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Abstract—Following the past TropiScat and AfriScat tower-basd scatterometer experiments conducted as part ohé ESA
BIOMASS mission preparation activities, a follow-onexperiment referred to as TropiScat-2 has been uraitaken in French
Guiana since March 2018. Based on new capabilitiéscluding C-band acquisitions, this paper addressethe question of temporal
decorrelation variability at several time scales usg a period of 67 days dating back to early Augusk018. Overall, C-band
coherences have been found very dependent on thde®nce hour and higher than expected at night (1&in coherences above
0.75 and 1-hour coherences above 0.5 75% of the 8jn Supported by meteorological data from the fluxewer, clear evidence
about diurnal convective effects is shown. For théirst time the link with evapotranspiration is pointed out based on a drop of the
15-min coherences going from about 0.8 to 0.2 indg than 1 hour (around 7h30) and before the rise ofonvective winds.
Furthermore, the specific impacts of convective wids during the day have been demonstrated using veshort timescales (with the
spread of coherences at 1sec from 0 to 0.9), wheseidis more difficult to separate these effects &ém those of water transfer for
longer timescales. In addition to provide new insigts for the understanding of microwave interactionswith dense vegetation, these
results should also contribute to widen the capabties of future companion or high revisit space-bane missions at C-band.

Index Terms—Temporal decorrelation; C-band; Time ri@s; Tower-based scatterometer; Tropical dense efis;
evapotranspiration; convective wind

I.  INTRODUCTION

Time series measurements in remote sensing are déterminant to disentangle the possible ambigiitietween the
multiple causes behind signal variations, makingsieand continuity of time series highly importaAlthough limited by a
rather small footprint (typically about 1ha), towsased remote sensing instruments enable a topofi@ngiven region of
interest, and thereby allow to mimic observationrgetry from space but with the core advantage dfimgapossible a wide
range of quasi-continuous and -simultaneous radsasorements, together with situ auxiliary data. In the context of the
ESA BIOMASS mission preparation activities, we cafer to the TropiScat [1] and AfriScat [2] expeénts, respectively
conducted in French Guiana (2011-2014) and GhabEb(2017). Both experiments were dedicated to tedpglense forests
(primary targets of BIOMASS). The key results h#esn related to the signal variability at P andalndis and particularly
to the signal temporal decorrelation [3] which isae variable for the design of mission revisitl atquisition time [4].
More recently, a similar experiment has been ua#lert to address these questions in the case ofealbforest [5],
considering also C-band acquisitions in additioth®nP and L-band ones. Indeed, several studiesilmas space-borne data
(especially with ERS and ENVISAT missions) havewghahe potential of C-band backscatter for boree¢dts whether for
seasonal monitoring and classification or evenAGB mapping [6, 7, 8].

For tropical forests, the use of C-band to provilevant information is less obvious. This situataan first be explained by
the lack of data in comparison to areas at highttutle where the revisits related to heliosyncbr@norbits are more
frequent. Moreover, canopies in the tropics aresderand vegetation cover fraction is higher resgltin a stronger
attenuation and weaker image contrast. Finally,pimenology of the different tree species in tropfoaests is much more
diverse and poorly known [9]. Indeed, this phenglognnot be characterized by strong seasonal chaugh as freeze/thaw
events, leaf-on/leaf-off or even more progressigaflArea Index (LAI) changes as for temperate tsrg, 11].

Although challenging at seasonal scales, shortésiteC-band observations might provide significargights regarding the
more predictable effects of convective winds orewatontent variations during the day, as pointedbafore at P and L
bands [12]. Concerning convective winds, strong@# can be indeed expected on temporal decoomlajiven that the
induced displacements can easily reach half ofvdneelength at C-band (about 3cm). On that mattercan refer to several
theoretical approaches either based on analyticdlets [12,13] or numerical ones [14] that relatefieral decorrelation to
descriptive models of wind motions or sub-canopyadnfields, although the latter remains poorly knojdb]. Likewise,
important effects can be expected from the diuvaahtions of water content and their associatetedtric values especially



within the top canopy leaves which play an impdrtate in both the C-band backscatter and the dvapspiration (ET)
phenomenon. In spite of many uncertainties abouemeontent distribution within trees (from trunk keaves), diurnal
variations are related to ET which can be direntBasured from the analysis of eddy covariance §li%6]. Alternatively,
ET can be approximated by the Potential evapotreatgm (PET). The main assumption behind the UsBHT lies in the
availability of water resources. PET can be caledathrough the widely used Penman formulation [b@sed on
temperature measurements, solar radiation and Yaressure Deficit.

