1514.13 1842.16 2306.73 114 794.05 793.09 1631.03 1808.33

Table 17: Length Parameter (in meters) of the Ravine objects for different years on the basis of 1 km grid 
size. 

NDVI 1990 NDVI 1995 NDVI 2000 NDVI 2005 Grid 
No’s Mean SD Mean SD Mean SD Mean SD 

1 0.43 0.05 0.40 0.09 0.06 0.03 0.04 0.03 
2 0.44 0.03 0.39 0.06 0.07 0.03 0.06 0.03 
3 0.35 0.03 0.36 0.02 0.04 0.01 0.10 0.01 
4 0.45 0.01 0.44 0.04 0.06 0.01 0.02 0.01 
5 0.42 0.06 0.37 0.08 0.07 0.03 0.04 0.03 
6 0.40 0.06 0.34 0.08 0.07 0.03 0.07 0.03 
7 0.31 0.04 0.29 0.06 0.05 0.02 0.09 0.02 
8 0.32 0.07 0.29 0.06 0.04 0.02 0.05 0.02 
9 0.30 0.06 0.22 0.07 0.01 0.02 0.09 0.02 
10 0.25 0.05 0.18 0.05 0.02 0.02 0.08 0.02 
11 0.27 0.04 0.19 0.04 0.04 0.03 0.09 0.03 
12 0.28 0.01 0.24 0.04 0.04 0.03 0.10 0.03 
13 0.26 0.01 0.16 0.03 0.01 0.02 0.10 0.02 
14 0.28 0.04 0.19 0.04 0.00 0.03 0.08 0.03 
15 0.22 0.03 0.15 0.04 -0.01 0.02 0.09 0.02 
16 0.24 0.04 0.16 0.03 0.03 0.04 0.08 0.04 
17 0.28 0.02 0.19 0.03 0.06 0.03 0.08 0.03 
18 0.32 0.04 0.22 0.04 0.02 0.03 0.10 0.03 
19 0.28 0.03 0.18 0.03 -0.01 0.02 0.08 0.02 
20 0.28 0.01 0.23 0.05 0.01 0.02 0.10 0.02 
21 0.31 0.02 0.24 0.04 0.02 0.03 0.09 0.03 

Table 18: NDVI Parameter of the Ravine objects for different years on the basis of 5 km grid size. 
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NDVI 1990 NDVI 1995 NDVI 2000 NDVI 2005 Grid 

No’s Mean SD Mean SD Mean SD Mean SD 
1 0.44 0.05 0.40 0.09 0.06 0.03 0.04 0.02 
2 0.41 0.05 0.38 0.05 0.07 0.03 0.07 0.03 
3 0.32 0.06 0.29 0.06 0.04 0.02 0.05 0.02 
4 0.33 0.10 0.27 0.11 0.04 0.03 0.07 0.04 
5 0.34 0.08 0.28 0.10 0.05 0.03 0.08 0.03 
6 0.29 0.04 0.20 0.04 0.01 0.03 0.09 0.03 
7 0.23 0.04 0.15 0.04 0.01 0.04 0.09 0.03 
8 0.28 0.01 0.19 0.03 0.06 0.03 0.08 0.02 
9 0.30 0.03 0.22 0.04 0.01 0.03 0.09 0.02 

Table 19: NDVI Parameter of the Ravine objects for different years on the basis of 10 km grid size. 

 
 
 
 
 
 
 

