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I. INTRODUCTION

THE BIOMASS Monitoring Mission for Carbon Assess-
ment (BIOMASS) has been selected in May 2013 by the

European Space Agency to become the seventh Earth Explorer
mission, which is scheduled for launch for the 2019–2020 time
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frame. The satellite will be designed to provide, for the first
time from space, P-band radar measurements that are optimized
to determine the amount of biomass and carbon stored in the
world’s forests. This information, which is poorly known in the
tropics, is essential to our understanding of the role of forests in
Earth’s carbon cycle and climate change. During the prepara-
tory phase, the assessment of retrieval methods for measuring
above-ground biomass in tropical forests is one of the major
research activities [1], [2]. The satellite carries a single sensor,
i.e., a P-band (435 MHz, a wavelength of ∼69 cm) SAR system.
The BIOMASS P-band SAR has full polarimetric and multipass
interferometric capabilities. The signal bandwidth is 6 MHz,
which is a small value that is constrained by the frequency
spectrum allocation.

The BIOMASS mission will last five years and comprise a
tomographic phase that is followed by the nominal operational
phase. In order to minimize the temporal decorrelation of
interferometric acquisitions, an optional observation concept
with a repeat cycle as low as three or four days has been
studied. The tomographic phase will be performed just after
the commissioning phase, which will be carried out with the
satellite flying in the nominal orbit or in the tomographic orbit,
depending on the final mission design. During this phase, the
system will gather multiple acquisitions that are characterized
by small baselines and a repeat cycle on the order of a few days,
allowing SAR tomography imaging. This phase is expected to
directly provide useful inputs for the nominal phase. However,
there are three main factors that are expected to have significant
impact on the quality of the results. One is the 6-MHz limit that
is allowed for the pulse bandwidth, resulting in a severe limit to
the vertical resolution if not properly accounted for [3]. Another
factor is the interaction with the ionosphere, which affects the
data quality, producing disturbances such as Faraday rotation,
residual phase screens, image shifts, and even defocusing [4],
[5], which need to be corrected with specific algorithms [6].
Finally, a major factor is the one that is related to temporal
decorrelation, resulting from short-term and long-term decor-
relation mechanisms within the vegetation [7]. The presence of
temporal decorrelation has been shown to constitute a crucial
issue in multibaseline applications. Temporal decorrelation can
make the retrieval of biophysical parameters from interferomet-
ric SAR measurements at X-band or C-band almost unfeasible
because of the changes in the electromagnetic profiles and/or
the positions of the scatterers with time within the resolution
cell [8]. However, in urban scenarios, X- and C-bands are useful
for the problem of detecting and localizing a collection of a few
point targets by exploiting spaceborne tomography [9], [10].



At L-band, temporal decorrelation is also a critical factor for
polarimetric interferometric SAR inversions [11], which needs
to be compensated with a specific model [12]. The employment
of P-band is expected to yield better measurements because
P-band is foreseen to: 1) experience lower temporal decorre-
lation [13]; 2) penetrate the ground even on very dense forests
[14], [15]; and 3) avoid the saturation phenomena of biomass
with respect to radar backscatter [16]. However, up to now, no
precise information is available concerning the impact of the
repeat time on the performance of forest structure retrieval. In
other words, there are no measurements available about the ver-
tical distribution of temporal coherence at P-band, specifically
in tropical forests.

During the BIOMASS preparation phase, to assess the re-
trieval algorithms using the P-band SAR measurements over
tropical rain forests, the TropiSAR 2009 airborne campaign
and the TropiScat 2011 ground-based experiment have been
conducted in Paracou, French Guiana [17], [18]. The TropiSAR
data set allowed for the investigation of the forest vertical struc-
ture and its connection to the forest biomass at a landscape scale
[16], [19]. In order to complement the airborne TropiSAR data
set, the TropiScat ground-based experiment was implemented
to acquire a well-controlled data set in various seasons and
weather conditions, delivering intensity and complex coherence
in all polarizations [20]. Such an experimental setup provides
2-D vertical imaging (range–height imaging) resolution capa-
bilities through the coherent combination of the signal from dif-
ferent antennas via tomographic techniques. Therefore, again,
by coherently comparing the tomographic images that are taken
at different times, it is possible to gain access to the variation of
temporal coherence with respect to the forest height.

