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Abstract

The present study investigates the polarimetric characteristics of L-band interferometric phase triplets using fully polari-
metric SAR data over the Traunstein forest site in southern Germany. The analysis focuses on the behaviour of phase
triplets of individual Pauli components, representing surface, dihedral, and volume scattering mechanisms. For each type
of scattering mechanism, the spatial variability and magnitude of triplet phase are quantified, allowing the identification
of the dominant scattering contributions to interferometric deviations. The influence of land cover and its change includ-
ing crops and forests, on phase triplet patterns spanning different time intervals, is addressed, highlighting the sensitivity
of closure phases to structural complexity and temporal changes. A model-based interpretation and validation of the

observed phase triplet patterns will be attempted in the main contribution.

1 Introduction

Phase triplets, is an interferometric observable obtained by
summing the interferometric phases (e.g. by multiplying
the associated interferograms) in closed time loops formed
by three Synthetic Aperture Radar (SAR) acquisitions that
allow the formation of three interferograms [1]. In the ab-
sence of changes affecting the relative weight and location
of the scattering contributions in the scene in the three ac-
quisitions, the phase of the (interferometric) triplet product
is zero. Deviations from this condition, referred to as phase
non-closure, provide valuable information about scattering
complexity, temporal variability, and structural or dielec-
tric changes within the resolution cell.

Previous studies have demonstrated that phase triplets are
sensitive to subtle variations that conventional two-image
interferometry often misses, enabling applications such as
soil moisture monitoring [1][2], vegetation growth dynam-
ics [3], and variations in vegetation water content [2]. Nev-
ertheless, the underlying physical mechanisms driving
phase non-closure are today not yet fully understood, espe-
cially when it comes to the relative contribution of different
scattering processes.

Fully polarimetric SAR (PoISAR) enables the decomposi-
tion of the backscattered signal into canonical scattering
mechanisms [4]. In this study, L-band quad-pol acquisi-
tions over a temperate forest and agricultural fields in Ger-
many are analysed in terms of surface, dihedral, and vol-
ume contributions. At L-band a non-negligible return from
the ground is observed, while still maintaining sensitivity
to the vegetation layer.

By quantifying the impact of each type of scattering con-
tribution on the triplet phase, we aim to deepen our under-
standing of temporal and structural factors affecting the in-
terferometric phase behaviour in natural surfaces and veg-
etation.

2 Pol-InSAR Phase Triplets

Fully polarimetric acquisitions [4] are composed by four
complex backscattering coefficients, i.e., Syy, Syy, Svu
and Sy, one for each linear polarization channel combina-
tion. This information is expressed by means of the scatter-
ing vector in the Pauli basis:
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where Syy = (Syy + Syy)/2 represents the averaged
cross-polarized channels.

The three elements of the scattering vector E3 p can be in-
terpreted as to surface, dihedral and scattering from ran-
domly oriented targets. This representation is constructed
as a linear combination of polarization channels that max-
imizes the separation between the different types of scat-
tering mechanisms, making it particularly useful for isolat-
ing the dominant ones. Consequently, it enables an inde-
pendent interferometric analysis of each scattering compo-
nent.
For three co-registered acquisitions n, k, h, the interfero-
grams of each Pauli component are:

Ik = knki,  Dan = ik, Iy = Knky, @
with interferometric phase &, = arg(Ix).
After multi-looking in order to reduce speckle and improve
phase reliability, the resulting interferograms are appropri-
ately multiplied to compute the triplet phase:

Gnkn = Gni + Grn + G 3)

By evaluating ¢,,;, separately for surface, dihedral, and
volume components, we assess which scattering mecha-
nisms dominate the triplet phase and how they respond to
temporal and structural changes.



3  Study Area and Datasets

The study was conducted on the Traunstein forest in south-
ern Bavaria, Germany. A Pauli RGB image of the test site
is shown in Figure 1. The central forest plot appears in
green, characteristic of volumetric type of scattering mech-
anism. The surrounding agricultural fields appear as a
mixed of purple and blue colours when dominated by sur-
face scattering, as in bare or short vegetated fields. Only
some fields and small urban areas appear in pink and red-
dish colours, typical of dominant dihedral scattering.

This test site is a well-managed, continuously monitored
experimental forest characterized by diverse tree species,
variable canopy structures, and well-documented environ-
mental conditions. Due to its structural complexity and
long-term measurement history, Traunstein has been the
focus of multiple remote sensing studies on temperate for-
est dynamics and is frequently overflown for airborne SAR
research campaigns.

Figure 1 Pauli RGB image of Traunstein. Red = HH -
VV (dihedral scattering), green =2 HV (“volume” scat-
tering), blue = HH + V'V (surface scattering). Rectangles
show analysis regions.

Fully polarimetric L-band data were collected by the DLR
operated F-SAR system during three flight campaigns on 4
May 2023, at approximately 06:00h, 10:00h, and 13:30h
local time. Each campaign included five flight passes with
identical headings and consistent geometry, with approxi-
mately 15-minute intervals between consecutive acquisi-
tions. Temporal decorrelation can be thus considered neg-
ligible. In the focused single-look complex (SLC) data, the
pixel spacing is approximately 0.37 m in azimuth and 0.60
m in range. After multi-looking, the resulting images have
an effective spatial resolution of about 11 m in azimuth and
18 m in range. In addition, a zero-baseline interferometric
configuration was selected among the various flight passes
to minimize geometric decorrelation. This is given by the
vertical wavenumber k; [5], as shown in Figure 2, which
provides the sensitivity of the interferometric pair to
height.
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Figure 2 Across track vertical wavenumber (k) distribu-
tion for the selected acquisition triplet.