In view of these considerations, we propose in plaiper to exploit the short revisit capabilitiesTabpiScat-2, in order to
investigate the origins of temporal decorrelatiorCeband. Next section is focused on the new fadlirelated to C-band
acquisitions, while the statistical analysis of toherences based on several methods to combareafg from seconds and
up to 30 days are explained in section Il usingpah situ wind and PET measurements. These reantisassociated
qguestions are then discussed in section IV usimplementary data from a preliminary phase of thpeerment. The
conclusion section V includes further prospectatesl to the extent of these results.

Il.  DATA ACQUISITION AND PROCESSING

A. New features of the experiment to include C-bamplisttions

As introduced above, a similar P- and L-bangter@na array as for the previous TropiScat andS&at campaigns has
been installed at the top of the Guyaflux toedvout 55m high) in French Guiaf8]. To extend the measurements to C-
band, a new Vector Network Analyzer (VNA, ref ENAES3A detailed on http://www.keysight.com) has bewtalled,
covering a wide range from 5 kHz to 6.5 GHz. Far pleriod hereinafter considered in this study (&ysdrom August % to
October &, 2018), six antennas dedicated to C-band aceprisifiave been set up at the VV polarization analgsplit on
two sides of the tower (west and northeast). Thisiae was made to ensure the reproducibility of i@sults, given the
smaller vegetation volumes interacting at C-banchmared to lower frequencies. The main featurehe$e¢ antennas are
provided inTab. 1. In the following, the west side pairs of traits{) and receive (R) antennas are noted R1-T1R&d 1,
while the northeast ones are noted R3-T2 and R4-dReach side, both pairs have been respectiegigrated by a vertical
baseline of 50 cm and 80 cm in view of further ifegmmetric studies.

fo Gain Antenna Cross-Pol E-&H-plane;
(GHz) (dB) Factor (dB/m) | Isolation (dB) 0_3dB (°)

5.0 10.51 33.68 -34 56.77 & 55.16

5.5 10.95 34.07 -40 54.45 & 49.93

6.0 11.63 34.14 -44 50.57 & 46.5¢

Tab. 1: Features of the horn antennas used for then@-baquisitions (from 5.2 to 6 GHz within the totelndwidth 4.90-7.05 GHz). The indicated
frequencies and associated performances are thoadgd by our supplier (for more information, seedel 'LB-159-10' on http://www.ainfoinc.com)
Each receive-transmit pair is connected to the goal VNA through RF switches that sequentiallyteothe signal. The
acquisition is made in the frequency band 5.2-5& @ith 1601 samples, and is repeated 3 times &ems A, B, C) in
order to increase the number of look§ €l. B.). The full acquisition cycles are perfonevery 15 minutes, except during
the preliminary campaign (in March 2018) when leset and 1-minute tests have been performed (pruyidhe
complementary results in 8IV.). The two periodssidared in this study were defined by the planmhgn-site campaigns.
No particular event regarding meteorological candi has been reported locally and the cumulagirgfall amount of 156
mm during the 67-day period can be considereddigany in this region and for that period of theébelonging to the dry
season).

B. Coherence computation

Considering that data acquisition from the VNArnighe frequency domain, the processing consissifiran inverse fast
Fourier transform to convert the measurementsthdime domain. The resulting range impulse resgsican then be used
to compute the temporal coherence according téolf@ving formula:

K {AB.Clyi k N ok ;
Yk=1 z:seq Zimin Sseq,t1(D)- Sseq,t2 @

Yy =
K {A,B,C} yimax| ok N2 vk {A,B,C} yimax
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with ‘i' being the range index betweegqiand jna, and Sequand Seq2being the complex responses for acquisition titpes
and . The index ‘seq’ is for the consecutive sequente®, C within a same acquisition cycle and ‘k’ ¢tover the
aforementioned antenna pairs. Considering a sknger interval of 15m (40 pixels), the 3 sequence8AC and the 2
antenna pairs on each side of the tower, we comeithp240 non-independent looks. This number caindeed compared
to the Equivalent Number of Looks (ENL). In our eathe ENL can be estimated from the square ratizvden the mean
and the standard deviation [19] computed from #teo§the (hax imin) Spatial pixels within 1-D intensity images. Apiply



this method to 1-D multi-look images resulting fréhe 3 sequences and the two antennas pairs, we apmwith variable
values of ENL higher than 80 75% of the time athhigand significantly higher during the day duettie decorrelation
between the 3 sequences. Without anticipating #ta dnalysis coming in the next sections, we aasstaccording to [20]
that even a minimum ENL of 80 ensures a negligihés for coherences above 0.2, and a bias beloviod.doherences
below 0.2.

For completeness, it can be also highlighted thiah@la (1) was used to process all results belangirthe main period (67
days from August *) whereas the complementary results provided irdtseussion section (§1V.) were limited to a single
pair and a single sequence but with larger bandwitiGHz).