The aim of this letter is to present the results that are obtained
from the TropiScat campaign concerning the short-term and
long-term temporal decorrelation within the vegetation layer,
leading to a discussion on the dependence of temporal decorre-
lation with respect to the forest vertical structure.

This letter is organized as follows. The TropiScat tomo-
graphic mode experiment is briefly introduced in Section II.
Coherence patterns are discussed in Section III. Long-term
temporal decorrelation behaviors are shown in Section IV.
Conclusions are drawn in Section V.

II. TROPISCAT TOMOGRAPHIC MODE

The major objective of the TropiScat campaign is the tem-
poral survey of the variation of the radar measurements in time
scales ranging from diurnal, weekly, monthly, and up to one
year of observation and, possibly, beyond. The measurements
include the intensity, coherence, and vertical imaging at all lin-
ear polarizations. Concerning the TropiScat tomographic mode,
the main goal is the assessment of the vertical distribution of
temporal coherence, covering time scales of hours, days, and
months.

The Paracou field station is located in a lowland moist
tropical forest with high above-ground biomass (up to 450 t/ha)
near Sinnamary, French Guiana. In 2003, the Guyaflux metallic
tower was built in an existing natural 100-m2 gap [21]. The
55-m-high Guyaflux tower is about 20 m higher than the

Fig. 1. Antenna positions for the TropiScat tomographic system in the
Guyaflux tower. The design encompasses one vertical array of five antennas
for each polarization (i.e., horizontal or vertical) and each operating mode
(i.e., transmit or receive).

overall canopy. The experiment has been successfully set up
and operated since October 2011 at this field station, where
the equipment was installed on top of the Guyaflux tower to
illuminate the forest below [18], [20].

The TropiScat tomographic array has been designed and
implemented, as shown in Fig. 1. The system consists of a vec-
tor network analyzer that is connected to 20 antennas through
a switch box. The transmitted signal occupies the frequency
spectrum between 400 and 600 MHz (corresponding to the
upper P-band), resulting in a range resolution of 0.75 m.

Fig. 1 shows that the real array antennas are irregularly
positioned along the vertical direction. However, by employ-
ing multiple transmitting–receiving pairs, a uniform equivalent
monostatic array is formed along that direction for each po-
larimetric channel, resulting in the same tomographic imaging
properties in all polarizations. The resulting virtual array aper-
ture and spacing are Az = 2.8 and dz = 0.2 m, respectively.
At this vertical spacing, the height of ambiguity turns out to
be higher than 50 m for a range distance that is > 60 m
even at 900 MHz, which is well distinguished from the forest.
Furthermore, the virtual array aperture results in the vertical
resolution in the far range (70 m), being about 7.5 m in the
P-band, and is proportionally finer at higher frequencies. The
TropiScat system has no azimuth resolution. As a consequence,
the tomographic imaging is relative to an average over an
azimuth angular sector. The equipment allows us to gather the
signals at the tomographic array within a few minutes, resulting
in the possibility of producing a tomographic image of the
forest with a temporal sampling of 15 min. For a comprehensive
description of the TropiScat campaign and related performance,
see [20].

The focus of this letter is on the (P-band) data at 500 MHz,
although the data at 700 and 900 MHz are available as well. We
have chosen to work on the P-band data because it was decided
to be a top priority for the TropiScat campaign, providing input
for the BIOMASS mission study. Furthermore, we focus on the
near range area (i.e., from 60 to 120 m away from the array)
because the vertical resolution is on the order of 6–12 m, which
allows us to separately study different vertical layers within the
forest volume.

Tomographic processing is carried out to focus all available
acquisitions in the range–height plane to form a vertical section
of the illuminated forest. All results have been flattened to bring
the terrain level at 0 m, in order to help the visualization and
interpretation of the results [20].



Fig. 2. HV coherency matrix over the average of one day from ten dry days
in December 2011.

III. COHERENCE MATRIX ANALYSIS

As aforementioned, the TropiScat experiment makes it pos-
sible to produce a vertical section of the illuminated forest
every 15 min. This means that it is possible to analyze the tem-
poral behavior of the forest at different heights by evaluating
the interferometric coherence between the tomograms that are
gathered at different times.