Grid 
No’s 

NDVI 
1990 

NDVI 
1995 

NDVI 
2000 

NDVI 
2005 

Grid 
No’s 

NDVI 
1990 

NDVI 
1995 

NDVI 
2000 

NDVI 
2005 

1 0.44 0.48 0.06 0.01 58 0.28 0.22 0.03 0.11 
2 0.38 0.38 0.08 -0.01 59 0.27 0.22 0.02 0.11 
3 0.50 0.52 0.11 0.02 60 0.28 0.23 0.04 0.10 
4 0.41 0.36 0.05 0.07 61 0.36 0.31 0.02 0.04 
5 0.41 0.37 0.06 0.05 62 0.32 0.29 0.00 0.06 
6 0.40 0.37 0.05 0.07 63 0.33 0.27 0.00 0.10 
7 0.35 0.35 0.05 0.08 64 0.34 0.25 0.00 0.10 
8 0.36 0.35 0.04 0.10 65 0.29 0.20 0.02 0.09 
9 0.35 0.35 0.04 0.10 66 0.26 0.18 0.04 0.08 
10 0.45 0.42 0.06 -0.01 67 0.29 0.17 0.06 0.08 
11 0.41 0.41 0.06 0.01 68 0.26 0.24 0.03 0.11 
12 0.38 0.38 0.08 0.00 69 0.30 0.15 0.05 0.07 
13 0.47 0.38 0.09 0.08 70 0.26 0.15 0.08 0.11 
14 0.48 0.39 0.08 0.07 71 0.22 0.20 0.02 0.09 
15 0.47 0.45 0.09 0.06 72 0.28 0.17 0.01 0.09 
16 0.44 0.42 0.08 0.03 73 0.32 0.23 0.02 0.10 
17 0.40 0.38 0.07 0.05 74 0.28 0.11 0.02 0.10 
18 0.42 0.40 0.06 0.06 75 0.28 0.11 0.02 0.10 
19 0.46 0.46 0.06 0.02 76 0.21 0.11 0.00 0.07 
20 0.46 0.48 0.06 0.03 77 0.19 0.13 0.01 0.07 
21 0.44 0.41 0.07 0.01 78 0.22 0.12 0.06 0.09 
22 0.40 0.36 0.06 0.03 79 0.26 0.15 0.08 0.09 
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23 0.39 0.35 0.06 0.03 80 0.29 0.11 -0.02 0.08 
24 0.32 0.26 0.06 0.06 81 0.21 0.20 0.00 0.10 
25 0.48 0.40 0.09 0.06 82 0.25 0.21 -0.01 0.10 
26 0.49 0.42 0.09 0.05 83 0.22 0.14 0.01 0.10 
27 0.47 0.53 0.09 0.01 84 0.32 0.20 0.02 0.09 
28 0.46 0.40 0.08 0.03 85 0.30 0.16 0.03 0.09 
29 0.40 0.40 0.07 0.06 86 0.28 0.11 0.02 0.10 
30 0.30 0.30 0.08 0.08 87 0.21 0.13 0.04 0.09 
31 0.30 0.26 0.08 0.05 88 0.23 0.17 0.03 0.08 
32 0.46 0.44 0.06 0.02 89 0.26 0.17 0.05 0.08 
33 0.43 0.40 0.08 0.03 90 0.27 0.18 0.04 0.09 
34 0.43 0.40 0.08 0.03 91 0.25 0.16 0.02 0.09 
35 0.41 0.36 0.06 0.03 92 0.24 0.15 -0.01 0.10 
36 0.35 0.29 0.05 0.04 93 0.26 0.18 0.00 0.10 
37 0.31 0.22 0.04 0.06 94 0.23 0.15 0.02 0.09 
38 0.39 0.30 0.07 0.10 95 0.21 0.14 0.00 0.09 
39 0.38 0.32 0.06 0.10 96 0.19 0.15 -0.05 0.10 
40 0.36 0.30 0.07 0.08 97 0.29 0.18 0.02 0.08 
41 0.30 0.24 0.06 0.09 98 0.23 0.16 -0.02 0.08 
42 0.27 0.24 0.08 0.07 99 0.21 0.16 -0.02 0.08 
43 0.36 0.26 0.07 0.10 100 0.23 0.14 0.04 0.09 
44 0.36 0.27 0.06 0.10 101 0.27 0.17 0.05 0.08 
45 0.33 0.26 0.06 0.09 102 0.19 0.15 -0.05 0.10 
46 0.32 0.25 0.06 0.09 103 0.22 0.15 0.01 0.08 
47 0.28 0.22 0.04 0.10 104 0.22 0.13 0.00 0.08 
48 0.28 0.23 0.05 0.09 105 0.21 0.16 -0.04 0.08 
49 0.27 0.24 0.08 0.08 106 0.23 0.14 0.01 0.09 
50 0.33 0.26 0.07 0.07 107 0.27 0.19 0.09 0.09 
51 0.45 0.37 0.05 0.00 108 0.23 0.14 0.01 0.09 
52 0.32 0.29 0.00 0.06 109 0.20 0.13 0.00 0.12 
53 0.31 0.24 0.01 0.09 110 0.17 0.14 0.01 0.12 
54 0.30 0.24 0.01 0.09 111 0.17 0.14 0.01 0.13 
55 0.32 0.22 0.01 0.08 112 0.20 0.16 0.00 0.20 
56 0.33 0.22 0.05 0.09 113 0.20 0.16 0.00 0.20 

