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Chapter 1
Introduction

1.1 Background

W rite some intro here. How to cite a figure. It is shown in Figure[I.1]
n

ow is classified as wet or dry depending upon the amount of liquid water content. Dry
snow consists of ice particles and air, whereas wet snow contains liquid water as a third compo-
nent. Microwaves strongly respond to this change in liquid water content in snow (Hallikainen
et al., 1986). The estimation of snowpack parameters requires a good understanding of the
scattering mechanisms from the snowpack. Scattering from the air-snow surface and the upper-
most layers are effective for wet snow estimation. The attenuation of a propagating EM wave
is given in terms of the volume extinction coefficient (k) and the penetration depth is defined

as, 6, = 1/xk..



Figure 1.1: Test image include graphix.

1.2 Motivation

* SAR polarimetry is a very active research area in radar remote sensing in which there is
an increased need to explore the potential for quantitative estimation of bio-/geo-physical

parameters.

* Many works have reported the study of snow parameters using SAR data, among which
very few studies barely attempted to retrieve any quantitative (for example snow wetness,

snow density, snow grain size etc.) information.

* There is no proven precise methodology for the estimation of snowpack parameters using

full polarimetric SAR data over the Indian Himalayan region.
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* The data obtained from the new generation advanced full-polarimetric SAR sensors along
with the advanced polarimetric decomposition techniques, provide an opportunity to de-

velop improved algorithms for snow pack parameters estimation.

1.3 Research objectives

In this thesis, polarimetric SAR data is used for the estimation of snowpack parameters over the
Indian Himalayan region. In this context algorithms have been developed for the estimation of

snow wetness, snow surface dielectric constant and density,

1(a). Estimation of snow wetness from dual polarimetric (HH + VV) coherent X-band data.

1(b). Estimation of snow wetness from full polarimetric (HH+HV + VH+ VV) SAR data.

1(c). Estimation of snow surface dielectric constant from full polarimetric (HH+HV + VH +
VV) SAR data.

2. Estimation of snow density from full polarimetric (HH+ HV + VH + VV) C-band SAR

data.

These objectives are accomplished and implemented over the Indian Himalayan region
for which data is acquired over the study area and field measurements were recorded during
January to March 2012-2014. In the Indian Himalayan region, snowfall normally occurs during
December to March from an altitude of 2000 m above the mean sea level. The expected snow
wetness during Jan.— Feb. is around 2-6 % by volume because of fresh snowfall and average
minimum temperature. The snow density variation mainly depends on the temperature which
produces the snow melt-freeze cycle. In the Indian Himalayan region, the mean minimum
temperature in the month of January is around -15°C-0°C and the mean maximum temperature
in the month of June is around 20°C-30°C. The mean high and low temperatures in the month

of February over the study area are around 11°C and -1°C respectively.
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1.4 Thesis outline

The subject matter of the thesis is presented in the following five chapters,

v Chapter-1 gives an overview of the advantages of polarimetric SAR systems for snow-
pack parameters estimation. It also describes an outline of the snowpack parameters and
their characteristics with respect to the electromagnetic waves, and also emphasizes the

motivation of this research and objectives.

v/ Chapter-2 elucidates the principle and important parameters of a SAR system and the
characteristics of snowpack parameters. Thorough investigations of snowpack character-
ization studies, PoOISAR decomposition techniques and their advancements are included

in this chapter.

v Chapter 3 describes all the new developments of methodologies for the estimation of
snow parameters from available SAR systems in separate subsections. All the new devel-
opments are presented with detailed flowcharts and derivations. The detailed description
about the study area, in-situ field data collection and the data sets used for this study are

incorporated in this chapter.

v Chapter-4 discusses the results obtained from all the algorithms and are presented in
separate subsections along with detailed investigations using topographic and observatory

measurements. Multi-temporal analyses of the results is also included in this chapter.

v Chapter-5 highlights the new findings obtained by the utilization of SAR polarimetric
data and conclusions arising out of this complete study are elucidated. The scope for

future and continuation of this research work are also reported.



Chapter 2

Review of Literature

2.1 Introduction

In this Chapter, the emphasis of the discussion is on retrieval of snowpack parameters using
spaceborne polarimetric SAR images. The principle and the imaging geometry of SAR system
is described and a brief overview of the polarimetric SAR concepts are presented. A compre-
hensive exploration of all major factors affecting the SAR signal backscattered by the snow

surface is discussed as available in the literature till date.



This page was intentionally left blank.



Chapter 3

Development of Algorithms and

Methodologies

In this chapter, all the new algorithms developed during the course of this work for the
estimation of snow parameters from polarimetric SAR systems are explained. All the new
methodologies are presented with detailed flowcharts and derivations. The detailed description
about the study area, in-situ field data collection and the data sets used for this study are also

incorporated in this chapter.



This page was intentionally left blank.



Chapter 4

Results and Discussions

In this Chapter, the results obtained from all the algorithms are presented in separate
sub-sections along with the detailed investigations using topographic and observatory measure-

ments. Multi-temporal analyses of the results are also presented.