The instrument that is used in this section to perform this
analysis is the so-called coherence matrix. For a set of N ac-
quisitions, the coherence matrix is defined as the N ×N matrix
that is obtained by taking the N2 interferometric coherence of
all available interferometric pairs. Each entry in the coherence
matrix has been obtained by taking the interferometric coher-
ence between two different acquisition times at one particular
location within the forest.

In the remainder of this letter, we will discuss the temporal
behavior at different height locations within the vegetation
by considering the coherence matrix that corresponds to each
layer.

A. Coherence Over 24 h

Here, we examine the temporal coherence over a time span of
24 h. Fig. 2 shows the HV coherence matrices over one day at
the ground layer (0 m) and at 10 and 20 m above the ground. At
each layer, for the coherence evaluation, we exploit the samples
in the range direction rather than in the height direction. Due
to the range resolution of 0.75 m, the coherence evaluation has
been carried out by employing an averaging window of 5 ×
40 m (height–range), corresponding to about 50 looks. All the
examined coherence matrices were extracted by considering a
near range location (about 85 m away from the array), where the
vertical resolution is finer. Furthermore, we employ ten dry days
in December 2011 to improve the robustness of the coherence
estimates.

In Fig. 2, it is observed that the lowest coherence values
are associated with the daytime acquisitions. This result is
consistent with the defocusing phenomena that are discussed
in [20], where it was shown that the daytime acquisitions
are perturbed by the action of the wind. It is worth noting
that this phenomenon is partly observed at the ground level
as a result of defocused contributions from the rest of the
vegetation layer. Nighttime acquisitions are instead observed
to produce the highest coherence values. However, the most
relevant phenomenon is that the nighttime acquisitions yield
high coherence values.

Fig. 3. (a) HV coherency matrices for 35 days at dawn–dawn as a function
of the height, including rainy days. (b) HV coherency matrices for 35 days
at dawn–dawn as a function of the height, excluding rainy days. The rainy
days were flagged by setting their coherence to 0. The data cover the time span
starting from December 15, 2011.

This result suggests that the performance over tropical areas
can be optimized by gathering the data within a temporal
window ranging from approximately 7 P.M. to 7 A.M. However,
at P-band, ionospheric disturbances are much stronger at dusk
[5]. We decide to focus on the dawn–dawn acquisitions rather
than the dusk–dusk acquisitions. The following sections will be
focused on the evaluation of the long-term temporal coherence
by considering the dawn (6 A.M.) acquisitions.

B. Dawn–Dawn Long-Term Coherence

This section is dedicated to providing a quantitative assess-
ment of the temporal decorrelation at a time scale of days.
To this aim, here, we show the complete coherence matrix for
35 days (dawn–dawn).

Fig. 3 shows the coherence matrix at an HV channel as a
function of the forest height (0, 10, and 20 m). All acquisitions
are gathered at 6 A.M. The considered time span is 35 days,
starting from December 15, 2011. One column corresponds to
one day.

In Fig. 3(a), specially at the ground level (0 m), we notice
a regular decline of coherence moving away from the main
diagonal that corresponds to the increasing time lag. Still, the
observed behavior looks a bit random, showing both high and
low coherence values. This behavior was found to be associated
to rainfall events. For this reason, excluding rainy days is the
safest option to lead this study. In fact, the rainfall effect was
discussed in depth in [20], where we showed that a dramatic
phase change would exactly occur in correspondence with a
rainfall event. The result is presented in Fig. 3(b), in which the
rainy days were flagged by setting their coherence to 0. We can
see how the temporal coherence changes after 4, 17, or 27 days.
We notice that the coherence value is pretty high, which is also
consistent with the TropiSAR results [17]. The same temporal
behavior is observed in all polarimetric channels.

In Fig. 4, we plot the coherence in a logarithmic scale versus
time for the ground level in HV. The best fit line has been



Fig. 4. Coherence in a logarithmic scale versus time for the ground level in
HV. The best fit line has been performed by excluding the data set of the rainy
days. The data cover the time span starting from December 15, 2011.

obtained by excluding the data set for rainy days, showing a
linear trend. This suggests that an exponential decay can be
used to quantify the temporal coherence.