I1l.  ANALYSIS OF TEMPORAL DECORRELATION ATV ARIOUS TIME SCALES

A. Overview of the whole set of temporal coherence

To visualize the overall variations of the temparaherence, all possible combinations of time péirs,) can be gathered
into a matrix representation. Columns and linesuwfh matrix correspond to all acquisition timesrfrthe beginning to the
end of a selected period. Such matrix represemntatidemporal coherences is showrFig. 1, restricted to the period from
August 28" to 26" for a better visualization. The upper and lowirtgular parts represent results from the two aretguairs
R3-T2 and R4-T2, respectively (hence the slighsydismetry). The diagonal elements of the matrix egpond to the zero
temporal baseline. Thus, the corresponding coherealues are exactly equal to 1 as shown by arddrine. As expected,
the highest values are spread in the surroundirtgeofmain diagonal during night-time. More inteirggly, a periodicity of
bright blocks can be pointed out when moving awaynfthe diagonal (i.e. when the temporal baseliesiases), revealing
the effects of day and night conditions. Indeedhetences during the day are mostly very low (bedd®y while values often
above 0.5 along the sub-diagonals can be noticedgats. Given these first qualitative observatjosgecific temporal
baselines and reference times can be chosen intordeantify the decorrelation, as proposed inftlewing subsections.
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Fig. 1: Overview of the evolution of temporal deetation during one week
(from August 2 at midnight to 28 at 11:45pm) for the West side of the flux-
tower. The 2 antenna pairs are represented on sat#hof the diagonal.

B. Daily variations of 15-minute coherences

To better understand the daily variations of terapooherence and to underline the aforementionettasis between day
and night-time coherences, 15-minute coherences haen computed among all possible pairs withinwthele period
(01/08 to 06/10) and have been further reduced24-hour scale to provide the results showRig 2, top graph. Likewise,
PET and wind speed measurements (estimated frorGulyaflux data [18]) have been reduced for the whp#riod to 24
hours Fig. 2, middle and bottom graphs). Given the daily etioh of the 15-minute coherences (top graph),ehreriods
can be highlighted: the first one (midnight-7am)ckgaracterized by a low temporal decorrelation vattherence values
mostly higher than 0.8 (50% of the time). Considgrihe fairly constant median during this peridadsivery likely that the
0.2 decorrelation is mainly due to the residualdvinduced motions. Indeed, assuming a decreasingrwedistribution



process due to ET from the previous day, we woxftket, in the case of water content effect, a tianesor a discontinuity
of the coherences instead of the observed plaWaucan also stress that this hypothesis holds famlyhe top part of the
forest which is involved in C-band interactionseTdecond period (7am-7pm) is then characterizeddaydden drop (around
7:15am) which coincides with the PET increase wifie wind speed reaches a minimum (see the reg istirig. 2),
suggesting that ET by itself can explain the cohegedrop. The plateau of low coherences (below €gjinues until the
slowdown of convective effects (around 7pm) befammore progressive and scattered coherence risehibas:15am drop.
This dissymmetry is likely due to stronger wind ege (mostly above 2 m/s between 6pm and 9pm) thangithe drop
period and also to possible lag of water redistrdvuwithin the trees during the evening. The asialyofFig. 2 is further
discussed in sectidiv.
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Fig. 2: From top to bottom, whisker-boxes (mifi, duartile, mean, '8 quartile and max) of 15-min
coherences on the NE then the W sides, averagedaREWind speed. For each sub-graph, results have
been obtained using the whole period (AugtisbIOctober 8, 2018), reduced to a 24-hour scale.

C. Coherence evolution from 1 to 30 days for selebtads

To investigate the possible high coherences betseearal days, specific reference hours have belented (midnight, 6am
and 6pm) to compute all combinations of cohererfoesa temporal baseline ranging from 1 to 30 ddyse associated
results are shown ifrig. 3. They confirm the more favorable conditions &hh or early morning, showing a slightly
exponential decay (top and middle graphs) fromytmteresting values up to 0.6 (and above 0.4 25%he time) to low
values (around 0.2) after 4 days. On the contithey,6pm reference (bottom graph) is quasi timeriana except for the 1-
day coherence reaching 0.4 as a maximum.

D. Coherence evolution from 15 minutes to 5 hoursrduday, evening & night-time

To complete the previous findings, smaller rangetemporal baseline can be analysed using 15-mitaut# or 5-hour
intervals for the three aforementioned selecteddsr(resulting from the analysis Bfg. 2) and are respectively shown in
Fig. 4. As expected from the previous analysis, grdérdnces between the evolution of temporal cohege during the
day and those during evening and night-time candbieed. Indeed, the median of the coherences ctadmuring the day is
already below 0.2 after 15 min and only the maxshaw an exponential like decay. On the contrarjpecences during
night-time (midnight to 7am) or during the evenif¥gpm to midnight) are mostly above 0.2 even aftérodrs. The main



difference between both periods lies in the didparsf the coherences at 15, 30 and 45 minute$ thi2¢ minima being
significantly higher for the night (above 0.4 vs@eas well as the first quartiles (above 0.6 v§.0.
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Fig. 3: From top to bottom, statistical (whiskerxes) evolution Fig. 4: From top to bottom, statistical (whiskerxes) evolution
of temporal decorrelation at fixed time: “midnight®6am” and of temporal decorrelation for three periods: “day“evening”
“6pm” versus temporal baseline for both sides oé ttower and “night”, versus temporal baseline, for both a#dof the
(represented with a slight shift for clarity). tower (represented with a slight shift for claréy in Fig. 3).