Figure 3 shows the canopy height map as derived from air-
borne LiDAR data acquired in 2022. The map is used to
generate masks at different heights that help distinguishing
open and short vegetated areas (top plot) from forested
(bottom plot).
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Figure 3 Vegetation mask derived from LiDAR canopy
height and coherence thresholding. Agricultural fields
(top) and forested areas (bottom) are delineated for
targeted analysis of phase closure behaviour.

At the same time, to ensure reliability of the phase triplet
analysis, a coherence threshold of 0.4 is applied. Interfero-
metric coherence [7], which quantifies the complex corre-
lation between two co-registered SAR images, reflects the
stability of the radar backscatter. Pixels with a coherence
lower than the threshold are discarded, and only stable scat-
tering contributions are considered. Figure 4 shows the
Pauli RGB image highlighting the stable scatterers pre-
served after applying the 0.4 coherence threshold.

Figure 4 Pauli RGB image of retained scatterers after the
0.4 coherence threshold.

4  Pol-InSAR Triplet Analysis

4.1 Agricultural Fields

At the time of the selected acquisitions, in May, low vege-
tation (<I m) dominates the fields. The most common
crops at this time of the year are winter wheat, winter bar-
ley, maize, rapeseed and grassland. At L-band, these short
canopies are widely transparent, allowing the radar signal
to penetrate and interact mainly with the soil surface.

Three agricultural fields, whose location is indicated in the
yellow rectangles in Figure 1, are selected for triplet phase
analysis due to their clear phase behaviour. A Pauli RGB



image, together with the triplet phase at the different Pauli
channels, are shown in Figure 5.

Short vegetation layers, as those of the agricultural fields
do not dominate scattering at L-band. In consequence, the
Pauli 1 channel (Figure 5 (b)), characteristic of dominant
surface scattering, shows spatially smooth patterns. The
other components show more localized, spatially corre-
lated structures. Pauli 2 (Figure 5 (c)), typical of dihedral
scattering, displays smaller, more defined patches. Pauli 3
(Figure 5 (d)), characteristic of volume scattering, shows
similar patterns to Pauli 2 but with even finer textures and
details. This one shows the largest absolute triplet phase
values.
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Figure 5 Triplet phases over three agricultural fields. (a)
Pauli RGB, (b) Pauli 1 (surface scattering), (c) Pauli 2 (di-
hedral scattering), (d) Pauli 3 (volume scattering).

Overall, the lower triplet phase triplet values over Pauli 1
are an indication of how smooth surfaces appear at L-band,
resulting in a more stable signal. On the other hand, triplet
phase values show more similarities between Pauli 2 and 3
channels, which are the ones sensitive to scatterers present
in the vegetation. This indicates that volume-dominated
contributions are more sensitive to small temporal and
structural changes.

4.2 Forested Areas

The Traunstein forest is characterised by heterogeneous
canopy structures with tree heights from 10 to 35 m, vary-
ing species composition as a result of different manage-
ment practices. In forests the L-band signals interact with
multiple scatterers across the different vegetation layers in
height. This can produce strong volume and dihedral re-
turns, resulting into a less dominant surface scattering con-
tribution.

The three forest stands selected for analysis are as well pre-
sented in cyan rectangles in Figure 1. Similarly to the ag-
ricultural crops analysis, a Pauli RGB image and the triplet
phase at the Pauli channels are illustrated in Figure 6.
Phase triplet maps show high spatial heterogeneity, with
fluctuations in both positive and negative directions. Alt-
hough all Pauli components display phase closure variabil-
ity, Pauli 3, associated with volume type of scattering, con-
sistently exhibits the largest non-closure phase values. This
variability reflects the increased complexity of taller vege-
tation with respect to the case of the agricultural fields. The
combined influence of a complex vertical and horizontal
structure, together with spatial variations in water content
which alter the local dielectric properties of the trees, in-
troduces phase shifts in the backscattered signal.
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Figure 6 Pauli-decomposed triplet phase over forests. (a)
Pauli RGB, (b) Pauli 1 (surface scattering), (c) Pauli 2 (di-
hedral scattering), (d) Pauli 3 (volume scattering).

The contrast with non-closed triplet phase values over the
agricultural fields highlights the influence of vegetation:
multi-layered canopies with varying water content amplify
phase non-closure, particularly for volume-dominated
scattering.

5 Outlook

Analysis of L-band polarimetric interferometric triplets
over the Traunstein site revealed clear differences in phase
non-closure behaviour between land cover types. Agricul-
tural fields, with low and thin vegetation, produced largely
homogeneous and surface-dominated triplet phases. In
contrast, forested areas generate highly heterogeneous pat-
terns dominated by volume and dihedral scattering. The
spatial variability is driven not only by canopy structure but



also by variations in vegetation water content. Among the
Pauli components, the volume term consistently exhibited
the largest phase variations, emphasizing the sensitivity of
multi-layered, water-variable canopies to temporal and
structural changes.

These findings demonstrate that polarimetric decomposi-
tion of interferometric triplets can effectively isolate scat-
tering mechanisms responsible for phase deviations. In the
main contribution a model-based interpretation and valida-
tion of the observed phase triplet patterns will be at-
tempted.
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