57 0.30 0.21 0.04 0.09 114 0.37 0.34 0.05 0.11 

Table 20: NDVI Parameter of the Ravine objects for different years on the basis of 1 km grid size. 
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Depth 1996 Grid 
No’s Mean SD Min. Max. 

1 7.31 1.62 5.74 9.78 
2 9.51 3.62 5.74 20.52 
3 7.73 3.28 3.03 13.54 
4 9.74 1.62 7.92 11.03 
5 8.85 1.66 5.70 13.02 
6 7.69 1.39 4.92 10.49 
7 7.57 2.31 3.72 13.54 
8 7.72 1.97 5.33 10.63 
9 8.47 1.86 5.76 12.95 
10 7.02 1.51 4.52 9.92 
11 6.65 1.50 3.72 9.68 
12 5.81 1.82 3.72 8.03 
13 6.83 2.03 4.52 8.33 
14 7.30 2.09 5.07 10.63 
15 7.56 1.33 4.76 10.39 
16 6.74 1.75 4.65 9.68 
17 7.45 1.73 5.20 9.68 
18 8.12 1.26 6.41 11.57 
19 6.55 1.48 4.67 9.91 
20 7.15 1.71 4.27 8.70 
21 6.76 1.43 4.95 8.70 

Table 21: Depth Parameter of the Ravine objects for the 1996 year on the basis of 5 km grid size. 

 
 

Depth_1996 Grid 
No’s Mean SD Min. Max. 

1 7.31 1.62 5.71 9.78 
2 8.96 3.56 3.03 20.52 
3 7.72 1.97 5.33 10.63 
4 8.09 1.88 4.52 13.02 
5 7.08 1.56 3.72 10.49 
6 7.33 1.76 4.52 11.57 
7 7.15 1.65 4.65 10.39 
8 7.29 1.81 5.2 9.68 
9 6.63 1.48 4.27 8.7 

Table 22: Depth Parameter of the Ravine objects for the 1996 year on the basis of 10 km grid size. 
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Grid No’s Depth 1996 Grid No’s Depth 1996 

1 7.24 58 5.63 
2 9.48 59 5.35 
3 8.80 60 6.63 
4 8.24 61 8.24 
5 8.72 62 9.19 
6 7.11 63 9.84 
7 11.76 64 10.63 
8 9.65 65 8.15 
9 6.20 66 6.43 
10 9.31 67 6.20 
11 7.95 68 4.31 
12 9.48 69 7.64 
13 7.40 70 6.30 
14 7.40 71 8.69 
15 8.19 72 8.89 
16 7.93 73 8.15 
17 7.32 74 8.39 
18 4.92 75 8.39 
19 9.48 76 8.06 
20 11.03 77 7.78 
21 9.78 78 7.76 
22 9.68 79 6.30 
23 9.18 80 6.61 
24 9.38 81 8.69 
25 7.31 82 8.28 
26 7.99 83 7.45 
27 7.66 84 7.59 
28 9.37 85 8.36 
29 9.92 86 8.39 
30 7.78 87 6.28 
31 7.04 88 7.70 
32 7.92 89 6.97 
33 10.26 90 6.23 
34 10.26 91 6.42 
35 8.67 92 9.07 
36 9.79 93 8.68 
37 10.18 94 6.85 
38 8.97 95 7.48 
39 7.90 96 6.81 
40 7.00 97 6.83 
41 6.82 98 5.11 
42 7.81 99 5.11 
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43 9.90 100 5.40 
44 8.72 101 7.35 
45 6.66 102 6.81 
46 6.29 103 5.45 
47 6.35 104 7.30 
48 6.63 105 5.57 
49 7.94 106 7.12 
50 7.69 107 7.12 
51 9.94 108 6.84 
52 9.19 109 7.47 
53 6.04 110 7.90 
54 6.73 111 7.90 
55 9.85 112 7.36 
56 5.89 113 7.36 