IV. DISCUSSIONENLIGHTENED WITH COMPLEMENTARY RESULTS

Considering the previous results related to thevective effects on the 15-minute coherencefs Kig. 2), we saw the
difficulty to separate both effects in the slotvee¢n 9am and 6pm. Indeed, we might explain thétstigcrease of the 15-
minute coherences after 1pm by an increase of atireewind while PET remains constant (near its mmaxn) or
decreases, assuming in this case less effectsgatation water content and associated dielectiangbs (of the vegetation
scatterer) which directly impact the backscatteswiever, this assumption is not yet verified sineapmtranspiration only
reflects how conditions are favorable for watercaliation and dielectric changes but it is not sedirmeasurement of
vegetation water content. Future longer time seméght help us isolate both effects with possibbewrence of unusual
low/high wind conditions during the day/night-time.

As an alternative, the possibility to estimate gehees at shorter time scales can help us diseoeiéend and
evapotranspiration effects, assuming that therldthtes not vary so quickly. For that purpose, presimeasurements can be
exploited from a preliminary campaign (March 20@8)ich aimed at the design of the instrument dugrgparation phases.
In fact, higher sampling rates have been perforthethg a short period of time since they could netafforded during the
long-term nominal mode (regarding data storage sigdal amplification to compensate shorter intégratime). These
experiments enabled to compute temporal coheremeesg measurements acquired every second durindaydfrom
9:30am to 12:30pm) and every minute during nighieti(from midnight to 6am) as shown in the two gsphFig. 5.
Interestingly, decorrelation at 1 or 2 seconds lsarreally high (maxima above 0.8) and are alsoaddtarized by a high
dispersion (first and third quartiles around 0.2d &h6 respectively) which is very likely due to tlyasi-random
displacements caused by wind (assuming again dasdrsvapotranspiration at one or several secomisjng this slot, it
should also be noted that wind was particularlgregrwith all recorded values above 3.65 m/s. Beybiglimportant spread
of the coherences, these results also indicateddahdem missions cannot exceed a shift of one se@anbaseline of about
7.5 km) or should head for alternative configunasiovith twin satellites flying in close formatioag proposed with Sentinel-
1 in [21]). During night-time (bottom graph), 1-méoherences are much higher than during the dest (fuartile close to
0.8) and coherences for longer intervals are ctergisvith those found using the main periofi fottom graph irFig. 4).
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V. CONCLUSION ANDFURTHERPROSPECTS

Supported by a wide-range time intervals (from sésao days), higher than expected C-band cohesdmpee been found
in the case of tropical forest. Their evolution hbeen not only explained by convective motions higo by
evapotranspiration. Indeed, while most previouslisgihighlighted the effects of wind motions, thégper demonstrates that
evapotranspiration also matters and is even the mhaver of the coherence drop in the early mornivitgen convective
winds are minimum. After this minimum and as long @nvection remains high, the combined effectsvofd and
evapotranspiration remain difficult to disentandglewever, the high spread of the 1-sec cohereriman Q to 0.9), observed
with a dedicated mode, indicates that wind moti@me very likely to be the main source of decorrefatsince
evapotranspiration cannot change so fast. As egpedbnger intervals during the day lead to loweherences (mostly
around 0.2). The greatest coherences have beeimedbta night with 15-min coherences around 0.8 mnde surprisingly
above 0.2 after one day (reaching 0.4 25% of the)ti Considering that coherences above 0.2 caxfleited in different
applications based on coherence magnitude and plilaese observations open many opportunities foovative
configurations of future high revisit geostationagndem or formation-flying missions.

Besides, having in mind the current and upcomirgpilScat-2 acquisitions, further work will be spézfly dedicated to the
analysis of the interferometric phase time setbesefiting also from the recently available polairic capabilities. Longer
time series will also provide a wider range of eawimental conditions to better disentangle wind emdpotranspiration
effects (especially with possible LAI variationsdathe analysis of dry and wet seasons), in additiothe more general
objectives related to potential synergies betwberbackscatter (intensity and phase) at P, L abdr@s. On that matter, the
highlighted importance of evapotranspiration isyvencouraging since it may relate P, L and C-baath dhanks to the
continuum of water content within the trees.
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