4.1 Snow wetness from dual polarimetric data

In this section, the results obtained from the proposed snow wetness estimation method for

dual-polarimetric coherent (HH/VV) SAR data (i.e., TerraSAR-X) Chapter [3] are presented.
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Chapter 5

Summary and Conclusions

In this thesis, the utilization of complete polarimetric SAR information for the estima-
tion of snowpack parameters is described. Snow parameters in mountain areas are particularly
sensitive to changes in environmental conditions. Timely gathering information about snow
parameters and their temporal and spatial variability represents a significant contribution in
climatology, local weather, avalanche forecasting and for the hydropower production in high
mountainous areas. Conventional and ground-based methods represent only exact location mea-
surements of field observations which may or may not be representative of a large area or basin.
Due to the strong spatial and time-dependent dynamics of snow cover, frequent observation
cycles are necessary. The sensitivity of microwave scattering to the characteristics of snow-
pack makes RADAR remote sensing a boon to understand a wide range of environmental issues
related to the physical condition in high mountainous areas. Especially, the potential for retriev-
ing snow parameters with a high spatial and/or temporal resolution corresponds to become an

important input to snow avalanche forecasting, hydrological and meteorological modeling.

Synthetic aperture radar (SAR) imaging technology is one of the most important ad-
vances in space-borne radar remote sensing during recent decades. In the present investigation,

dual- polarimetric (HH/VV) coherent TerraSAR-X (X-band) and full polarimetric Radarsat-2
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(C-band) datasets have been used. Manali- Dhundhi region of Indian Himalaya is considered
as a study area for this research work. Field data was collected synchronous with the satellite
passes (Appendix-II). Snow parameters such as wetness, density, depth and snow permittivity
have been measured using the snow fork instrument over the study area. Detailed analyses
of Microwave interaction with snow covered terrain and different scattering mechanisms are

described in ??, in order to understand the physical characteristics of snowpack parameters.

In this thesis, four major algorithms were presented for the estimation of snow wetness,
snow surface dielectric constant and snow density. The algorithms have been proposed and vali-
dated using polarimetric SAR data and near real time in-situ measurements. The methodologies
have been clearly explained in Chapter [3|comprising of four separate sections. The results ob-
tained from these approaches have been meticulously presented with detailed discussions in

Chapter [] pertaining to the corresponding sections.

* A new methodology for the estimation of snow wetness using dual- polarimetric (HH/VV)

coherent high frequency (9.6 GHz) SAR data has been proposed.

* A new novel algorithm has been proposed to estimate snow wetness from full polarimetric
SAR data. The proposed model was applied to Radarsat-2 fine resolution full-polarimetric

data sets acquired over the Indian Himalayan region for three consecutive years.

* Snow surface dielectric constant estimation methodology from full-polarimetric SAR
data is proposed. The dominant scattering type amplitude (o) is used to characterize

dominant snow.

* At final, a new methodology for snow density estimation from C-band full-polarimetric
SAR data is proposed. The generalized volume parameter is derived from the double

unitary transformation of the coherency matrix.

* These research works have been assimilated in the HImSAR software toolbox which
is under development and expansion for the cryospheric applications using polarimet-
ric SAR data. This toolbox will be helpful for the cryospheric scientific community to

utilize, explore and contribute to the further development of this open source toolbox.
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5.1 Contributions

During this course of research work, four major contributions were made in-terms of new algo-

rithms development for the estimation of snowpack parameters.

* A new snow wetness estimation algorithm is developed for dual.

* A new novel algorithm has been developed to estimate snow wetness using full polari-

metric SAR data.

Snow surface dielectric constant estimation methodology has been developed for full-

polarimetric SAR data.

A new methodology for snow density estimation from C-band full-polarimetric SAR data

is developed.

5.2 Scope for future research

* The proposed snowpack parameters estimation algorithm can be extended for multi fre-

quency SAR data by considering all possible scattering mechanisms.

* Particularly for the estimation of snow density where the snowpack volume scattering has

only been considered for the Radarsat-2 C-band data.

13
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Appendix A

HimSAR: A Snowpack Parameters

Estimation Toolbox

A.1 Introduction

HimSAR (the word hima means snow in Sanskrit) is an endogenous snowpack parameters esti-
mation and standalone toolbox containing the novel methodologies developed during this doc-
toral study. Apart from this it also contains the conventional SAR data processing algorithms
and the widely used decomposition methodologies available in the literature. Moreover, it also

contains algorithms for snowpack parameters estimation from single, dual and full- polarimetric

SAR data.
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A.2 Functionalities

Many pre and post-processing steps are included along with the snowpack parameter estimation

algorithms in this HImMSAR toolbox.
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Appendix B

Snow Fork Measurements

Field campaigns were conducted to collect near-real time in-situ snowpack parameter mea-
surements with the Radarsat-2 fine resolution quad polarimetric (FQ) data acquisitions using
snow fork instrument. These measurements are listed with the corresponding GPS locations for
consecutive three winter seasons from 2012 to 2014 in the month of February over the study

arca.
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