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Percentage of the incoherent component in the GNSS-R power function of land use

Land use mapping

The objective of this study is to analyze GNSS-R data variations as a
function of land cover using airborne measurements obtained with
the GLObal Navigation Satellite System Reflectometry Instrument
(GLORI). In situ measurements describing the soil and vegetation
properties were obtained simultaneously with flight
measurements. The behavior of the observable copolarization
(right-right) reflectivity 𝛤!! and the cross-polarization (right-left)
reflectivity 𝛤!" as a function of land use is discussed. The
distribution of coherent and incoherent components in the
reflected power is estimated for different types of land cover.
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ResultsIntroduction

GLORI Data Processing

Study site and data

Methodology

This study is based on
airborne campaigns with 3
flights carried out in July
2021 (flight 45/46/47
respectively on July 22nd,
27th and 28th ) over the
Urgell site (SAFIRE ATR-42
plane), altitude around
1100m

The Urgell site is located in Catalonia (Spain). It is an agricultural site
with intensive irrigation mainly coming from the Pyrenees through
the Urgell canal. The land use at this site varies with annual crops
(corn, cereals, and alfalfa) and arboriculture (apple and pear
orchards). The climate is semi-arid.

GNSS-R reflectivity level as a function of land use

The GLORI instrument used in this study is described in [1]

Incoherent distributions as a function of land use

Location of the GLORI 2021 flights and plots for ground truth in the Urgell basin (Spain). 

Land use map of the study area in the Urgell Basin based on Sentinel-2 images from the
summer of 2021, supervised classification with random forest classifier. 385 fields for
ground truth, 6 classes

Incoherent component relative to the total scattering power a

Only data with incidence angles < 30° are taken into account to 
limit the effect of the angle in the discussion of land use 
contributions

where 𝜎!"#!"##
$ is the variance of the

ICF over the incoherent averaging
period (200 ms) and pq is RR or RL

Reflectivity 𝜞 ∶ we consider a calculation based on the
Interferometric Complex Field which is defined as the ratio
between the reflected and direct waveforms' peak time series

Same trends for flights 46 and 47

Normal distributions of the reflectivity for the four agricultural land uses for 𝜞𝑹𝑳 and for 𝚪𝑹𝑹 (flight 45)

Reflectivity level 𝜞𝑹𝑳 and 𝚪𝑹𝑹 as a function of land uses (flight 45)

At the study site, over water cover, very strong signals for the RL and RR polarizations
were observed. The four agricultural classes (maize, bare soil, alfalfa, and trees)
considered in this study showed averages over a range of 4.5 dB. The potential of
GNSS-R data to clearly distinguish land uses is well demonstrated.

The hypothesis of coherent scattering over continental surfaces is very generally
applied to data acquired by airborne or satellite measurements. This study shows the
dominance of this component for different land uses in the case of RL polarization
(around 80%). However, this hypothesis is surely less valid in the case of RR
polarization, with a percentage approximately ranging between 60% and 65%.

In the case of a depolarized signal (RR), the probability of signal acquisitions coming
from different structures of vegetation cover or soil in an incoherent mode is higher.
This could explain the differences observed in the distribution of the coherent and
incoherent components between the two polarizations RL and RR.

This scientific question will be essential in the analysis of data from future polarimetric
GNSS-R satellite missions (like HydroGNSS), in the context of a sharp drop in the
incoherent contribution between airborne and space measurements [3].

The dependence of our observations on moisture is analyzed by examining the
evolution of a over the three flights : highest a with the driest conditions

Flight 45 = very dry context
Flight 46 = after a precipitation event
Flight 47 = after the beginning of the drying process

Check our study [2] on soil moisture estimation with GLORI for this campaign:


