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1 INTRODUCTION 

Earth’s surface is covered by 70 % of water, an essential element in sustaining life 

on the blue planet. It is at the heart of an important phenomenon: the water cycle – the 

continuous movement of water on, above and below Earth’s surface, powered by solar 

energy. It has neither beginning nor end – a never-ending process of water-mass exchange 

between clouds, water bodies (oceans, lakes, ice caps, snow, etc.) on Earth and soil through 

the processes of condensation, evaporation and precipitation. Water cycle locks land, 

oceans and atmosphere together, by means of great energy exchanges, into a single 

integrated system which determines Earth’s climate. 

 
 

Figure 1-1 Water cycle (Image courtesy of SA Water) 

 

Soil moisture is commonly defined as the amount of water contained in a unit 

volume of soil. Compared to other water masses in the water cycle, the volume of soil 

moisture is small. Only some of the water which has moved across the land during 

precipitation and infiltrated the ground gets retained as soil moisture. However, it is a key 
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parameter in controlling the exchange of water and heat energy between the land surface 

and the atmosphere through evaporation and plant transpiration. Dry soil can contribute 

little to no moisture; saturated and super-saturated soils can contribute lots. As a result, soil 

moisture plays an important role in the development of weather patterns and the production 

of precipitation within a region. 

Nowadays, scientists use atmospheric general circulation models to estimate soil 

moisture. These models are mathematical representations of atmosphere, simulated on 

computers. A better modelling of surface soil moisture, vegetation, and temperature can 

lead to significant forecast improvements. Today, however, there is not enough thorough 

dataset on soil to carry out these enhancements. Hence, soil moisture content is not used 

routinely in forecasting models. Whenever measurements are available, these represent 

only small geographical areas. Since soil moisture varies considerably in space and time, 

continuous measurements with larger or even global coverage are needed in order to make 

reliable forecasts. 

Many remote sensing techniques have been developed for this purpose. For a long 

time, the most successful ones have been space-based microwave radiometers operating in 

the lower frequencies of the L band [1,2] and radars [3-5]. The MIRAS instrument onboard 

the SMOS satellite is one of those. More recently, another logistically less demanding 

technique has been developed using Global Navigation Satellite System (GNSS) [6-10]. 30 

GPS satellites, the only fully operational GNSS, are constantly orbiting the Earth and 

beaming down signals to its surface where they get reflected. The latter carry information 

about the characteristics of the reflecting surface, thereby allowing the retrieval of 

geophysical parameters, including soil moisture. This breakthrough technique of measuring 

reflected GNSS signals is called GNSS-Reflectometry (GNSS-R). It enables instruments to 

be ground-based and allows measurements to be done in a continuous manner all over the 

Earth, owing to the global coverage of GPS satellites. 

In this context, the UPC Passive Remote Sensing Lab (RSLab) has developed 

theoretical models exploiting this technique for soil moisture retrieval [11]. These models 

are based on the interference pattern produced by interaction between the direct GPS signal 

and the reflected GPS signal coming from the soil surface. The properties of the received 

interference pattern are modified by changes in geophysical parameters, such as the soil 

texture, moisture, roughness and thickness of soil layers. Changes in each of the 



Chapter 1  Introduction 
 
 

3 
 

parameters will induce a characteristic change in the interference pattern. Therefore, by 

identifying the correct observable change in the pattern, the soil moisture can be inferred. 

So as to get enough experimental results to validate the theoretical models 

mentioned above, a ground-based instrument, called the Soil Moisture Interference-pattern 

GNSS Observations at L-band (SMIGOL) Reflectometer, was placed in a wheat field at 

Palau d’Anglesola in Lleida province, from January to October 2008. Measurements have 

been carried out at the different stages in the growth of wheat. Those were then compared 

to the results produced by the theoretical model by means of a simulator, implemented 

using Matlab. By fixing geophysical variables in the simulator so as to represent as closely 

as possible the characteristics of the monitored soil, it is able to produce a theoretical 

interference pattern. It is then possible to compare this pattern with the experimental results 

to test the validity of the models. 

The simulator was in an initial stage so that most of the parameterisation had to be 

done manually, which takes a lot of time and introduces errors in accuracy. The presented 

PFC arises in this framework, so that the objective is to automate the simulator taking as 

input raw data produced by the SMIGOL Reflectometer and producing as output the soil 

moisture and topography of the monitored site, with minimum human input and delivering 

a fast response. Having a more accurate and faster simulator gives more results to analyse 

and better theoretical models for soil moisture retrieval.  


