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SOURCES OF TEMPORAL DECORRELATION IN AN AGRICULTURAL SCENE AND
THEIR EFFECT ON SUB-DAILY SAR COHERENCE TIME SERIES

A. Villarroya-Carpio,
J. M. Lopez-Sanchez*

Institute for Computer Research
University of Alicante
Alicante, Spain

ABSTRACT

Data obtained during a ground-based SAR experiment and an
associated field campaign have been exploited to study the
rate and sources of decorrelation in an agricultural test site
in the conditions of observation of a geosynchronous SAR. It
was found that the scene is less affected by temporal decorre-
lation when the primary image is acquired during night time
or early morning. Additionally, a periodic oscillation on a
sub-daily scale was observed when creating coherence time
series with increasing temporal baseline. Two factors which
strongly contribute to these oscillations are the daily cycles of
soil moisture and evapotranspiration.

Index Terms— Agriculture, Ground-based Synthetic
Aperture Radar (GB-SAR), interferometric coherence, soil
moisture, evapotranspiration

1. INTRODUCTION

The use of Synthetic Aperture Radar (SAR) data is becom-
ing more widespread in the field of agriculture, due to its
improved spatial resolution compared to passive microwave
remote sensing and generally better temporal coverage than
optical imagery, on account of not being affected by the pres-
ence of clouds [1].

In addition to observables derived from the measured
backscattered intensity, SAR interferometry provides coher-
ence and phase measurements related to the scene’s vertical
dimension and other properties [2]. In the context of agri-
culture SAR interferometry has been successfully exploited
for the purposes of crop type mapping [3, 4, 5], retrieval
of other biophysical variables [6, 7, 8], and crop monitor-
ing [9, 10, 11].

In recent years there has been a growing interest in the
availability of SAR imagery at increased temporal resolu-
tions, particularly at sub-daily scales. In this line, different
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mission proposals have developed plans for sub-daily SAR
observations, like Hydroterra [12], or the SLAINTE mission
idea, recently submitted in response to the 12th call for ESA
Earth Explorers [13]. A few studies have focused on the use
of radar at sub-daily scales [14, 15].

This work has focused on exploiting data from the Hy-
drosoil campaign [16], which simulated the observation con-
ditions (shallow incidence angles, sub-daily acquisitions, etc.)
of the Hydroterra mission proposal over an agricultural area.
The goal was to profit from the characteristics of this dataset
in order to study the dynamics of SAR interferometry at sub-
daily timescales. Given the availability of multiple temporal
baselines, the first objective was to study the rate of decorre-
lation of an agricultural area at different moments during the
season, as well as the effect of the choice of time of acquisi-
tion during the day. Secondly, the evolution of the interfer-
ometric coherence within a day was studied, particularly its
sensitivity to soil moisture and daily dynamics of the vegeta-
tion.

2. DATASET AND METHODOLOGY

The Hydrosoil campaign consisted on an experiment carried
out with a ground-based SAR system monitoring an agri-
cultural field during eight months in 2020. The instrument
acquired C-band full-polarimetric images every 10 minutes.
Additionally, supplementary data regarding meteorological
parameters, soil roughness and moisture and vegetation vari-
ables (plant density, LAI, height, and water content) were
measured during the campaign. The campaign spanned the
complete growing cycles of two different crops: barley and
corn.

The research work described below was limited to the first
season, corresponding to barley, and specifically focused on
the repeat-pass interferometric coherence. Multiple coher-
ence time series were constructed, differing in the way the
interferograms were computed:

1. Long-term (seasonal) series:
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* They span the entire season, with an interfero-
gram every 10 minutes.

* Primary image changes for every interferogram.

* A specific temporal baseline is used for each of
the series built in this way: 10 and 30 minutes, 1,
3,6, 12 and 18 hours, and 1, 3, 6, and 12 days.

2. Daily-reset series:

* Four series covering the entire season, with an in-
terferogram every 10 minutes.

* For each of the series the primary image resets
daily at a specific time: 0:00, 6:00, 12:00, and
18:00.

e The temporal baseline increases in 10-minute
steps from the starting time until the primary
image changes again.

