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ABSTRACT

In this study, we aim to clarify the relationship between closure phases, soil
moisture, and vegetation water content, while also investigating the impact of phase
decorrelation on InSAR estimates of terrain deformation. Current methods for
mitigating phase bias in short temporal baseline interferograms typically require the
computationally intensive processing of hundreds of interferograms. Here, we
propose a practical and straightforward solution to mitigate phase bias by leveraging
vegetation water content information derived from multispectral satellite data. The
core premise of our experiment is that phase decorrelation is influenced by
variations in both soil moisture and vegetation water content, rather than solely by
vegetation growth. If this hypothesis holds, the phase bias can be addressed using
the temporal variability of the normalized difference water index (NDWI) as a proxy
for vegetation water content variability. Additionally, decorrelation phases could offer
valuable insights into changes in vegetation water content. Building on this
theoretical framework, we analyse the relationship between phase decorrelation, soil
moisture, and land cover types (e.g., agricultural, forest, urban, and bare soil). For
this purpose, regression techniques are employed, where the interferometric phase

observables are expressed as a function of soil moisture, and phase decorrelation is
described as a function of vegetation indices used as proxies for vegetation cover
and water content variability within vegetation.

METHODS

For a set of three SAR images, m, n and p, three independent interferograms are
obtained and the corresponding phase triplet, also referred to as the closure phase,

IS given by:
Sk = qbrlfzn + qb?{fp — qb#tp + ¢1I”f

where ¢X is the phase noise. A set of K equations with M unknowns, where K is the
number of pixels and M is the number of interferograms, is generated, giving rise to a
system of equations:

§ = Bo*

where £ is the phase closure vector with dimension [K x 1], ¢¢ is the phase
decorrelation vector with dimensions [M x 7], and B is a matrix of [K x M] whose
elements are 0 or £ 1. The system is, in general, ill-conditioned or rank-deficient as
the triplets is more than the interferograms. The SVD was applied to the minimum-
norm least-squares method for solving the ill-conditioned matrix B (Mira et al., 2024).
The estimated closure phases were assessed in terms of their relation to sail
moisture variation and impact on the estimated surface deformation

The NDW!I (Normalized Difference Water Index) was implemented to determine the
amount of liquid water present in vegetation using two bands of Sentinel-2, centered
approximately at 0.86 ym and 1.24 ym, in the infrared region.
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Fig. 1. (left) Study area showing agricultural fields on the west side, the Tagus estuary to
the southwest, and open forest on the east side. The red dot indicates the location of
the in-situ soil moisture sensor at the Espadanal site. The inset depicts the location of
the Espadanal site within the Iberian Peninsula (green rectangle); (right) Coimbra site
featuring agricultural fields on the west side along the Mondego River and dense forest
to the east and northwest. The inset illustrates the location of the Coimbra site within the
Iberian Peninsula (orange rectangle).

ON THE RELATIONSHIP BETWEEN C-BAND INSAR CLOSURE PHASES
AND TEMPORAL CHANGES IN SOIL MOISTURE, AND VEGETATION
WATER CONTENT

DATA SET

Soil Moisture

At the Espadanal site, located near Lisbon, Portugal (see Fig. 1a), an in situ station
continuously measured soil moisture using five sensors, sampling hourly from
January 2019 to May 2019. The area features diverse land use and land cover,
with intense agricultural activity throughout the year, and a vast area of open
forest, urban areas, and bare soil, allowing for the study of the relationship
between phase inconsistencies and soil cover, particularly its dependence on
vegetation.

Sentinel-1 & Sentinel-2 data

A set of 21 SAR images acquired by the Sentinel-1 satellite in interferometric wide
mode (IW), using VV polarization, between January 10 and May 4, 2019, along the
descending pass (track 52), was interferometrically processed with ESA's SNAP
software.

Twelve Sentinel-2 images with less than 20% cloud cover, acquired between
January and May 2019, were also utilized. These images were resampled to match
the spatial resolution of the SAR interferograms and were used to compute the
Normalized Difference Water Index (NDWI).

At the Coimbra site, a collection of SAR Sentinel-1 and Sentinel-2 images was
acquired using the same parameters as those applied at the Espadanal site. In
total, 22 Sentinel-1 images and 17 Sentinel-2 images were used, covering the
period from January 4 to September 16, 2023.

RESULTS
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Maps of deformation & NDWI temporal variability
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Fig. 4. Image of the NDWI temporal variability
computed with a time series of Sentinel-2
Images and resampled at the same resolution
as the interferograms

Fig. 3. Accumulated deformation between
January and May 2019
(color scale in mm);
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Fig. 5. Correlation between deformation and temporal variability of NDWI: a)
Espadanal site and b) Coimbra site.

In this model, the component of water content variability in vegetation is introduced
through the variable SNDWI, providing the temporal variability of NDWI. Since there
is no direct relationship between the interferometric phase and SNDWI, a linear

LIVING PLANET SYMPOSIUM

conversion parameter from ONDWI to interferometric phase is introduced (n),
resulting in the expression:
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Fig. 6. Box plot of the phase bias before and after the NDWI temporal
variability correction according to the proposed model; a) Espadanal site;
b) Coimbra site.

The mean value of deformation was reduced from -1.14 mm to -0.15 mm, and its

standard deviation from 0.98 mm to 0.86 mm (Fig. 6a).

CONCLUSIONS

 The sign, magnitude, and temporal behaviour of the decorrelation phases are

linked to land cover. These phases are more closely associated with the temporal
variation of vegetation water content than with soil moisture.

« The temporal variation of vegetation water content is related to the phase bias of

the cumulative displacement computed with short-time interval interferograms.

« The correction of the contribution due to the temporal variation of vegetation

water content to the cumulative deformation reduces the spatial correlation
between the cumulative deformation and the agricultural fields, making the
cumulative deformation map of the study area, which is known to be stable, closer
to the expected map that has a zero-mean Gaussian distribution
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