57 6.78 114 6.14 

Table 23: Depth Parameter of the Ravine objects for the 1996 year on the basis of 1 km grid size. 

 
Coherence_1992 Coherence_1996 Grid No’s 

Mean SD Mean SD 
1 0.43 0.04 0.50 0.04 
2 0.40 0.03 0.52 0.04 
3 0.39 0.05 0.58 0.05 
4 0.39 0.04 0.58 0.05 
5 0.40 0.04 0.54 0.08 
6 0.41 0.04 0.54 0.09 
7 0.41 0.05 0.62 0.05 
8 0.41 0.05 0.61 0.04 
9 0.41 0.03 0.62 0.09 
10 0.42 0.09 0.65 0.03 
11 0.43 0.03 0.65 0.03 
12 0.44 0.02 0.66 0.02 
13 0.41 0.04 0.67 0.00 
14 0.44 0.03 0.67 0.04 
15 0.42 0.05 0.66 0.04 
16 0.43 0.03 0.66 0.04 
17 0.43 0.05 0.56 0.68 
18 0.42 0.03 0.63 0.68 
19 0.43 0.04 0.62 0.74 
20 0.40 0.03 0.65 0.73 
21 0.44 0.04 0.65 0.72 

Table 24: Coherence Parameter of the Ravine objects for the different years on the basis of 5 km grid size. 
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Coherence_1992 Coherence_1996 Grid 
No’s Mean SD Mean SD 

1 0.42 0.04 0.50 0.04 
2 0.40 0.04 0.54 0.05 
3 0.41 0.05 0.61 0.04 
4 0.41 0.04 0.60 0.09 
5 0.41 0.04 0.59 0.08 
6 0.42 0.04 0.66 0.03 
7 0.42 0.04 0.66 0.04 
8 0.43 0.04 0.64 0.04 
9 0.42 0.04 0.68 0.03 

Table 25: Coherence Parameter of the Ravine objects for the different years on the basis of 10 km grid 
size. 

 
 
 