3. Short-term series:

¢ Four different time series for each date of the sea-
son.

* Primary image fixed at 0:00, 6:00, 12:00 or 18:00
of the specific date.

» The temporal baseline increases from 10 minutes
to 12 days in 10-minute steps.

In summary, for the first set of series the interferograms
are created with a “moving window” with a fixed width in
each case. In the second set, the window moved once a day
with the width progressively increasing. And in the final case,
the start of the window was fixed in time while the width grad-
ually increased.

The construction of these different time series aims to
highlight the sources of both short and long-term temporal
decorrelation. Soil moisture (SM) and daily cycles in the veg-
etation cover have been considered as the main sources of the
short-term decorrelation, while changes in the phenology of
the vegetation and other variables contribute to the loss of cor-
relation in the long term.

The first point of interest has been to study the rate of
decorrelation during different stages of the campaign and
for different ranges of temporal baselines. Two simple func-
tions [17] have initially been used to describe the temporal
decorrelation:

Y(t) = yoe T (1)

() = (70 — Yoo)e " + Yoo )

where 7 is the initial coherence, which should be close to 1,
Yo 18 the long-term coherence, and 7 represents the decorre-
lation rate.

Subsequently, a new periodic term was added to Eq. 2
in order to take into account the oscillations observed in the
coherence time series for sub-daily temporal baselines:

2
Y(t) = (Yo — Yoo )™ + Ae™™ cos <;t + ¢>0> + Yoo
3)

where A represents the initial amplitude of the oscillation,
accounts for the potential attenuation of this term over time,
¢o represents the initial phase of this oscillation, and 7" de-
notes the period, which is fixed to 1 day.

In an effort to assess the effect of the SM in the coher-
ence time series, the in-situ SM data have been used to com-
pute curves of simulated coherence. In [18], an empirical
model to estimate the dielectric constant of the surface based
on soil moisture data is presented. Furthermore, the model
described in [19] was used to subsequently derive the com-
plex interferometric coherence. The coherence magnitude ob-
tained through this method has been compared to the coher-
ence time series resulting from the measured data.

On the other hand, to account for the daily dynamics of
vegetation, the vapour pressure deficit (VPD, [20]) has been
calculated. It is a function of temperature and relative hu-
midity, and is related to the rate of evapotranspiration of the
vegetation.

3. RESULTS AND DISCUSSION

3.1. Varying temporal baselines and rate of decorrelation

Figure 1 shows three time series spanning the whole sea-
son corresponding to the coherence amplitude values obtained
with different temporal baselines in the interferograms, as de-
tailed in Section 2. The coherence values are estimated by
averaging all the pixels within the whole field. In all 3 curves
there is an overall downwards trend as the season advances,
and the increasing presence of vegetation becomes the main
source of temporal decorrelation in the scene. The sudden
drops in coherence correspond to rain events. An increase
in the temporal baseline in this case means that the effect of
these events is “seen” by more interferograms. Finally, a daily
ripple is observed, as the coherence is higher when the pri-
mary image is acquired at nighttime, when the scene is more
stable.

The effect of increasing the temporal baseline, particu-
larly on the decorrelation rate, has been studied quantitatively.
Figure 2 shows the average coherence values resulting from
keeping the same primary image and increasing the temporal
baseline from 1 to 12 days. The decrease in the coherence
amplitude can be described, as expected, by Egs. 1 and 2. It
was observed how, irrespectively of the moment of the sea-
son, the long term coherence remains clearly over 0, being
the second model the most accurate description of the curves.
In most cases HH experiences a slower decline than HV and
VV.
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Fig. 1. Coherence time series (HH channel) for the barley season obtained with different temporal baselines: 1 day, 6 days, and

12 days. The x-axis displays the date for the secondary image.
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Fig. 2. Example of the decorrelation curves for the different polarimetric channels. The primary image is set, while the temporal
baseline (in days) is increased. The fitting parameters obtained in the models of Eqgs. 1 and 2 are shown.