IV. TEMPORAL DECORRELATION AS A FUNCTION

OF FOREST VERTICAL STRUCTURE

The aim of this section is to establish a link between the
temporal coherence and the vertical structure by analyzing how
coherence changes over time at different heights within the
vegetation layer. The analysis within this section covers the
time span from December 2011 to March 2012. Rainy days
have been excluded from the analysis.

A. Temporal Coherence Map

Coherence estimation was carried out through both spatial
and temporal averaging. Spatial averaging was performed in
a space-varying fashion in order to have the same equivalent
number of looks at each range and height location. Temporal
averaging was carried out by taking all the pairs in the data set,
spanning the same interval (e.g., all the pairs with a temporal
baseline of 4 or 17 days), and by averaging their coherence to
make the estimates more robust, i.e.,

γ̂(nT ) =

∑
t(k2)−t(k1)=nT γ̂(k1, k2)
∑

t(k2)−t(k1)=nT 1
(1)

where t(k) is the time of the kth acquisition.
The estimated coherence maps at 4 and 17 days are reported

in Fig. 5. The coherence at four days is observed to be remark-
ably high both at the ground and canopy levels. Passing from
4 to 17 days, the ground coherence is observed to stay high,
whereas the volume coherence tends to decrease, therefore
indicating coherence sensitivity to height.

B. Temporal Decorrelation Modeling

The observed behavior of the temporal coherence versus time
suggests that it can be effectively modeled as an exponential

Fig. 5. (a) Dawn–dawn temporal coherence after four days. (b) Dawn–dawn
temporal coherence after 17 days.

decay with an initial value and a time constant, as discussed
in [7]. The time constant provides an idea of the lifetime of
scatterers, whereas the initial value accounts for short time
changes.

We assume that the elemental scatterers in the resolution cell
suddenly change their reflectivity, passing from complete co-
herence to zero. Once a start time is set (t0 = 0), the scatterers
are divided into two classes, i.e., those that have experienced
at least one change and those that have not. The model can be
simply written as follows:

γ(nT ) = γ0e
−nT/τ0 . (2)

γ0, which is the initial coherence, ranges from 1 to 0 and
represents the fraction of the scatterers that did not suffer from
a “quick decorrelation” mechanism, and τ0 is the time constant.

C. Expected Temporal Coherence

The retrieved model parameters γ0 and τ0 for the different
layers are summarized in Table I. The model-fitting quality
value, which is the average absolute difference between the
coherence model that is identified and the coherence samples,
is found to be about 0.01.

Based on this analysis, the temporal coherence at the ground
level is expected to stay high at about 0.8 at 27 days. The
coherence at the canopy height is expected to be about 0.8 at
4 days and about 0.65 at 27 days.

V. CONCLUSION

In this letter, tomographic processing has been aimed at
investigating the link between the variation of temporal decor-
relation over time and the forest vertical structure at P-band.
Temporal coherence was then investigated by analyzing the
time series that is composed by multiple tomographic snap-
shots.

Concerning the temporal coherence of one day, the most
relevant phenomenon is the coherence drop during daytime,
which is due to the effect of the wind moving the forest



TABLE I
RETRIEVED MODEL PARAMETERS: INITIAL COHERENCE γ0 AND TIME CONSTANT τ0

canopy. This result already appears to provide a very useful
input concerning the BIOMASS mission, as it suggests that
the performance over a tropical forest could be optimized by
gathering acquisitions in early morning or night hours. For this
reason, the long-term temporal decorrelation has been evaluated
considering dusk or dawn.

Long-term coherence was analyzed by considering the pe-
riods from November 2011 to March 2012. We decided to
focus on the dawn–dawn acquisitions rather than the dusk–dusk
acquisitions since the ionospheric disturbances are more severe
at dusk. The analysis has shown that the estimated temporal
behavior does change within the forest volume, i.e., the highest
coherence values are observed at the ground level. The temporal
coherence at the ground level is expected to stay high at about
0.8 at 27 days, whereas the coherence at the canopy height is
expected to be about 0.8 at 4 days and about 0.65 at 27 days. We
remark that rainy days have been excluded from the analysis.
Whether it is possible to get good results in the presence of
rainy acquisitions is an open point. Future works will consider
the treatment of rainfall events and the simulation of the impact
of temporal decorrelation on BIOMASS tomography.
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