Grid No’s Coherence 
1992 

Coherence 
1996 

Grid No’s Coherence 
1992 

Coherence 
1996 

1 0.43 0.55 58 0.43 0.68 
2 0.42 0.58 59 0.44 0.66 
3 0.43 0.56 60 0.43 0.66 
4 0.39 0.54 61 0.42 0.62 
5 0.39 0.53 62 0.38 0.58 
6 0.39 0.57 63 0.38 0.54 
7 0.40 0.62 64 0.38 0.54 
8 0.43 0.60 65 0.47 0.66 
9 0.35 0.52 66 0.45 0.62 
10 0.35 0.53 67 0.43 0.63 
11 0.43 0.56 68 0.44 0.65 
12 0.42 0.58 69 0.45 0.65 
13 0.36 0.45 70 0.42 0.65 
14 0.38 0.45 71 0.42 0.63 
15 0.45 0.50 72 0.43 0.65 
16 0.39 0.53 73 0.43 0.62 
17 0.41 0.56 74 0.40 0.65 
18 0.40 0.57 75 0.40 0.65 
19 0.42 0.56 76 0.49 0.68 
20 0.41 0.57 77 0.44 0.67 
21 0.35 0.58 78 0.41 0.66 
22 0.41 0.58 79 0.42 0.65 
23 0.41 0.61 80 0.46 0.66 
24 0.40 0.55 81 0.43 0.63 
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25 0.36 0.42 82 0.39 0.70 
26 0.39 0.38 83 0.41 0.65 
27 0.45 0.46 84 0.43 0.62 
28 0.36 0.58 85 0.42 0.65 
29 0.43 0.55 86 0.40 0.65 
30 0.42 0.61 87 0.43 0.69 
31 0.42 0.66 88 0.42 0.66 
32 0.43 0.54 89 0.41 0.65 
33 0.36 0.64 90 0.45 0.65 
34 0.36 0.64 91 0.44 0.66 
35 0.41 0.60 92 0.43 0.67 
36 0.40 0.60 93 0.44 0.66 
37 0.41 0.57 94 0.41 0.71 
38 0.41 0.61 95 0.41 0.65 
39 0.40 0.57 96 0.48 0.66 
40 0.42 0.61 97 0.42 0.62 
41 0.43 0.61 98 0.41 0.68 
42 0.45 0.65 99 0.46 0.68 
43 0.47 0.61 100 0.43 0.68 
44 0.45 0.59 101 0.43 0.66 
45 0.42 0.61 102 0.48 0.66 
46 0.42 0.68 103 0.42 0.64 
47 0.44 0.64 104 0.43 0.67 
48 0.43 0.66 105 0.46 0.70 
49 0.41 0.63 106 0.43 0.68 
50 0.44 0.63 107 0.44 0.63 
51 0.40 0.53 108 0.39 0.66 
52 0.38 0.58 109 0.44 0.71 
53 0.43 0.62 110 0.39 0.71 
54 0.41 0.63 111 0.39 0.71 
55 0.48 0.69 112 0.44 0.74 
56 0.44 0.62 113 0.44 0.74 

57 0.43 0.67 114 0.44 0.56 

Table 26: Coherence Parameter of the Ravine objects for the different years on the basis of 1 km grid size. 
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Backscattering_1992 Backscattering_1996 Grid No’s 

Mean SD Mean SD 
1 0.54 0.89 2.43 1.49 
2 1.07 1.40 2.40 0.69 
3 0.99 1.12 1.68 1.20 
4 -0.10 1.64 2.56 0.98 
5 0.55 0.88 2.38 0.86 
6 1.06 0.99 2.42 0.84 
7 1.12 1.29 2.41 1.13 
8 0.87 1.07 2.37 1.03 
9 1.42 0.96 2.54 1.21 
10 1.51 0.98 2.51 1.11 
11 1.33 0.99 2.54 1.09 
12 1.43 1.50 2.90 0.64 
13 2.05 0.90 2.23 1.42 
14 1.25 1.53 2.57 1.89 
15 1.64 0.84 2.77 1.37 
16 1.81 0.76 2.33 1.14 
17 1.82 0.43 2.60 1.05 
18 1.50 1.18 2.67 1.69 
19 2.41 1.10 3.69 1.16 
20 0.84 0.46 3.87 0.96 
21 0.82 0.80 3.43 0.70 

Table 27: Backscattering Parameter of the Ravine objects for the different years on the basis of 5 km grid 
size. 

 
 

Backscattering_1992 Backscattering_1996 Grid 
No’s Mean SD Mean SD 

1 0.14 1.25 2.43 1.49 
2 1.16 1.08 2.18 0.94 
3 0.93 0.95 2.37 1.03 
4 1.06 1.10 2.44 0.99 
5 1.08 1.07 2.41 0.98 
6 1.58 1.20 2.72 1.64 
7 1.71 0.79 2.57 1.20 
8 1.29 0.76 2.65 1.13 
9 0.82 0.68 3.66 0.86 

Table 28: Backscattering Parameter of the Ravine objects for the different years on the basis of 10 km 
grid size. 
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Product Processing 
date 

In linear scale In Decibels 

UK – PAF 
Before 21st January, 

1997 
56662.5 47.53 dB 

Since 21st January, 
1997 

65026.0 48.13 dB 

I – PAF, D – PAF and ESRIN 

Since 21st January, 
1997 

65026.0 48.13 dB 

Table 29: ERS Calibration constant values. 