When this analysis is extended to smaller temporal base-
lines, a new behaviour is observed: on top of the progressive
decay of the coherence there is an oscillation (Figure 3), with
a period of approximately one day, and time intervals where
the coherence is partially recovered. This oscillation appears
well defined when the chosen primary image is acquired at
night time. In these cases, a plateau is observed around the
1-day temporal baseline, where the coherence remains high
and approximately constant. This behaviour is not as clearly
observed later in the season, due to the vegetation growth,
or when the primary image is selected during the daytime,
specially in the afternoon, since the vegetation and the at-
mospheric conditions experiment the most changes, including
wind.

3.2. Short-term temporal decorrelation and daily cycle

The first plot in Figure 4 shows the coherence time series for
each polarimetric channel for the full growing cycle of the
barley campaign. It covers from the beginning of the cam-
paign until the date the crop is harvested. The daily ripple
is caused by the reset of the primary image in the interfer-
ograms, while the more pronounced drops in the coherence
correspond to rainfall events. Coherence decreases during the
daytime and tends to partially recover at night, when the con-
ditions of observation are more similar to those during the

1.00 2020-03-19 00:00:00

0.95

0.90

>0.85

0.80

0.75

—— data 1 param —— 2 param —— 5 param

0.70 T T T T :
0.0 0.5 1.0 15 2.0 2.5 3.0

Temporal baseline (days)

Fig. 3. Evolution of the coherence amplitude (HH channel)
for temporal baselines between 10 minutes and 3 days. The
curves obtained from the best fits of models in Egs. 1, 2 and
3 are also represented.

acquisition of the primary image, and when the scene experi-
ments fewer changes. The amplitude of the oscillations in the
coherence during the day increases later in the time series,
showing the increasing effect of the dynamics of the vege-
tation in the short-term temporal decorrelation as the plants
grow.

The second and third plots in Figure 4 display the mod-
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Fig. 4. Time series of measured coherence, simulated (modelled)
barley.

elled coherence and the soil moisture data used to simulate
it, respectively. The sudden increases in the SM reflect the
rain events. The SM curve presents daily oscillations and a
downward trend after each period of rainfall. The simulated
coherence replicates these oscillations and shows sharp drops
matching the increase and decrease of soil moisture associ-
ated with rain events.

Despite the measured and the simulated coherence shar-
ing the more pronounced peaks, the amplitude of the oscilla-
tions is considerably smaller in the simulated coherence. In
principle, this means that the decrease in coherence cannot
be solely attributed to the decorrelation caused by changes in
soil moisture. However, it is important to note that the SM
data were acquired at a depth of 15 cm, while the radar is
sensitive to soil moisture in the first few centimeters of the
ground. The dynamic range in soil moisture values is attenu-
ated as the depth increases, and the influence of changes in air
temperature, wind and air humidity disappears. As a possible
solution, currently under evaluation, the SM right below the
surface could be estimated from the actual SM data measured
at 15 cm depth, thus enabling a more accurate comparison.

In addition to this, but not shown here due to space con-
straints, the VPD series oscillate daily, with low values dur-
ing night time and an increase at dawn, as the temperature
increases and the air can hold more water vapour. These os-
cillations again resemble the behaviour of the coherence time
series.
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coherence, and soil moisture for the whole growing season of

4. CONCLUSIONS

The availability of sub-daily radar acquisitions has proved
valuable for observing the sensitivity of SAR interferometry
to short-time oscillations in soil moisture and features related
to daily cycles in the vegetation, which could be relevant in
various scientific fields, such as hydrology and agriculture.
The rate of decorrelation has been studied at different stages
of the growing season of a crop, as well as the daily oscilla-
tions of the coherence for sub-daily temporal baselines, which
had not been observed before. The contribution of changes in
soil moisture and evapotranspiration in these oscillations has
been studied.

The results of this study are still being analysed and will
be displayed at the conference. Future points of interest in-
clude:

* The estimation and validation of soil moisture right be-
low the surface from the available 15 cm deep data.

The study of the tendencies of the periodic cycle that
coherence experiences during the season: rate of decor-
relation, the amplitude of oscillation and the moment of
the day where the minimum coherence value is reached.

The effect of setting the primary image at different
times during the day.

A new campaign including both C and X-band, to profit
from the combination of multiple frequencies.
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